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ded oral "dosage, it has little: or: 
ho ‘pressor’ effect in normotensive adults. Pa- 
‘tients have not been reported to experience, 
T the rebound. congestion sometimes: experi- 
a ET d ;: enced.with frequent, repeated use of topical 
* prognosis of facial nerve  - ,* ^. decongestants. 
. disorders : c ' INDICATIONS: Relief of nasal congéstiófi or. 
à 1 eustachian tube: congestion. Máy, be given’ 
concomitantly with- analgesics, antihistamines, 
expectorants and ‘antibiotics 


` CONTRAINDICATIONS:: “Patie with | ‘dovere 
hypertension,. Sevete coronary artery , disease; ; 
and’ patients on "MAO* inhibitor therapy: Also. 
.'contraindicated in ‘patients with pancos” 
-ity or ‘idiosyncrasy to' *sympathioniimetic | ‘amines . 
" which, may:be manifested by’, insomnia, dizzi- - 
Y ness; :weakniess, tremor òr arrhythmias. =. 
‘Ch dron under 12: Should not be used by 
children under 12 yéars. ` 
Nufsing Mothers: Contiaindicated . because 
- |, of the higher-than usual risk for infants from ^ 
-. sympathomimetic amines. 


ARNINGS: Use judiciously and übaHndiy in. 
patients with aye are rud diabetes mellitus, 


e elderly (60 years and d bider.. 
y to have adverse reactións:to,. 


on formulation. : ; 
with diabetes, hyper: 


; ich’ as e ovuds Se manene: Honakohe, 
jizz iness: or nausea. ain wen hav 


UÉ us * difficulty." 
E ' convulsions, CNS depression; arrhythm 
"cardiovascular collapse: with hypotenst 


DRUG INTERACTIONS: MAO’ inhibitor 
: beta adrenergic blockers increase the. 
; of pseudoephedrine. Sympathomiinetics may 
‘reduce the antihypertensive effects of "methyl. 
dopa, mecamylamine, reserpiriecánd, MM 
HS ,alkaloids. h 
NTY ROAD. B- 2: - : DOSAGE AND ADMINISTRATION: One scap: 
"sule.every 12 hours. Do not give to childre 
ESOTA 55113 | : " "e “under 12 years of age. 


o from WR— 
N z .CAUTION: Federal law. prohibits - :dispensinig . 
Ld MONITOR without prescription. ' 


RVE STIMULATOR . . 
HOW SUPPLIED: Brown and orange. colored” 
hard gelatin capsules, monogrammed with thë- 
Dow diamond followed by the number 104. Bot- 
dle of 100 capellas (NDC: 0183-0104-02). 


"BOW PHARMACEUTICALS" 
The Dow Chemical:Company 
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12-hour ret 
re and simple. 


7 m And we've proved it. 
B. Clinical measurements and bio-availability data have 

demonstrated that Novafed Capsules provide sustained 
relief from nasal and eustachian tube congestion for 1 2 
full hours. 

Inside every Novafed Capsule you'll find only one 
active ingredient . . . pseudoephedrine hydrochloride. 
No other drug is needed to provide 12-hour 
decongestant effec 1. 

And there'si^é convenience of one 
capsule every #2 hours—with no 
drowsinesscNovafed may be given 
concomitantly with analgesics, 

antihistamines, expectorants, 

and antibiotics. : 

For all day and all night 

relief, it's Novafed Capsules. 

Pure and Simple. 
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"The Nasal Septal Perforation: 
- "Button'itUp. _ . 


Richards Plasti-Pore™ Septal’ Button* offers the surgeon another surgical 
alternative in closure of perforations of the nasal septum. The two-piece device 
may be implanted easily, in the sürgeon's office or in conjunction with some other 

» intranasal surgery: mm. 
., Using a Daper.template. the Plasti-Pore button is trimmed to the proper size. The 
4, Septal Button. is then inserted and sutured in place. Fixation is aided by the porous 
texture of Plasti-Pore, which allows 
soft tissue ingrowth. Plasti-Pore is a. 
~~ porous, high density polyethylene: 
that has exhibited excellent toler- 
ance in the body, and has been 
successfully used as an implant 
material. 
Ask your Richards representative 
,« about the Plasti-Pore Septal Button. 
"* Another innovative product fromthe 
ENT implant leader. 
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duodenal or. acer neck obstruction. 
Children under 6. 


i: Warnings; Caution baton ONE : 
| i - Hes requiring alertness (et T 








L^ Before prescribing, see complete pre- 
scribing information in SK&F literature 
or PDR. The Der ie is a brief summary. ri 
"EE * [ Effect on PBI Determination pad 11974 
X ei r " * neien gons P als E Uptake: Isopropamide iodide may alter _ j 
x: nS Pg Wes Si a agape ac 9; PBI test results and will suppress I? — - 
National Russereh Council and/or E otanta unat: 2 
^ other information, FDA has classified eoe Dy exvuu E 
E i. nn i the indications as follows: Precautions: Use‘cautiously in persori 
E dA e RP Possibly effective: For relief of upper MAPAS UU Tg gei 
4 x respiratory tract congestion and : 
4 hypersecretion associated with Adverse Reactions: Drowsiness, al 
Iani a be , vasomotor rhinitis and allergic sive dryness of nose, throat or mouth E 


hinitis, and f. olonged relief. nervousness; or insomnia. Also, nause 
j : n" DC x we È vomiting, epigastric distress, diarrhea, 
Lacking in substantial evidence of rash, dizziness, weakness, chest 
effectiveness: For relief of nasal ness, angina pain, abdominal pa 
congestion and hypersecretion irritability, palpitation, headache inco“ 

: ^ " o." 
mudo tat the common cold ordination, tremor, dysuria, difficut 


| Final classification of the less-than- 
effective indications requires further 
investigation. 











j Contraindications: Hypersensitivity to 
any component; concurrent MAO 
inhibitor therapy; Severe ‘hypertension; 
..- . bronchialasthma; coronary artery ^ - 
f pane’ stenosing peptic ulcer; pyloro- 
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THERAPEUTIC CHO 
MEDIA IN CHILDREN 


SF uM 


Recommended whenever, in your judgment, it offers an 
advantage over other antimic). bial agents 


Bactrim demonstrates 93% success rate 
in multicenter studies 


High efficacy against major otic pathogens 


Bactrim is highlyeffective against acute otitis media caused by Str. 
pneumoniae (D. pneumoniae) or H. influenzae. An overall efficacy of 93% 
was reported in a multicenter evaluation * of 121 patients with acute otitis 
media due to these organisms. The age range was 2 months to 13 years, with 
an average of 3 years. 


In vitro spectrum includes ampicillin-resistant 
strains of H. influenzae 
Note: Clinical information on the efficacy of Bactrim in otitis media due 
to ampicillin-resistant H. influenzae is limited at present; further studies are 
in progress. 


Useful in patients allergic to penicillins 
Same safety profile as in other indications 


In pooled data* on 238 patients receiving Bactrim for an average of approx- 
imately 10 days,'adverse effects were infrequent and not serious. Although 
serious reactions can occur, none were noted in these studies. Contraindica- 
tions to Bactrim include patients hypersensitive to its components and in- 
fants less than two months of age. 


Note: Bactrim should not be used in the treatment of streptococcal phar; af 4$ aie 
ia 5 e 


incidence of failure has been greater than that of penicillin in aangee gr ous y. beta- * 


hemolytic streptococci from the tonsillopharyngeal area. 
*Data on file, Medical Department, Hoffmann-La Roche Inc. 


BACTRIM ee um 


(40 mg trimethoprim and 200 mg sulfamethoxazole per 5 ml) 


Convenient b.i.d. therapy 


Please see following page for summary of product information. 









Sr nonpenicillin indicated 
cute otitis media in children 


^ BACIRIM | 


Suspension Pleasantly flavored = 


‘Bach; teaspoonful (5 ml) contains 40 mg trimethoprim Ezen. 
and200ang sulfamethoxazole. 4 e "oe. j 
VAT | o2 


Tablets Sniall, easily swallowed, scored d ro 222 1 


Each tablet contains 80 mg trimethoprim 
and 400 mgstülfaiethoxazole. 








Rx fora 
20-Ib child 





N . . 
Convenient b.i.d. therapy 
Before prescribing, please consult complete product informa- allergic myocarditis. Gastrointestinal reactions: Glossitis, stomatitis 
tion, a summary of which follows: 3 nausea; emesis, abdominal pains, hepatitis. diarrhea and pan- 
Indications and Usage: For the treatment of urinary tract infec- creatitis. CNS reactions. Headache, peripheral neuritis, mental de- 
tions due to susceptible strains of the following organisms: pression; convulsions, ataxia, hallucinations, tinnitus, vertigo. insom- 


- Escherichia coli, Klebsiella-Enterobacter, Proteus mirabilis, Pro- nia. apathy, fatigue, muscle weakness and nervousness. Miscellane 
1 $*roteus morganii. It is recommended that initial ous reactions: Drug fever, chills, toxic nephrosis with oliguria and 





















episode: complicated urinary tract infections be treated anuria. periarteritis nodosa and L.E. phenomenon. Due to certain 
with.a sing effective antibacterial agent rather than the combi- chemical similarities to some goitrogens, diuretics (acetazolamide 
nation. Note: The increasing frequency of resistant organisms limits 7 es) and oral hypoglycemic agents, sulfonamides have caused 

t. the usefulness of all antibacterials, especially in these urinary tract are instances of goiter production, diuresis and hypoglyc 3 

| infectigns. patients. cross-sensitivity with these agents may exist. In rats ] 
For acute otitis media in children due to susceptible strains of term therapy with sulfonamides has produced thyroid malignancies 
Haemophilus influenzae or Streptococcus pneumoniae when in Dosage: Not recommended for infants less than two months of 
physician's judgment it offers an advantage over other antimi- age. 

FEM Dimited clinical information presently available on effec- URINARY TRACT INFECTIONS IN ADULTS AND CHILDREN AND 

t "tiveness of treatment of otitis media with Bactrim when infection ACUTE OTITIS MEDIA IN CHILDREN 

|. is due to ampicillin-resistant Haemophilus influenzae. To date, Adults: Usual adult dosage for urinary tract infections —1 DS tablet 
there are limited data on the safety of repeated use of Bactrim in (double strength). 2 tablets (single strength) or 4 teasp. (20 ml) bid 
children under two years of age. Bactrim is not indicated for pro- for 10-14 days 
phylactic or prolonged administration in otitis media at any age. Children: Recommended dosage for children with urinary tract infec- 

. Also for the treatment of documented Pneumocystis carinii tions or acute otitis media —8 mg/kg trimethoprim and 40 mg kg 
pneumonitis. To date, this drug has been tested only in patients sulfamethoxazole per 24 hours. in two divided doses for 10 days. A 
9 months to 16 years of age who were immunosuppressed by 5 ollows 
kd cancer therapy... Children two months of age or older 





¿Contr 


tns* Hypersensitivity to trimethoprim or sulfon- 





Weight. Dose—every 12 hours 





'* * aey; nursing mothers; infants less than two months of 
NES x d 3 vds lbs. kgs Teaspoonfuls Tablets 
SHOUD NOT BE USED TO TREAT STREP- 20 9 1 teasp. (5 ml) V2 tablet 
AGITIS, Cligical Studies show that patients with ap 18 eae om) T. 1 
d ders "in i 2 3 teasp 2 
eptócoog! tonsillopharyngitis have higher 80 36 4leasp (20 ml) 2 tablets or 


c failure when treated with Bactrim than do 
"in. Deaths from'hypersensitivity reactions 
p and other blood dyscrasias have 


1 DS tablet 











atients with renal im 

















ides. Experience with trimethoprim is Creatinine Recommended 
hal interference with hematopoiesis Clearance (ml. min) Dosage Regimen 
|creaged incidence. of throm- i "UU m — 7 pem i 
tients on certain diuratics. primarily’ Above 30 — — 9908 Sta fida. replent 
purpura or jaundice tnay be early | 15-30 . Ve the usual regimen -—— 
equent CBC's are recommended Below 15 Use not recommended . 
a significantly reduced count of HOST COR pena P ay 3 
T PNEUMOCYSTIS CARINII PNEUMONITIS “Récommended dosage 


20 mg/kg trimethoprim and 100 mg/kg sulfamethoxazole per 24 S 
hours in equal doses every 6 hours for 14-days. See complete prod- 
uct information for suggested children 's.dosage table 


"ents with impaired renal or hepat- 
y. severe allergy or bronchial 
hosphate dehydrogenase defi- 






"lated, may occur. During Supplied: Double Strength (DS) tablets containing. s 

«e and perform frequent 160 mg trimethoprim and 800 mg sulfamethoxazole, bottles of 100 
«amination. and renal function Tel-E-Dose" packages of 100, Prescription Paks of 20. Tablets., 
əd renal function each containing 80 mg trimethoprim and 400 mg sulfaméthoxazole 


bottles of 100 and 500; Tel-E-Dose" packages of 100: Prescription 
S a le singly a /S of O - 
ported with Bactrim. Blood Paks of 40, available singly and in trays of 10. Oral suspension, con 
amia, megaloblastic taining in each teaspoonful (5 ml) the equivalent of 40.mg trimeth- 
* Mic Pr purpura oprim and 200 mg sulfamethoxazole, fruit-hcorice flavored—bottles 


S to sulfonamides and 


f160z(1p 
amia. Allergic reactions era Ht pino 


‘rome, generalized skin 


"um sickness. pruritus Roche Laboratories 
8, periorbital edema Division of Hoffmann-La Roche Inc . 
ti : Nutley, New Jersey 07110 $ e 


. sensitization, arthralgia and 


The new, thin, . ' 

flexible ENT endoscope 

with distal deflection 

from Machida... 
Nasopharyngo— 

A Laryngoscope 
Model ENT-US-25 


The small diameter, flexibility and tip deflection of this scope. . c 
allow for easy, safe and painless endoscopic examination Y 
anywhere in the upper airway, including the fossa of Rosenmueller 
and sphenoid sinus orifices. 





The insertion tube is only 3.9mm in diameter and is 25cm in length. 
The weight of the control unit is a mere 6 oz. Superior optics 
and a 70° field of vision offer a precise, optically-excellent image. 


. . 
BIBLIOGRAPHY: Silberman, H.D., Wilf, H., Tucker, J.A.: Flexible Fiberoptic Nasopharyngo- 
* * laryngoscope. Ann Otol Laryngol 85:640. 1976. 
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Taken for relief of nasal congestion during five Apollo missions.’ 


ACTIFED* Tablets and Syrup 


INDICATIONS: Based on a review of this drug by the National 
Academy of Sciences — National Research Council and/or 
other information, FDA has classified the indications as fol- 
lows: 

"Probably" effective: For the symptomatic treatment of sea- 
sonal and perennial allergic rhinitis and vasomotor rhinitis. 
*"Lacking substantial evidence of effectiveness as a fixed 
combination”: For the prophylaxis and treatment of the 
symptoms associated with the common cold. 

Final classification of the less than effective indications re- 
quires further investigation. 














CONTRAINDICATIONS: Contraindicated in newborn or 
premature infants; in nursing mothers; for the treatment of lower 
respiratory symptoms including asthma; in patients hypersensitive 
to: 1) triprolidine hydrochloride and other antihistamines of similar 
chemical structure; and/or 2) sympathomimetic amines including 
pseudoephedrine; in patients on monoamine oxidase inhibitor 
therapy (see Drug Interactions Section). 


WARNINGS: Use with considerable caution in patients with: 
increased intraocular pressure (narrow angle glaucoma), 
stenosing peptic ulcer, pyloroduodenal obstruction, symptomatic 
prostatic hypertrophy, bladder neck obstruction, hypertension, 
diabetes mellitus, ischemic heart disease, hyperthyroidism. 


Sympathomimetics may produce central nervous stimulation 
with convulsion or cardiovascular collapse with accompanying 
hypotension 


Use in Children: As in adults, the combination of an antihistamine 
and sympathomimetic amine can elicit either mild stimulation or 
mild sedation in children. In the young child, mild stimulation is 
the response most frequently seen. In infants and children, 
especially, antihistamine in overdosage may cause hallucination, 
convulsion or death. Large doses of pseudoephedrine are known 
to cause asthenia, lightheadedness, nausea and/or vomiting. 
Use in Pregnancy: Experience with this drug is inadequate to 
determine whether there exists a potential for harm to the 
developing fetus. 

Use with CNS Depressants: Triprolidine has additive effects with 
alcohol and other CNS depressants (hypnotics, sedatives, 
tranquilizers, etc.) 

Use in Activities Requiring Mental Alertness: Patients should be 
warned about engaging in activities requiring mental alertness as 
driving a car or operating appliances, machinery, etc. 

Use in the Elderly (Approximately 60 years or older): Anti- 


histamines are more likely to cause dizziness, sedation and hypoten- 


sion in elderly patients. Overdosages of sympathomimetics in this 
age group may cause hallucinations, convulsions, CNS 
depression, and death. 


PRECAUTIONS: Use with caution in pavens with: history of 
- bronchial asthrna, increased intraocular pressure, hyper- 
thyroidism, cardiovascular disease, hypertension. 


DRUG INTERACTIONS: MAO inhibitors prolong and intensify the 
anticholinergic (drying) effects of antihistamines and overall 
effects of sympathomimetics. Sympathomimetics may reduce the 
antihypertension effects of methyldopa, decamylamine, reserpine, 
and veratrum alkaloids. 
ADVERSE REACTIONS: The most frequent adverse reactions are 
€ 
` General: Urticaria, drug rash, anaphylactic shock, photo- 
n excessive perspiration, chills, dryness of mouth, nose 
and throat. 
' 2. Cardiovascular System: Hypotension, headache, palpitations, 
n cardia, extrasystoles. 
aeematologíc System: Hemolytic anemia, Viromboetapeniai 
d ire at 
4. Nervous System: Sedation, sleepiness, dizziness, disturbed 
coordination, fatigue, confusion, restlessness, excitation, 


nervousness, tremor, irritability, insomnia, euphoria, paresthesias, 

blurred vision, diplopia, vertigo, tinnitus, acute labyrinthitis, 

hysteria, neuritis, convulsions, CNS depression, hallucination. 

5. G.I. System: Epigastric distress, angjexia, nausea, vomitifig, 

diarrhea, constipation. "i: 

6. G.U. System: Urinary frequency: difficult urination, urinary cos. 
retention, early menses. 

7. Respiratory System: T 


Thickening:c 1S, See 
tightness of chest and wheezing;.nasál stu “s ; 


OVERDOSAGE: Overdosage reactions. may ‘vary from central = ~ " 
nervous system depression to stimulation. Stimulation is . 4 
particularly likely in children. Atropine-like signs and sym) 
dry mouth; fixed, dilated pupils; Posh mE gastrointéstin 
symptoms may also occur. 
If vomiting has not occurred sponintiaously the patiënt should E 
induced to vomit. Precautions against aspiration must be ta ken, 
especially in infants and children. If vomiting is unsuccess! : 
gastric lavage is indicated within 3 hours after ingestion e ever 
later if large amounts of milk or cream were/given beforehand, * 
Isotonic and 1/2 isotonic saline is thé lavage solution of choice; 


Saline cathartics, as milk of magnesia, draw.water by. Gsmosís Ínto 
the bowel and therefore, are valuable fof théir action in rapid 
dilution of bowel content. Stimulants should not be used, 


Vasopressors may be used to treat hypotension, 


DOSAGE AND ADMINISTRATION: Dosage should be individ- 
ualized according to the needs and the response of the patent, 














Usual Dose: 




















Syrup .. 
lesiyodilio (5 cc) 






Tablets 


Adults and children 
12 years and older 


Children 6 to 
12 years 
Children 4 to 
6 years 


Children 2 to 
4 years 


Children 4 months 
to 2 years È 
HOW ‘SUPPLIED: 


Actifed® Tablets — Bottles of. 100 and Tope a init do 
Actifed® Syrup — Bottles of 1 pint andi} 1g on. 


Unit of Use: 
Tablets — Bottles of 30°and 100 with chitd 
Syrup — 4 oz bottle with child-resistant,cap. 


Reference: 1. Johnston RS, Dietlein 
Biomedical Results of Apollo. Washin ; DC, 
Aeronautics and Space Administration, 1975, p 63. 


ACIT DO 


Each scored tablet contains ACTID* 

SUDAFED* (pseudoephedrine HCI) 60 mg. t 

of syrup contains ACTIDIL” 1.25 mg and SUD4 — 
et 


Table: - * 


You can 
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téplacémen: rostheses are preferred because they are made . 
linically proven* Proplast.allows férrapid in h of tissue and maintains’ 
pau Xomeds eealar cente these preferred, rivus 


Bia uci Rae Pi Y 1 


ed Latge tympanic pad of Proplast allows” 
iy. tissue ingrowth and ‘stabilization 

e Hollow medial end of shaft fits easily over . 
‘head of stáfies for positive: positioning.’ 
Solid lateráFénd of shaft permits better 
‘sound conductance. - 
e. Shaft made of medical grade ‘silicone | 
~ elastomer prevents adhesions. °° > 1 
e Available in 6mm length , * | 
e Can be trimmed to fit any anatomy 
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j dm best. Hance um used in 
~~ any ossicular replacenie nt prósthesis . : 
“= @ Porous ends promote tissue ingloseh and — 
stabilization. A 
6 hk es z^ may | bei 
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“Mary Grace Cooper and M per's two sons, 

- trol and indicated their determination to conte 
standards, to provide the best possible scientific information ava : 
-and to keep subscription costs at a level which will ME ee ANNE: Eq ac to 


-year or two: each of our major journals has accumulated a] 


i with which the ANNALS is not in communicati 


d 
Mx kc 


p. 
k m friends throughout the world, peace in the M 
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"Another year has pássed: and.'some. Mao 
ANNALS family. Following the death of the publis 


“y 
inform 


everyone who wishes to stay abreast of the lat i 
: xus Board. par je 2 
e Review . dé ELE 

: Senior Mm 


who have served a 


We have planned for some years for a reorg 
of this program we have combined. the Board of E 
and have rotated to.a less demanding position. on. 
Advisers those members who were appointed prior 
long and effectively. During the ensuing year we pla 
Board those upon whom we have called or will call: 
years; those who have provided us sound editorial counsel and 
the arduous and time-consuming job of critically evaluating. 
which are submitted to the ANNALS... ZEE 0X 

We have been publishing *Grand Rounds" held at various 
otolaryngology including Massachusetts Eye and Ear Infirmary Jo: 
School of Medicine, Albany Medical Center, University of Iowa. De 
Otolaryngology and Maxillofacial Surgery, and Otolaryngological Clinic: 
University. The process of obtaining rounds that are: informati s 
requires extensive planning and time-consuming transcriptions and. e 
have many promises of rounds which will meet these standards 
provide these to our readers during the next year. uu 


The past year has seen one of the most striking changes: 
long time and that is a veritable proliferation of new scien 
four have or will soon have their first issue before the specia 
major change in our discipline for a number of reasons. First, 
one has available for journal study will have to be budgeted even : 
and selectively. Second, we have some concern that the creative produc 
our specialty will be adequate to fill all these journals with papers of high 
Third, the publishing costs will inevitably rise faster than inflation. ~- : 


We can think of several reasons’why this is good for otolaryngc 
be far from a disturbing phenomenon for natural selection will, as ever, ¢ 
and the fittest will survive. Certainly, the ANNALS will c i 
seeking out and accepting primarily those papers which meet thi 
of scientific endeavor. We have also seen a concurrent phe 














































accepted for publication. We wonder why this has happened. " 
seems to be the burgeoning number of otolaryngologists p 
the dry years of the 1950s and early 60s. These young n 
have something to say. Further, it is not unreasonable t e that 
existence of these new journals, some quite mission-oriented d 
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A 
creative work for us all to share. Thus; we welcom the new 


them success. *. 
ucces | hea 

family of all people throughout the world. In. one sen: es 

has shrunk the size of our world but in a finer and a m 


ES 





Through papers submitted and resulting cont 


ligent communication has broadened our involvement: nd. 
It is our hope that the year ahead. will bring inc 


of relationships in all of China. 
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INTERCELLULAR.FLUID PATHWAYS IN THE ORGAN OF 
CORTI OF CAT AND MAN 


Josera B. Navor, JR., MD 


"BOSTON, MASSACHUSETTS 


The intercellular junctions in the.organ of Corti of cat and man were examined with the 
electron microscope. In contrast to the zone of tight junctions, or zonulae occludentes, which 


were present at the surface of cells ning 
zation among the cells of the tympanic 


the scala media, there was no tight junctional speciali- 
amina, perilymphatic lining cells of the scala vestibuli, 


basal processes of the. supporting cells of the organ of Corti or cells of the Spiral limbus and 
i 


spiral 


gament. These findings suggest the possibility of fluid continuity between the scala ves- 


tibuli and scala tygpani all along the cochlear duct. Morphological evidence for an intercellular 
diffusion bari as pices only at the endolymphatic surfaces of the cochlear duct and be- 


tween pm éSses o 





f the physiology of hearing. 
“both the sites of diffusion 














limbus, and spiral ligament. Conversely, 
“the -boundaries -of ..the endolymphatic 
timent have been. defined by 
include the. reticular 
an of Corti, Reissner's 
the basal cells of the 


tructural correlate of 
r has been greatly 

y recent ultrastructural 
advances. The first was en bloc 
“acetate staining, which allows 
ter resolution of membrane speciali- 
zations” The second was the use of .the 
freeze fraeture technique; which allows 
study of the surface of apposed cell 






membranes. The zonula. occludens, or 


tight junction, which is considered to be 
the structural ‘substrate of the intercel- 
lular diffusion-barrier,? has been demon- 


Hi M ^ eee. Et 
m pie Department of. Otolaryngology; 
E: nfirmary, Boston, Massachusetts. 








the basal cells of the stria vascularis in cat and man. 


strated by several authors’ to line 
the cochlear duct. Although the morph- 
ology of the diffusion barriers has been 
well-described, little attention has been 
given ,to the morphology of potential 
fluid pathways,.implied in extracellular 
tracer experiments, and in particular 
whether there is evidence for a fluid 
continuum between the perilymph of 
the scalae vestibuli and tympani across 
the cochlear partition, in addition to the 
macroscopic continuity at the helico- 
trema, Furthermore, although morph- 
ological similarity between the human 
abd lower forms of the vertebrate inner 
ear is assumed, there is little data on 
intercellular junctions in man.!5 


"Therefore, the organ of Corti of the 
cat and human was examined with the 
electron microscope in an effort to de- 
termine morphological evidence for po- 
tential fluid pathways within the coch- 
lear partition. 





METHODS AND MATERIALS 


Cats were anesthetized by intraperitoneal 
injection. of pentobarbital.. The arterial system 
was perfused via. the ascending aorta with 
normal saline followed by 2% glutaraldehyde 
in 0.1 M phosphate buffer at pH 7.4. The mid- 
dle ears were exposed, and the scalae vestibuli 
and tympani perfused with the same fixative 
via the oval and round windows. The temporal 
bones were removed and immersed in the same 
fixative overnight at 4. C. A small opening was 
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brane in the cat. At a tight junction the outer leafle branes of the apposed 
cells fuse at a series of points (arrows). Desmosomal (D) specialization, often ound 





2 x Tus 
Fig. 2. A tight junction between the interdental cells of the vestibular lip underlying RA 
the fibrillar matrix of the tectorial membrane (TM) in the cat. The outer leaflets of the 
apposed limiting membranes fuse at a series of points (arrows). z 


4 i i a 
Fig. 3. In the osseous spiral lamina of the cat, the bony (B) walls are incomplete. 
No tight junctions were found between the cells of the panic lamina (TE );: ining the 
scala tympani (ST), nor between supporting cells (SC) around neurons, À. wide extra- 
cellular channel (C) was often seen between neural fibers, connecting the'scala EAS x 
with the contents of the osseous spiral lamina and the connective tissue matrix whi | iS- 
continuous with the basilar membrane. ` ME DC 


















"ig. 4. Peripheral to the osseous spiral lamina in the human, open intercellular spaces 
ws) were present between cells of the tympanic lamina (TL) which separate the 


ons (N) from the scala tympani (ST). An occasional desmosomal junction 
. between mesothelial e AES j 








-acetate in distilled water for three hours, de- 







à E 
for two hours. The otic capsule was- then or’, bet 
célls à 









all extra- 
vala tym- 


Human material was obtained from four pa- 
tients who died of renal failute, cardiomy:: 
opathy, and carcinoma of the lung. Initial fix; . 
ation was achieved within three hours. after 
death by perfusion of the scalae vestibuli and - 
tympani with 2% glutaraldehyde in: QAM phass EOS 
phate buffer at pH 7.4. The temporal bones `t 
were immersed in the same fixative overnight; :” 








The otic capsule was skeletoriized with a. sure: 


A, and con- 


phate buffer, and postfixed’ in 2% osmium’: p NEC material 5 lacs 


hours. After a bri 
the tissue was stained en bloc with 2% uranyl 


hydrated in graded alcohols, rinsed in pro- 
pylene oxide, and embedded in Epon® mix- 
ture, a. 









Sections were stained with lead citrate and - m ; V à pi P ht fants 
examined with the Siemen’s Elmiskop 1. p There € no. tight juncti 





between thé“ supporting cells of the. 
RESULTS organ of Corti. just above Es basilar- 
M M. FD june . 
_ The distribution of intercellular junc- eae botnet aero mG hae he Fi. 
Hons in the organ of y a cat € ready been described: "The intercelhi: 
be des ritad the ee anc dence WH" lar spaces are occasionally quite wi 
ilk ies together. between supporting cells (Fig. 5). pre 
Tight junctions, or zonulae occlu- ducing: spaces lined by villous.projec- 
dentes, were found only at the surface. tions of the "adjacent supporting. ells, 
of cells lining the scala media and be-. reminiscent of bile canaliculi. S 
tween processes of basal cells of the [SW ME E 1 
stria vascularis. Cross sections of such  , | the spiral ligament no tight junc- 
; ; ; 9 tions were found between cells. On the... 
a junction (Figs. 1 and 2) showed that : the exttaceliuli aces Weil" 
the outer leaflets of the apposed cell b. de d a ina bx T xw cked 
membranes fuse at a series of points Abo 2H aen t y e The ib illar 
along the membrane surface. Desmo-  Hbri^ar connective tssue.’ ihe 
; . basement membrane between: the en- 
somes are commonly associated with ; c 
H "oo dolymphatic and perilymphatie layers 
tight junctions and together form a f Rei A b “Wan tinuous 
“junctionalcomglet” of Reissner's membrane was contin t 
with the connective tissue matrix of the : 
In contrast to the tight junctions spiral ligament under the stria vascularis — * 
found at the surface of the scala media, (Fig. 6). There were no zor ulae occlu- 
there were no zonulae occludentes be- dentes between the mesothelial cells - 
tween lining cells of the scalae vestibuli -of the scala vestibuli, which line the ` 
or tympani. In the osseous spiral lamina perilymphatić surface of  Reissnersi. 
(Fig. 3) the bony partitions were com- membrane and the bony walls of: the. 

















WE -Fig. 5. Between basal processes of su porting cells (SC) of the organ of Corti, above 

“thé basilar membrane (BM), here in the human, there were no tight junctions.. On the 
‘Contrary, the intercellular space may be wide and lined with villous projections;of the ad- 
« jacent supporting cells, .. : : AE 
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Rá T M d. CAQTTNE M, IA 
Fig. 6. At the spiral ligament attachment of Reissner's membrane (RM), here in the... 
. cat, there were no tight junctions between perilymphatic lining cells of the scala vestibüli, - ss., 
` (SV). The basement membrane (MB) between the cells of Reissner's membrane was egne Us 
tinuous with the connective tissue matrix (CT) of the spiral ligament. In contrast, éven 
at low magnification, tight junctions (TJ) were easily identified between cells lining the 
scala media (SM). No 
Fig. 7. There were no tight junctions closing the intercellular space (arrows) at the + 
scala-yvestibuli (SV) surface of perilymphatic lining cells (PC) near the attachment of | ^ 
Reissner's membrane to the spiral ligament, here in the human. Gap junctions (GJ), 
however, were common. 1 
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ace (arrows). is n eet between the scala vestibuli (SV) and- * 


ji ace between the perilymphatic lining cells of the scala -' 
achment of Reissner’s membrane, here in the human, was E 
py REG 













"x 


^ Scala; Media iux 
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spial lamina 
‘nect, thé:scála t 


















tynpanic lamina, basal processës:of th 
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eT ‘junctions . „(zoni [e T: DNE 
ing the: 'endolymphatié surface... ^. ` 
cochlear: duct-and ‘their: àbserice- ° 
supporting..cells on ‘the’ scala ;. s: 
surface of. the: basilar ems c 
ese data ‘support ‘the’ con- 
diffü on. barrier at.the 
lyriip suxface-óf the ‘cochlea : 
andthe absence of sucha: barrier’ ‘be- - 
tween: the basilar inembrane. and the” 
x aid spaces of Nuel 
RENAE also - “been 

















S xm prie iu In mg 
ie .occludentes are mot presentin 
gament^ 29.- 






suggested. id [: Cons : 
horseradish peroxidase asan the. spiral 


ktracellalar" beue ‘oe The findings. ‘of ie. present study S 
foxidė db readily. ‘passes 2 provide morphologic ‘evidence for tlie J^ 
ough the‘basilar membrane into tun- :: “absence of diffusion. barriers‘at the-cells *. 
nel "spaces: and spiral - limbus. 56. How of the: tympanic ‘lamina, , osseous: spiral - 
er, Angélborg’® suggests that" the: in- amines basal surfaces of. the supporting 
tpre retation’-of an extracellular location cells of. . the organ: of Corti, perilym-- 
this: tracer “is: subject to artifact and. phi tic’ lining cells of the scala. vestibuli; . 
t fluid continuity spiral ligament, ‘and. ‘the spirál- limbus. -. 
i erübrane "between: indings'suggest fluid continuity - 
pani and’ Corti's s spade. Tas : . between: the: scalá?vestibuli and scala ` 
Ny these’: echnique _. 7 tympani "along. the entire length. of.the.: 
1 "cochlear duct via-the.limbus and'spira 
garment, in igdi thé; helicotrei 
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Qoid: juny and other parts: o ; 
ody have “been recognized for many.’ 


tanding oftheir behavior in the, head: 
and. neck region has been documented.. 
Previously :described; cases have in- 
volyed the ‘supraclavicular ‘and ‘cervical 
regions, facé:and scalp. A search of the 
-i&rature fails to reveal any: reports of ^ 

f Ongenital- lesion of the. tongue. 
ication shares. the 'experi- 
le "Case. ‘of a 16-year-old male 
jTéssive fibtomiatosis, of the 
tongue. A review of the 
g. features: ‘and behavior of 


















nal pariétes* Aecérding to Musgrove and 


. which was probably a desihoid in 1832. 
` Muller? is attributed credit for ‘coining 
thé term. “desmoid” ‘to; ` designate the. 
tunior as oné-of tendon-like consistency 
(3898. More recently ` ‘the rubric ;Inus-, 





‘ar uncommon, Ideally aggressive: Jei th niay  dávolyé- the. “structures of 
k. They are most commorily found in:and along the fascial-planeg.of the neck 
Glve-other - -structures, including 4 the oral cavity, 

ual case of. ani extra-abdominal- desmoid 


years. It is orly-recently.that an ünder- Ps exists. as to the classification. of — 













. : McDonald;" Z Ma farlane? of Glasgow . 
- first described. di^ abdominal’ tümór 






spose, nasopharynx. 











tumor ) 


x ee favor of i ies becirise. 
of its. accurate and descriptive nature. 





Stll^a- considerable degree. of con- 


these lesions. Batsakis ‘helps to eluci- 
date this. problem. He feels that these 
fibroblastic. tumors: delimit a spectrum 


of histologic variants. At either extreme 
‘Ties’ the’ 


eloid and: fibrosarcoma. . In 
between range the diverse appearing 
musculoaponeurotic. fibrous lesions (ex- 
tra-abdominal desmoids). + Batsakis dis- 
likes, the term "desmoid" because it does 
not convey : the existent:cellular diver- 


sity (desmoids classically are mature 


appearing, .acellular lesions). _He pre- 


d fers the term fibromatosis which, is. sub- 
_ -classified ` as e; 





"aggressive," ""juven 


"multiple. 













* established over:the yéars. The tumors, 


though. not: ‘commonplace; have been 
observed frequently enough to warrant" 
sürveys b As their location and 
; Wilkins et-àl.cite.an TIZ 
desmoid ‘tumors occurriñg- 







fie neg ok “and ` neck.*.: Masson “and 
rtéd*a series. of 84 patients 






vor para- ; 


congenital,” - etc. Fibromatósis- 
| implies à tumor which is mor 





. The.: : appearance “OF éxtra-abdominal ne 
” fibromatoses, in: regiöńs such as the ex- 






LU 





t 





and réck'desmoids.:Eighty - >- 
thése tumors tere. lod ted: :- 





' fremities and. head -and neck "has been. ju " 





7A 








i patients, > 








“eases: involving the: oral cavity, nose‘and.: . 
: .pariünasal - -sinusés.: -N 
found in the tongtie‘or soft palate.:Stout : 








3 male infants who died during the first : 
‘month ,of life and were; afflicted . with. . We 
: generalized * fibromatoses. Both had a —— ve 


. tongue‘and floor:of mouth éxtending: medially . 


z talia and extremities - ‘evidenced no additional. 
: de din ; 





3 weighed 22 gm. Grossly, tlie cut. “surface af t nd 
* “mass revealed. brown and'white fibri 
` i witht ses Sas ee surface, Thé tissue 





neck . rea SES ehesk) z 


scalp”:t 13%). There are a few pes e 











reviewed a Series.:of . fibromatoses: in 





eases involving the tongue.. Both: were 


numerous lesions of the skin, extrem- 


.ities, and viscera (heart, diaphiagm, <; E 


lungs, larynx, esophagus, etc). From . 
the multiple lesions described. this ap-.. 


CASE REPORT 


J. M., a 16-year-old Caucasian mate’ was. qe: 
ferred with a six-year history of a mass m ‘the - 


` left side of his tongue “posteriorly. The- lesion 


of the tongue had been P CA "biopsied 
and was called a low. grade fibrosarcoma..-He 
complained of fullness in his mouth and öc- 
casional otalgia while eating. Loud was no his- 


_ tory of dysp agia, dyslexia, dyspnea, päin or 


leeding. No other syrnptoms 1e erable to the 
head and neck were noted. « 


Physical ‘examination revealed a healthy 16- 
vest male in.no distress. Head and neck 
tion showed no: external masses. The . 
es: and,nose wéré' within normal limits. 
The ‘dropharynx revealed several missing teeth , 
and-a 4 x:9/ em hard lesion. at the left base of 





to the-midlineand posteriorly and inferiorly to - 
the vallecula; The face, chest, abdomen, geni- 


ütient was prd i: tlie operating” 


5 aa a ere.a lateral pharyngotomy- approach 
.to the t tumor was’ performed. "Thé resected le- 


sion. which dppearéd to have: clinically ade- 
quate margins was sent to. pathology. for. éx- 
amination. The wound was’ ‘closéd: primarily. 


Fostoperatively the patient did well; experieric- 
' ing only.slight. furem. and- -swelling of the, 


tongue; À low. grade f fe d mit 


antibiotics, ^... 
The Specimen üeasured- 














exhibiting -a: fibrous 
“the. lesion showed Ei 
$ ve. 


“No. lesions . were | 
































children? arid was able to document two ;:$ 


QA E 
_| .péars to be a different, disease than the.” -: NS 
topic under: discussion. BE ae a a 


bros: tissue D "m irite oV 
fibroblasts witlr -seattered - lymphocytes" j 
plasma cells. The fibroblasts’ were;faiily; 
form with, large’ DES zand.: in 
boundaries. ( Fig..13?. The. turnog ‘shows 
demaréation from the: striated. niusd 
fibrous near the “mass márgins 
pathological diagnosis was åggressiv 
tosis and eh roni "inflammation. M 





Speculation’ as s 40 th tidlogy of des- . 
moid tumors has:led;to. séveral poorly 
-substantiated theories: One theory holds 
that the fibrous. overgiowth is due to 
trauma.” A high incidencé of abdominal 
desmoids has .bàen recorded following. 
. violent muscülar contractions of child- 
* birth? Varying. degrees of^ ‘trauma’, are 
uimputed to the tongue through. liés 
È "biting ^U o0 sucking’. and. 
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as Maud "cause. 














£ibrornatoses. High levels of estrogens 
and -pituitary, gonadotropins have been 
isolated: from -some of the: tumors"? 
ough, including the pa- 





tion: of . their. sexual 
hivtical characteristics, Fur- 
oth; male females are 





‘the: muscle: ‘proper: but. 



















tongue may account for this organ’s. in- 






ous tissue planes of the- neck Tegi 
omen .and extremities. : 


37. 
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Yophy of. surrounding 





th 





* 330 patients : 


of, fibrosarcoma: had. their-pathology re-: 
‘ viewed. In 113 cases.the diagnosis was. 
changed ‘after: çařëful evaluation. Sillet.. : 
"and "Kàtonkamp!*. compared ` fibroma-: 
rosarcomás under light and - 
p. concluded. T 








S CH IwAnBz WARD 


‘have: had no evidence . 
muscle’ célls, and a partially: discon- 


terial at the outer ‘cell surface.’ Fibr 
* ‘sarcomas’ ‘showed His trait less Frequent: 


+: ly. 





seuloaponeurotió * structures. “A lack 
of well-developed fibrous; septa in:ihe.: ee 
“This may be.due to the-facultative. na- 
turé’of the fibroblast which lénds itself. 
"oto variegated - "histologic .patternis, As 
"4. previously. stated,’ fibromatoses are: felt 
to develop’ "froni - ;piusculoaponeurotic" 
sheaths, The. palate and. tongue do have: 
-fibrous;septations, albeit modestly de-, 
~veloped:, Perhaps this is why the diag- 
nosis’ is ‘made ‘so. noe in these. 
regions. , 


frequent. involvement compared. to. oth F. 


he histology of musculbaporieurótió 
fibromatoses is’ exceedingly. interesting. ': 
Classically, fibroblasts -of ‘uniform’ size: 
andshape. with an. abundance of.:colla=". 
gen are found. Scattered mitoses may be - 
present but no anaplasia is detected... 

ion: to-lymiph. nodes has” been ` 
dit but; no- distant metastases are ` 
"This benign appearance is * 
"The tumor infi trates :sur-;. 
nding, issues in an unrelenting fash- 
`. reduction of tumor size have been wit- 






Structures. ‘may:. be en-, 
ing “neural; _cireula- * 


a ior in “Which 

a histologic diagnosis. ° 
.erves,cán make* resection ‘a difficult: 
task; Surgical expertise in this*drea is.a 


*head and neck. desmoids. A conservative ' |. 
approach is ünwise:and: xinsatisfactory-- 3: 
'as recurrence of the tumon, £ as noted t 
';above, is high, . © o 2s: t T 












“ary,” "Glasgow. D. Robertson, 63-66, 1832 "i. 






hat "fbrósatcofna . has no light. piictó- 
scopic correlate, ‘Under thé. electron 
microscope ‘they: ^ pere th 

moids possess. microfilament: bundles 
with a resemblance: to’ those“ sitioüth 









tinuous basement meimbrane-like : ina- 





. Serious consideration. must be. given d 


i to: the fact that many of these fibrous —^ =, $" 


lesions may be ultimately misdiagnosed. 





A number of treatment modalities for 
fibromatoses have been’ éxplored. Hor- 
monal therapy! and irradiation! have ` 
been, tried: with limited long-term 'suc-. 
cess, According to Hunt,*. responsés in 


nessed : but eventually there is recur- 


rence ‘of the tumor, When inaccessible | 
-sto surgical resection, these modalities. - 
blé growth ‘of ‘desingids T 
‘acheo-: 
: the treatment: of choice. Récurrence has . 
: ‘been eponéd, in as high | as.50% of the 


are possibly ‘worthy ofa clinical trial ^ . 
Wide--and- radical surgical.. 'excision is 





cases. t recurrence rate.is felt. to — 





. bei “due to inadequate. resection. ' 


' The prognosis of this tumor depends ` 


. upon the’ size ahd location. Insinuation: `- 


of tumor, arourid the’ great vessels, re- 
spiratory passages, cranial and cervical 





requisite for adequate ` treatment ‘of 










tice of the. ‘Glasgow oyal me 





surgical p 
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HOCENESIS of: SINUS EMPYEMA 


- Cease Cena MD 


STOCKHOLM, SWEDEN 


1 


nt in ihe pathogenesis of sitius empyema is the ostial TEATE On the 

ine consequences. of the. obstruction on the local bacterial-host in- 
ip. Ji been - outliried,. The ;ánaerobie. gas environment of the empyema is one 

quality itiportant tó the selection of bacteria but probably also.to the efficiency of the anti- ` 

. “bacterial fae „of the granulocytes. Release of proteolytic enzymes from neutrophilic granulo- 

. cytes 3n the sealed sinus: "may jeopardize the bacterial engulfment. dué to proteolytic degradation 

. ofcbpsonins. ‘A longstanding ` exposure. of” the: sinus mucosa to ‘uninhibited EPIS HO enzymes 

mia ‘explain the Trrevetsible: lesion" ‘of the mucosa, in chronic sinusitis. v 





T Sinüsitis reférs to ‘an E ^  gublects with: a history | of recurrent si à ~. 
process of the mucous: membrane lining -< nusitis. The ;ostial occlusion, however, v 
tHe, paranasal sinuses ‘and. is -either in- “causes. not only impaired drainage of .. 
fectious;or' noninfectious; When bac-. sinus secretion but also influences the ' 
teria enter thé sinus “cavity through the’. composition of the.gas in the sinus cav- 
ostium, accessory:.openings, „or through . ity. As in.other poorly ventilated bio- 
communication “with. the oral. cavity, <; logical gas pockets, an absorption of 
formation ` of purulent. sinus secretion ` 'oxygeri ‘takes place.* When the ostium 
j follow, giving ‘rise to. sinus. empy-... of the normal sinus is blocked, oxygen 
eina; Empyema of non-dental - genesis is ‘is absorbed:* This absorption is. perfu- 
tisidered. to be preceded by á viral or’ sion-limited but a major part of the ab- 
i alletgic stage when. the nasal.and. sorbed oxygen is considered to be con- 
par nasal «ini 


















mucosa are ‘hyperemic and, sumed. 5 ie sinus mucosa.® In normal 
ility -of the. ostium is.de- subjects ‘the - average oxygen tension of 
zsealed-off situs that fails thé sure sinus is about 17% (16 
lysis prone-to become sec- kPa) when the ostium is patent? In pa- 
cted:by ‘nasal ‘bacteria,-but tients: with maxillary sinusitis the oxy- 
athóphysiological events in — gen.tension of the antral gas is reduced? 
ént of é pyema have not “and sometimes to: levels considerably 
i.. The imatióri “of Y ‘lowe than could bé expected. 

‘ventilated gas pockets ‘or :occhide 
nuses. -As the possible implication of: ån 
oxygeii consumption in the diseased. si 
‘nus’ is. æ bacterial-host interrelationship. 
in. favor of certain bacteria; such ancal- 
“tered gas composition could. beo 
“portance: in the -pathogenesi 




































The ostial perinei 
reduced. in acute:siri The oxygen’ ‘tension, “th 
“ide: tension, . the: occ 
“and inflammatory. cells’ iñ retained ‘së- 
` eretion from . human, :maxillary | sinuses ` 


have: cut bein, -détermined. 78 The. 


srecovery.. st: 
improved. 









r er ‘the oxy- 
gen. dension was i cree pus ‘than in 
podes Bag ‘of the sr sinus, i and car- 
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Serons © 1... 
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mean*. 12.3 5.2 p * 
.. range 4.9-20.5 Ll 3-13, 2." 
“= Purulent Ee 
| n 30 t 30^ 
mean . (Qi RPM 10.7 . : 
range | - 0-12 ° 5443. 3*5. 





^ Median. Deflection at contròl 0 


**Highest. scale readin 


ea dioxide: fad. Serua. Strépto- 


zi, coccus pnéumonide "prédominated ' but - 


"bacteria were never isolated. In. the : 
purulent secretions the oxygen content ~ 





found, particularly in sécretions with - 
growth of anaerobic bacteria: S; pneu 
moniae were isolated in pure culture in 
half of these secretions but Haemophilus 

. influenzae and anaerobic ‘bacteria. such . 
; - as Streptococcus intermedius and Pepto- ` 
streptococcus anaerobius were not infre- 

quent findings. The ‘bacterial. growth | 

was always. heavy - in. contrast to. the 


vo Bacterial-hos 


tk a phase’ of sinusitis, secré- 
ainly-: of ‘sérous. character; is pro: 
the Sinus mucosa? and i is x 









"tive ‘sinus pressure, diié. “to, air val 

. tion in the sealed Sinus* 6 "from: A; ae 
acting: ostium. oñ. ing. 

tion máy provide: a. ‘st 

mediuni: for-;bactéríal pee d Th 

“growth?c f pneumbo ci and H; ADM 











9.8. 






‘sin about half of these secretions. no ‘bac-; | 
terial growth was. found and‘ anaerobic: - 


was zero or closé to zero. A pronounced: : 
accumulation .of carbon dioxide - was’ ` 

























1l © a 
«RAO 
E Ox10-7.2x10* - E 





: ». ige ES 
7 amo” 
I0x10-7.7x109 .. 





di gas Énvifonment in. the sinus. m 
ing this”serous phase will -bettet reet © +“: 
the requirements ..for -:the growth 
those bacteria. whicli.are most, comm 
“dy isolated inacute ‘sinusitis, i6 pne 
"mocoeci and H.. -influenzae. 32" Pneumo- 
cocci: in log- phase máy further reduce: 
: the oxygen’ tensión. of. the; environment, 
. and: create. a’ "hypoxic or ànoxié state.’ 
An “increasing number of. grànuloc; 
“in the secretion may also contribute: 
„the anaerobic gas. apis of. US 











growth. in ‘serous. secretions and.. the, . frequé 











thi aer 1 
-empyemai This süggestio 3 






ediy “of:sinus’ empyema. canbe ampli 
n by the consequent £c 


















are oxygen: de 

generates-hy- 

tericidal effect 
thé 


























cal infections | is. Een cule “of im- 
, paired phagocytosis.2+?5 Extremely. low 
levels: of C3 and C4 are ‘sometimes - 
' found: in. the retained-purulent sirius së- 
cretions: (Fig. 1), and occasionally these :: 
factors are not even demonstrable.?* The 
importance- .of these .low: complérnent , 
“levels, particularly of C3, to the efficacy ~ 
of. the local host defense is uncertain, . 
"but«might reflect a localized deficiency 
of complement which, indeed, may ex- 
plain why sinus empyema sometimes ~: 
-peisists; Also’ the levels of IgA; n and : 
IgM are’ lw i in pürulent secretion com- 
pared: fo; the’ serum levels’ t: (Fig. LY 
and ‘the titer. of specific antibodies to. 
aérübio envirdiiments; the c ütologous - pneumococcus’ is: fre-. - 
“empyema, neitlier "the bacteri .. ;quenth ow," The low: levels of. comple- 
r {hë granulocytes}? are able to gen- i ad immunoglobulins i ve pui- 
erate “hydrogen. peroxide: Hence,’ this ent situs: secretions may be due to 
consumption .'and insufficient "supply 


y potent dv peur] b fróm PA be and: from the mucosa. But 


oxide, nis Ae scoters pv ‘subs: 
celnbirnall y produced. in, the gran- : 

Althoug Presta, bacteria’ seem: TABLE à. MBCHANISMS IN THE | 

E] PATHOGENESIS: ‘OF SINUS -EMPYEMA ` 


Killed: by yis :oXygen; indepen i 
dent mechanisms of the graridlóoytes,* i AND IRREVERSIBLE :SINUSITIS 


thi strong. evidence “of .the-impor- D M S: 
eit ais en-tdegie vuent systénf DUE SİNUS, 21 eem 


VIRAL STAGR PV 












iln in 116: pürulent sinus, se 
Ai percerit pf corresponding serum , 






















































ede retained! secretion’ e 
Poor" aerat: xygen-dbsorption : : 
Carbon; dioxide accumulation... 

riment favorable to growth xe) faci 
ly: anaerobic bacté Ay 5A E 



















Keds anoxia: . P 
uds bactericidal | acy of. imio- E 















Secondary growili sf 
DO deas co. D 
. Release of. graíülocyte: proteases, 
Degradation of opsonin `, : 
Insufficient bake eh 


PE g oE "pnéumocoéci . is n 
; ^U largely dependent g ability toe : 
a. sist phagocý öst. The*p 
PUE üctéria is.oftén | 
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“dation mt irme: ad Qr dike ;brane? and lung tissue? „has been 
“enzymes released. from the granulo-; shown. Recently it was. “also demon- 
‘eytes.2%° This coricept is supported by strated that human.granulocyte protea 
thé large number. of granulocytes and ‘ses’ have à deleteriots ©: ct ie cili: 
: by.the high - proteolytic activity found ary activity of: r; gm vitro. 
in most purulent sinus secretions^* .. The host tissué sis “protec ted sbysérurr 
protease’ inhibitors’ Such!.assaq-antltryp 
ds Suggested mechanisms in the patho: sin and a;-macróglobulin -But "als 

: . genesis. of sinus empyema and thé.:;15 iG "nb "E: "E 
chronic sinusitis have been outlined in. E 

‘Table 2. Ostial obstruction: has-been ~“ 
. considered the crucial event, which has. 41 

- gáiried further support by the’ pa ao 5 


quences, of; the obstruction ön the: lecal. 


: “sue: icio be in the’ réspiratory’: ct. dn: 
- jenvironmént ~ ‘the“anderobic: condition puruleht" bronchial ` secretion hs pro: 
. and tlie decreased levels: of, ,opsoning $ 


-teasé inhibiting capacity ma ats 
chronic sinusitis, “defined ‘as an irrever: ufated, ‘resulting capacity m 
“ble sinusitis | or. sinusitis;. inc 


<: tivity: 3t In: purulent. sinus secretig 
conservative ‘treatment, injuries... “pioteolytic, activity. is. usually high:; 


and fibtotic. areas. of the: mucous mem pared'to the activity in nonpurulent sd 
brane. indicáte-a.seriou$^hamdicap to: iori?*. br 


the local host defense. Proteolytic en- 
zymes such. as collagenase,** ;elastase?* 
and chymotrypsin-like enzymes. released; 
from the ` neutrophilic. ‘ granuiloeytes 2 
may. be noxious. to tlie:host tissue; Dég. 
ridation of, vascular: ; basements" mem- 


























































plored;. but it can‘ be “anticipdted: 
similar-;mechaiisms-:are ‘involve 
“development * “of dreversible: lesiói 
` the ‘sing mucosa. sO a 
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EFFECT OF ENVIRONMENTAL n O: AND P 











Fxplants of. rabbit tracheal epithet um were pe 

` to different pH values for two weeks in organ culture. ing cul 
epithelium gradually changed fom’ pseudostratified. to 'strátified.: ind: 

goblet cell: density, “and in thé. amount’ of- PAS. positive. material’ in these cells." The-chatiges : 

- stratification were found to-be independen thi “of the ‘medium or the. CO; level,” ‘but 
proportions of ciliated cells and goblet cel affected by the CO./O: ratio and by- 

ordinated ciliary activity Was. preserved int most explants exeept-for thosé cultured: 

and.95%) óxygen levels. A néw: growth of e Peta gradually covered the exposé 

tissue. This new epithelial growth developed ‘the. panpe, expression of the original tissui 

gradually differentiated into‘ciliated: cells and goblet cells. At increased :CO: levels ard à high 

pH (7.7), differentiation into: goblet cells iricreased fourfold: while differentiation .into ciliated | 

cells decreased, These findings su S ugeest: that high: CO. Jevels promote gobl ét cell. „differentiation: ‘ 

and thus increase the propensity for-mucus secretion ‘in underated ‘epithelia: The elátion-of 

these results with-the fact that increased CQ» level present’ in the middle ‘ear 

pun otitis media may help to explo the oid increa :fn.the populat don 0 


cells in this disease process. 
? vat 


' k ‘ EA 
m E : 


Previous in’ vivd- j-and in vitro” e s. “thelium ‘of the 
ments have demonstrated that the dif: “experimental | 
ferentiation: of respiratory. inucosa. can . externa 
be influenced by environmental factórs it 
such as vitamin A,” SO,* tobacco 
smoke; the CO,/O, ratio*. and. a 
mation.^*. Clinical: obsérvatioris âs w 
as in vivo experiments: indicate th 

. tilation. of.the ear and nasal 
- feéts-the-differentiation of: pithélial lin- 
ving cells; For: example, i in séctetory. otitis . 
e His. EE “abundance. of. uus M 
ing.the middle ear-cavity, associated '." 
nr ‘increased number. of . oeiated = fory ot otitis rus 3 ae d. Mastic: 
secreting cells: This situation can:be ^ 1 tratión, may. be dun y relate, LOC Sut 
.. cured ‘or: alleviated. surgically . by: aera-. : 
“tion of.the middle “ear: cavity. In:con-.. 
trast, ih ozerà,.à disease fü.which the 
: Hasal -mucosa changes: into stratified : E 
"squánious epithelium, . closing ' of the. 
nares for long periods tesults in’ reversal: .. : 
of -the. ‘metaplastic’ changes ` in- the epi du 
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OF concentrations, and of *. 
"phe on.the DEDE. 






^" proné: “to di&eases 
. respiratory: epithe 
"easily isolated;. a 
and differentiates, in xime. a 





te 


E 
pis 9 m » hd The 















w i 
E into four” pieces. | 
tripped: : from - “pach: ‘piece of” 
: p e S. Five: to six 


pa 
Mo 


dium; 


P. 


"the CO. concentration „was car ihe. 
Me. ‘sired pH was obtained" by, the addition of. 
«~ carbonate to the medium ('Táble 1). honig: 
buffer was used: to maintain the pH. when’ 
` cultures were grown in air.("Táble:1 
composition of the’ gaseous” phase: was : ,fegu 
láted by means“of-flowmeters. During. thé.;cul 
ture: period, the pH-tended to-decréase by 0. 
to 0.3 units, especially: with. cultures’ growihg : 
`> inair, To circumvent:this pH change, explants - 
were transferred every "two. to ume e to 
: dishes with fresh: ‘medium. : E 


: Microscopy. Ciliary activity s at: th betihe 
. ery-of me explants was observed.in | liviüg cule | 
tures with a; pase: contrast miei Scope. qw 














For routine histologie. ‘examination, the é ex- 


B were fixed. in Bouin's: solution. "and em-'. 


~~ plants, Wire fixed atid*embedded at: one-da 
.. interváls ‘through. 12"days. of. culture. Subs 


B queni Pu hs. fixed and. embedded. a 
P m 12 days incultute. Sections were cut 2 ‘due ‘to: cell. death’: Became, more pro- 





Hid were stained with. PAS omata 








2 Hg WEISMAN- SADE 3 


e gaseous’ enviroment. ‘in particu] 


: a ltem. 


: suivives, r ws" 


3 each 


*-fator, in an 
'were"exaniined with:d Hitachi-HHS-2S scan- 
-ning electión- microscope. é 


En th. Earle's” i s 
bieubonste), with: ‘10%. 
f uw a 






















in order to detect ai substances. The pos- 
sibility’ of a positive PAS reaction due to the 
. presence. of. ,Eycogen was excluded by stain- | 
ing, a. number of samples . before" ‘and: after 


one Er phates cel Seely was. caleutied for 
o 














Eight day Rer were: d studied Wi l 
canning’ electroni ` microscopy, : -Samples weie.. 


fixed. in. 4%; glutaraldehyde. in -0.1M cacodylic 
"buffer. (pH 7.4); dehydrated in a graded series. 


‘of acetone and dried i in a Sorvall Critical Point 
apparatus using.CO: The specimeris were 
coated with D adium gold on a planetary ro- 

dwards vacuum evaporator, and. 
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: EP i RESULTS 
-Direct - ‘Observations: of. Living Ex- 





5 plants. Stercoscopic and’ phase micro- 


copic PUR was [os to evaluate 


 séen tó edhe tá the: udis of E ex- 
“plants. After 24 hours, ciliated areas 


he. with: synchronous. wavelike. movement ` ` 5 


‘of cilia were clearly Seer at the edges . 
of each . explant.” Çilia cóvered:'most of 
the periphery in ‘explants: cultured in 
‘air,. o% ` CO air; A6% :CO:/air, or Bb - 


E COs! 50%. oxygen. Increasing the oxygen `- 
“concentration. to. 052 affected -the ex- 


- plants abruptly, and by. five to eight 


: days of culture, most, of the cilia were . i 


~ lost: In 80% oxygeti, “however, :20% of 


"the explants still ‘showed some ciliary ` 


~ activity after 12 days: of culture: . 


During: the: culture: ‘period; there was -— 
+a continuous decrease iin. explant size. ` 
"This ‘decrease, which Wás presümably 





IN VITRO GROWTH OF EPITHELIUM 
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nounced after ten days. Both granular 
and filamentous debris accumulated in 
the mucus secretions surrounding each 
explant. This debris was usually con- 
.centrated on one side of the explant, 
suggesting that it had been swept there 
by coordinated ciliary activity. 


Histologic Observations. Light micro- 
scopy; was used to evaluate. both the 
maintenance of the differentiated state 


in the explanted epithelium and the ac- 
quisition of differentiated characteris- 
tics in new epithelial outgrowths. Each 
freshly isolated explant consisted of 
a pseudostratified epithelium covering 
a layer of connective tissue (Fig. 1). 
The epithelial cells contacting the free 
surface of these explants were either 
ciliated cells or goblet cells. The rela- 
tive proportion of goblet cells varied 
greatly in different explants, but usu- 
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ally constituted 10-30% of the surface 
cell population. A few explants were 
. observed to completely lack goblet cells, 
.and occasionally more than half of the 
epithelial cells were goblet cells. There 
were no submucosal glands in the re- 
gion of the trachea that was used in 


this study. 


Maintenance of Explanted Epithe- 
lium. The histologic appearance of the 
explanted epithelium changed during 
the culture period. In all of the cultures 
the epithelium became stratified, in- 
stead of pseudo-stratified, by eight days 
of culture. The onset of this change be- 
came apparent by the third or fourth 
day of culture. Concurrent with this 
change, the nuclei of the elongated 
ciliated cells moved into the apical cyto- 
plasm. By six to eight days, one or more 
layers of cuboidal basilar cells appeared 
(Fig. 2), and vacuolation became ap- 
parent in the basilar cytoplasm of the 
ciliated cells. Similar changes occurred 
in all cultures either in air or CO./air. 


Changes in Ciliated Epithelium. The 
proportion of the surface area of the ex- 
plants which was covered by cilia ap- 
peared to be’ affected by the culture 
environment (Table 1). Generally, the 
explants maintained 70 to 80% of their 
ciliary covering for up to 12 days in 
culture (Fig. 3). In air and 5% CO./air, 
however, raising the pH to 7.7 resulted 
in a decrease in the proportion of the 
surface which was ciliated to about 





50% by 12 days of culture. In air, lower- ` 
ing the pH to 7.0 also resulted in a 
similar decrease in ciliary covering. In 
contrast, neither the increase or decrease 
of pH levels appeared to affect the cili- 
ary covering of explants grown in 16% 
CO./air. When the oxygen concentra- 
tion was increased to 80% however; most 
of the ciliated cells were lost between 8 
and 12 days of culture. Similarly, in 95% - 
oxygen all ciliated cells were lost by 
eight days of culture. 


Changes in Goblet Cells.'The number 
of goblet cells was also affected by the 
culture environment (Table 1). At all 
the combinations of CO, and/or air 
there was a decrease in goblet cells to 
65% or less of the level in uncultured ex- 
plants during the first week in culture. 
A further decrease was observed by 12 
days of culture. Furthermore, the re- 
maining goblet cells contained less than 
normal PAS positive material. However, 
the density of goblet cells was some- 
what higher in explants grown in 16% 
CO. or in air at pH 7.4 (Table 1). 


The oxygen concentration also had a 
marked deleterious, effect on goblet 
cells. When the: oxvgen concentration 
was increased to 50%, goblet cells de- 
creased to about 20% of control level, 
and in 95% oxygen no goblet cells re- 
mained after one week in culture. 


Within 5 to 8 davs of culture, it was 
apparent that 95% O. was the most de- 


Fig. 1. Section through epithelium of rabbit trachea fixed immediately after explant 


preparation. Note pseudostratified arrangement of cells. C - Ciliated cells; G - Goblet 
cells; B - Basement membrane; CON - Connective tissue. (PAS -. Hematoxylin, X 850) 


Fig. 2. Rabbit tracheal explants cultured eight days on semisolid medium 199, 107 
FCS in 16% CO./air, pH 7.0. Note the arrangement of nuclei in the apical cytoplasm of 
"E wii d (C) and the appearance of stratification in the basal layers. G - Goblet 
cells. (2 a 


Fig. 3. Ciliated surface of tracheal explant cultured for eight days on a semisolid 
medium 199, 10% FCS in 16% CO./air, pH 7.4. (SEM, X 240) 


Fig. 4, Rabbit tracheal explants cultured eight days on semisolid medium 199, 10% 
FCS in 95% O./5% CO., pH 7.4. Note the low stratified epithelium (E), the absence of 
n = and of goblet cells. Degenerating cells (D) are sloughed from the surface. 


Fig. 5. Tracheal explant cultured for eight days on semisolid medium 199, 10% FCS 
in 5% CO./air pH 7.0. The connective tissue (CON) is covered by new epithelial out- 
growth (E). (X 185) 


Fig. 6. Epithelial outgrowth covering the denuded connective tissue (CON) of a 
tracheal explant. Explant was cultured for eight days on a semisolid medium 199, 10% 
ae 5 16% CO./air, pH 7.4. Note the newly differentiated ciliated cells (C). (SEM, 
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Explants with new epithelial growth (95) - 


Fig. 7s Percentage of explants with a 
new Outgrowtli-after 8 and 12 days of cul- 
ture on semisolid’ medium 199, 10% FCS 
in various atmospheric compositions. Fig- 
de represent number of explants exam- 
ined. A 


léterious environment. - The columnar 

... Cells were. sloughed and the cuboidal 
— epithelium became stratified (Fig. 4). 
By day 12, the stratification was usu- 
ally lost, leaving a single layer of squa- 
mous epithelial cells. Similar changes 
occurred in. 80% oxygen; but at a slower 
rate, Cytoplasmic vacuolation was more 
abundant in all explants cultured at 
high O, levels. 


Coincidental Changes. A. number of 
other changes were also seen in these 
explants. These include: 1) intercellu- 
lar spaces filled with PAS* material in 
the epithelium; 2) hyperplasia of the 
basal layers, especially in explants 
where epithelial outgrowths did not de- 
velop; 3) growth of epithelial cords into 
the connective tissue layer; these origi- 
nated mainly from the cut regions of 
the explant; and 4) loss of connective 
tissue cells and fibers. None of these 
changes. were consistently associated 
with environmental changes. 


Development. of an Epithelial Out- 
growth. In many explants, new epithe- 
lial outgrowth began to form during the 
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first two days of culture. This out- 
growth proceeded to cover the exposed 
surface of submucosal connective tissue 
(Figs. 5, 6). In a previous study! we 
have shown that this outgrowth devel- 
oped initially by a migration of a sheet 
of basal cells from the lesioned area, 
followed by a high mitotic activity in 
both the “wound” area and in the new 
epithelial growth. Initially, this new 
growth was a single layer, but in some 
areas the new epithelial layer was two 
to three cells thick by eight days of cul- 
ture. More than 50% of the explants 
showed fairly extensive epithelial 
growth. There was no significant differ- 
ence in the extent or appearance of the 
outgrowth at 8 and 12 days of culture. 
However, this new epithelial outgrowth 
was also affected by the culture en- 
vironment. The number of explants ex- 
hibiting new growths was reduced in 
environments containing either air at 
pH 7.0 or 7.7, or 16% CO./air at pH 7.0 
(Fig. 7). 


Cell Differentiation in the Epithelial 
Outgrowth. 'The appearance of the cells 
in the new epithelium was distinctly 
different from that of the cells in the 
original epithelium. Most of the cells 
were histologically undifferentiated, but 
some of them were ciliated or contained 
PAS positive material (Figs. 8, 9). The 
number of differentiated cells increased 
however, as the outgrowth aged and 
expanded. 


An attempt was also made to deter- 
mine the proportion of the differen- 
tiated cell types in larger epithelial out- 
growths that were clearly distinguish- 
able from the explanted epithelium. The 
numbers of ciliated cells, goblet cells 
and undifferentiated cells were counted’ 
in two histologic sections of each out- 
growth consisting of at least 100 cells. 
Even though these data were insuffi- 
cient for statistical analysis (Fig. 10A, 
B), they showed the following trends: 


l. The percentage of ciliated cells in 
the new growth was about twice as 
high in explants grown at low CO, at 
the same pH (Fig. 10A). At pH 7.0 
and pH 7.7, the reciprocal result was 


IN VITRO GROWTH OF EPITHELIUM 





Fig. 8. Surface of epithelial outgrowth 
of a tracheal explant cultured for eight 
days on a semisolid medium 199, 10% 
FCS in 16% CO./air, pH 7.4. Note the ap- 
pearance of ciliated cells (C) at different 
stages of development and the appearance 
of cells with microvilli (M). (SEM, X 
1220) 


Fig. 9. A) New epithelial outgrowth in 
tracheal explant cultured for eight days on 
semisolid medium 199, 10% FCS, 16% 
CO:/air, pH 7.7. Note the appearance of 


goblet cell (G) which staine PAS-posi- 
tive. (X 1500) B) 16% CO./air pH 7.4. 
Note the appearance of ciliated cell (C) 
and goblet cells (G). (X 820) 


obtained; more ciliated cells were ob- 
served at CO, concentrations of 5% CO, 
and 16% than at 0.03% (air). In 5% CO, 
and 16% CO, the differentiation into 
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Fig. 10, Differentiation into ciliated 
cells (A), and goblet cells (PAS positive) 
(B), in the new ‘outgrowth of. tracheal 
explants cultured for 8 and 12 days. Each 
column represents the mean % (+ S.E.) .- 
(No. of differentiated epithelial. cells/ 
total no. of new cells on the surface of the 
outgrowth x 100.) Figures represent num- 
bers of explants examined. 


ciliated cells decreased with increasing 
of the pH from 7.0 to 7.7. 


2. In explants grown at high CO. 
concentration (16%) and high pH (7.7), 
the percentage of goblet cells in the new 
epithelial growth was higher than in 
all other groups. The trend toward 
more goblet cells at high CO, concen- 
tration was already observed at pH 7.4 
(Fig. 10B). £2 


3. An inverse relationship appeared 
between. the number of goblet cells and 
that of ciliated cells in cultures grown 
with CO, in the atmosphere. 


e 
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DISCUSSION 


In diseases involving the airways and 
middle ear, there is often a shift in the 
epithelial cell population towards an 
ovérwhelming number of mucus-pro- 
ducing cells. This is especially true 
when inflammatory processes are in- 
volved. Clinical and experimental ob- 
servations indicate that this shift oc- 
curs when the tissues are not sufficient- 
ly aerated.*!?!5 More precisely, it may 
be the CO./O, ratio that influences epi- 
thelial cell differentiation when aera- 
tion is deficient. 


It has been shown that differences in 
CO. concentrations affect both cell dif- 
ferentiation and embryonic develop- 
ment.'* Carbon dioxide also exerts some 
control on the differentiation of chor- 
ionic cells? At a relatively high CO. 
level (5%) chorionic cells function as a 
respiratory epithelium, while at low CO. 
level (0.03%) they change into rapidly 
proliferating keratin synthesizing epi- 
thelium. "oj 


In the present study, organ cultures 
of rabbit trachea. were used to deter- 
mine whether a change in the gaseous 
environment affects differentiation of 
respiratory. epithelia. The variables 
tested were the CO. concentration, the 
O. concentration and the pH. 


To distinguish between the effects of 
CO. concentration and pH, the explants 
were cultured in, 0.03, 5.and 16% CO, 
at pH 7.0, 7.4 and 7.7. Three specific 
tissue changes were used to identify 
the effects of gaseous environments. 
These were: changes in. differentiated 
state of ¿explanted epithelial cells, 
changes in the rate. or extent of out- 
growth of new epithelia, and changes in 
cytodifferentiation in the epithelial out- 
growth. With this system, ciliary move- 
ment was easily observed in living cul- 
tures, and changes in the proportions 
of ciliated cells, goblet cells and undif- 
ferentiated cells could be determined 
‘with both routine histology and scan- 
ning electron. microscopy. 


The results showed that in the ex- 
planted epithelia, both the ciliated cells 
and goblet cells were affected by the 
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gaseous environment and pH. The cili- 
ated cell population was well main- 
tained in 16% CO;/air at all pH levels 
as well as in air at pH 7.4. Similarly, the 
maintenance of goblet cell population 
was improved by 16% CO,/air at all pH 
levels, as well as by air at pH 7.4. Less 
ciliated cells and goblet cells survived 
in air at either pH 7.0 or 7.7. These re- 
sults show that a higher CO, level has 
a beneficial affect on the survival of 
both ciliated and goblet cells in tra- 
cheal explants. Surprisingly, the propor- 
tion of ciliated cells and of goblet cells 
decreased in 5$ CO./air more than in 
air at pH 7.4. This could be the result 
of possible multiple effects of pCO: 
on the regulation of metabolic processes 
in the tissue. 


Hoorn" reported an optimal pH of 
7.4-8.0 for organ cultures of rabbit tra- 
chea in air. This result was higher than 
our observed optimal pH of 7.4. A pos- 
sible explanation for this discrepancy 
may be the difference in media system 
used; namely, a semisolid media in the 
present study, in contrast to a liquid 
media system used by Hoorn. 


High oxygen (80-95%) had a deleteri- 
ous effect on ciliated cells in all cases. 
With goblet cells, the toxic effect of in- 
creased oxygen was even more pro- 
nounced. Oxygen concentration of 50% 
already produced an observable dele- 
terious effect. Similar toxic effects of 
high oxygen concentration on human 
respiratory epithelium were reported by 
Boat et al.!5 


As in wound healing;'??? an epithelial 
outgrowth developed by a movement of 
a sheet of basilar epithelial cells across 
the exposed surface of submucosal con- 
nective tissue. This movement began 
during the first day of culture and was 
followed by cell proliferation which con- 
tributed to the expanding epithelial out- 
growth.'* Surprisingly, ciliated cells ap- 
peared during the first day on the new 
outgrowth. It is not known, however, 
whether they represented differentiated 
cells which had migrated from the ex- 
plant, or de novo differentiation of basal 
cells. Even though migration of previ- 
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ously differentiated epithelial cells have 
been reported to occur in organ cul- 
tures,?'?? this phenomena would require 
a technique such as time lapse cinema- 
tography to prove. De novo differentia- 
tion of epithelial cells was easily demon- 
strated in the new outgrowth through- 
out the culture period. Histology 
showed that the number of ciliated cells 
and of goblet cells increased through- 
out the first week in culture, and scan- 
ning electron microscopy showed that 
in eight day outgrowths, there were 
ciliated cells in all stages of develop- 
ment. 


The results of these studies showed 
that growth and differentiation of the 
epithelial cells were both affected by 
the gaseous environment and pH. The 
most significant effect was that 16% 
CO. environment at pH of 7.7 resulted 
in a fourfold increase in goblet cell dif- 
ferentiation (Fig. 10B). A smaller in- 
crease in goblet cell differentiation 
(twofold) occurred in cultures in 16% 
CO. environment at pH 7.4, but there 
was no apparent effect of the CO. con- 
centration at pH 7.0. These data sug- 
gest that high CO, levels combined with 
a high pH promotes the differentiation 
of respiratory epithelial cells into mucus 
producing cells. | 


The observed changes in the propor- 


tion of ciliated cells in the new out- 


growth varied inversely with the 
changes in the proportion of goblet 
cells. At pH 7.4, the proportion of cili- 
ated cells in the outgrowth was greatest 
in cultures grown in air, and least in 
those grown in 5% and 16% CO, (Fig. 
10A). Similarly there were more cili- 
ated cells and less goblet cells in cul- 
tures grown in 502 oxygen levels. How- 
ever, when cultures were grown in air 
either an increase or decrease in pH 
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levels had ‘a deleterious effect on dif- 
ferentiation into ciliated epithelial cells. 
At pH 7.0 and 7.7, the number of cili- 
ated cells increased with the increase 
in CO, level. Similar results, an increase 
in the number of ciliated cells ‘in 5% 
CO, compared with air, were obtained 
in a study of human adenoidal tissue 
cultures grown at pH 7.0.** 


In conclusion, these studies have 
shown that the organ culture system is 
a useful tool for the investigation of the 
effects of environmental factors on the 
expression of functional specialization 
in respiratory epithelial cells. The data 
indicates that high CO, levels combined 
with a high pH promotes differentiation 
into mucous secretory cells. Further- 
more, the results show that the pH and 
gaseous environment have independent 
effects on growth and differentiation in 
respiratory epithelium. The fact that 
various CO. levels affected the tissue 
differently at the same pH level may 
indicate that the actual fixation of CO. 
is an important event. The fact that in 
the original epithelium we did not find 
an outstanding effect of high CO, levels 
on mucus synthesis may indicate that 
CO. promotes the differentiation of new : 
cells into mucus producing, cells, but 
does not influence the production of. 
mucus itself. On the other hand, the eul- 
ture system may be adequate for: dif- 


ferentiation but insufficient to support 


increased level of mucus synthesis. The 
results of the present study are con- 
sistent. with "the clinical observations 
that disease states which result in a de- 
crease in the aeration of these epithelia 
are frequently associated with a marked 
increase in the mucus producing cell 
population. This may help to explain 
why the increase in aeration of the mid- 
dle ear is beneficial in cases of secre- 
tory otitis media. 
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CORRECTION 


We have been informed by the Fellowship Committee of the American Society for Head 
and Neck Surgery that the announcement regarding the Special Head and Neck Cancer Fel- 
lowship: which appeared in the November-December, 1978 issue was incorrect. The announce- 
ment should have read as follows: The Special Head and Neck Cancer Fellowship has been 
awarded. to: Dr.: William J. Goodwin, Major, U.S. Air Force, stationed at Clark Air Force Base, 
Manila, Philippines. 
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CALORIC VESTIBULAR TEST WITH THE USE OF AIR 


A. J. Greven, MD 
W. J. A. C. RanemakeRs, MD 
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AMSTERDAM, THE NETHERLANDS 


In a group of 28 test subjects the vestibular caloric test was performed with the aid of two 
different methods. In the first method the ears were irrigated for 30 sec with water with.a tem- 
perature of 30 C and 44 C, in the second method the ears were subjected to an airstream with a 
temperature of 30 C and 44 C and later on with an airstream with a temperature of 20 C and 
50 C. The wet method proved to be a significant stronger stimulus than the dry method. The 
authors conclude that the water irrigation is the method of choice for the caloric test. The dry 
method is only useful when the wet method is undesirable. 


The caloric vestibular test is an im- 
portant part of the vestibular examina- 
tion as it is conducted presently with 
the aid of ENG. It is the sole method 
which provides information on one or 
both labyrinths separately. 


The caloric test is done by irrigating 
the external ear canal with either warm 
or cold water at a temperature that 
differs from the body temperature. 
Such an irrigation introduces in the 
mastoid bone around the external ear 
canal a temperature change which pro- 
gresses slowly inward. 


When the horizontal semicircular ca- 
nal on the irrigated side is in an upright 
position, the temperature wave in the 
mastoid bone provokes a convection cur- 
rent in the endolymph, which causes 
nystagmus and a sensation of rotation. 
The duration of the sensation, as well 
as the duration and speed of the nystag- 
mus, can be obtained quantitatively. 
By comparing the above mentioned col- 
lected data from right and left ears one 
observes differences in action between 
the labyrinths. When data are compared 
with those gained at a previously per- 
formed test, changes on excitability can 
be detected. 

When a caloric test does not provoke 
a rotation sensation nor a nystagmus, 
the labyrinth of the irrigated ear is 
‘pronounced no longer excitable. How- 





ever, in reality this means that only one 
of the three canals on that side does 
not respond to a nonphysiological stim- 
ulation. Neither on the excitability of 
the other two canals, nor on the stato-. - 
lith organs is any information gained, ` 


The caloric vestibular test was de- 
scribed by Bárány," who used water 
at a temperature of 20 C or 30 C. Also 
Brunings* and Kobrak*? used water for 
this test. Fitzgerald and Hallpike? in- 
troduced a method in which irrigations 
were done for 40 sec with water at a 
temperature of respectively 30 C and 44 
C. They determined the duration of the 
provoked nystagmus by visual fixation 
of the subject. Jongkees’* improved 
this method by using less water and by 
determination of duration and frequen- 
cy of the nystagmus with the aid of 
Frenzels glasses, thus avoiding visual 
fixation which enables suppression of 
vestibular nystagmus.. 


The introduction of electronystag- 
mography as a method enabling the 
registration of a nystagmus exactly, 
opened the possibility to detect differ- 
ences in excitability between the laby- 
rinths accurately. This method was first 
described by Aschan and. Henriksson.®+° 
Hamersma*! reported the effects of dif- 
ferent temperatures of the water used, 
the amount of water and the optimal 
duration of the irrigation. The reason 


From the Vestibular Department of the Ear, Nose and Throat Clinic of the University of 


Amsterdam, Amsterdam, The Netherlands. 
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why the caloric test usually is per- 
formed with water is because of its 
excellent quality. as a high specific 
warmth and temperature conductor. 


. However, when a subject has an ear- 







.' cise temperature and 


drum perforation, a, water irrigation in- 


creases the risk of a middle ear infec-. 


tion. In these, cases a 'caloric test with 
- the aid of air or ethylchloride diminishes 


this infection risk.'?" However, a quan- ` 


titative test cannot be conducted with 
ese S MAT as the strength of stimu- 
lis hard to determine. 
"In 1967 Aantaa* described a device 
able to produce an airstream of a pre: 
and quantity. With 
this device; caloric vestibular tests can 
. A disadvantage of this pro- 
cedure is the fact that the specific 


< "warmth of air is one fourth that of 


water. Advantages are the simplicity 
with which the test can be done, as 
well as the fact that the test can be 
done in patients with a perforated ear- 
drum. ^. od 


' © The aim of the present investigation 


was to determine the reliability of the 
calorie vestibular test with the aid of 
air, and to compare the results of this 
method with the caloric test with water, 


- conducted in the same test subjects. 


METHODS AND MATERIALS 
The study as conducted in 28 healthy fe- 
males, aged between 17.and 25 years. They all 
had good hearing, and no history of ear-related 
diseases. These persons were subjected to ca- 
loric tests:with the aid of water and with the 
(aid of air. 5o rx : 


"The fests with water were conducted with a 
“parathermsIF” irrigation device, which is able 
„to provide an amount: of water of 500 ml/min- 


a 


- "ute with a rather exact temperature (+ 0.2 C) 


measured at the irrigation tip. The air caloric 
- tests; were performed with an instrument called 


«e 


.,"ditmatic."* This apparatus is able to provide 


in air current of 2-6 liter/min at a temperature 


DE. 


^ which can be adjusted very accurately at a de- 


. -cordéd :eléctronystagmograp 


Shred rate, 0 
» The eye movements of the subjects were re- 


ded My graphically by means 
of an Elema Sehóhander Mingograph type 34 
with the ai 


skin electrodes, 
= Thé caloric tests with the aid of water were 


"nr 





iy conducted at à temperature of 30 and 44 C 


GREVEN ET AL 


for an irrigation period of 30 sec, and to ca- 
loric tests with the aid of air with the same 
temperatures for a period of 45 sec (Air I). 
The test with air was later on repeated with 
air at a temperature of 20 C and 50 C for a 
period of 60 sec, called Air IL. The air flow 
rate was set on 5 liters/minute. The given tem- 
peratures were all the delivery temperatures 


‘measured at the irrigation tips. The freedom 


of air flow or water flow was carefully insured 
during the tests. 


The tést trials were conducted in the morn- 
ing. In one morning only the four caloric tests 
of one sequence were done. Between these 
tests the intervals were at least ten minutes in 
order to avoid influences of a prior stimula- 
tion. The subjects were kept alert by letting 
them make small calculations. The order of the 
four stimulátions was randomized in such a 
way that each stimulation temperature was the 
first one applied in seven subjects. Between 
the three sequences an interval was kept of at 
least one week. In each caloric test of each 
subject the speed of the slow component of 
the nystagmus was determined at intervals of 
ten seconds after the start of irrigation. The 
average speed of the slow component of the 
nystagmus for all subjects together was cal- 
culated for each calorization of each of the 
three methods used. Moreover, the highest 
speed of the nystagmus was determined for 
each subject for each test. 


RESULTS 


The data for each subject at each of 
the used methods were collected. A dis- 
play of the average values for the left 
and the right ear is given in Figure 1. 
The average values show a rather sim- 
ilar pattern for each of the three meth- 
ods. Directly after the irrigation there 
is a clear fast increase of the speed of 
the slow component: the highest speed 
for the wet method and the dry method 
I and II is reached respectively after 
72.5, 80 and 85 sec. 


Following the maximum of speed, 
the same decreases gradually to 1°/ 
sec after respectively 200, 187.5 and 
200 sec. The only clear differences be- 
tween the two methods are: water 18?/ 
sec, air II 12°/sec and air I 8?/sec. 
These outcomes show a significant dif- 
ference (P<0.05). The response to 
warm water seems to be less strong as 
to cold water. When calorization is 
done with air the findings are opposite; . 
warm gives a better response than cold. 


*Hortmann AG, Bad Reichenhall, West Germany. 
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Fig. 1. Speed of “the. slow ‘component of: eal 
different methods. The ayetage speed `of the: ystà 
RSEN perioda i o ten seconds.. d N 
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cold PM warm 
water 19?/sec: 17. 25° [sec 
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-A were “ather. „ige. 





“lected: Thezair., I. calorization: did’ not 
piovoke a nystagmüs in eight tests. "The 




















roved tors] 


bjéc 


* was’ blown”: 
` they. éompiired: tis 
.that the duration’ o 





e: ‘provoked nys- 





'stagmus wis larger“after the icewater 


` test and thatthe speed, the frequency 
and the amplitude were similar in both, 
tests. 


pat in the; ci are of ue 


Eron each ‘subject. l9*idatà were col. 


be the. D 





: ae after 


—" provoked with the three different meth- . 
I ^ ods. However; the-speed of the nystag-- 
E . mus. was much higher. after a wet test 
x "higher rate. 
Up ta der ‘did not provoké.a nystaginus’ in several 
«eases, we. conclude 
‘naseful: ‘The air. II test is useful, how- ` 
“yer, the stimulus: given with this meth- 
id. od. is still-less-‘strong than the one pre- 
"in | sented with tlie: wet method concerning 
ias „< the, speed of the nystagmus. It must be 
noted that a-calorization with ‘air at a 
temperature. of 50-C is rather uncom- 
‘fortable for the subject. 


: gat te 
- geo, with: 5 in| of^icewater ind čom- ` 
pared ‘this tea test ‘whérein ' air of 0 C.- 
in the:ear for 60: sec. When. ..- 
&.results-they found `- 





This study wag: Tepe ested hi teri Aa i 
p with wáterzof 30 € and 44 C, 
and the-fesults: were ‘compared with ca- 
lorie’ tésts' with air. of 24°C and 50 C. In 





„all tests: the.’stimulation: lasted. 60 sec. 
No: differences were found between. the 


eóld: tésts, the warm tests^shiowed -dif- 
renoés concerning: the amplitudes, the 
requericy and the “duration of the nys- 


-tagmus:'The wet method proved to be 


stirnulus. 


Aantágit did the calorie test with air 
hd water at temperatures of 30 C and 
in one.subject, on different days. 
nd that the air tèst provoked nys- 
with ‘a:lower speed than the 
st; “however the results were 


a stronger 's 





Th ‘our stady 4 we-did not find differ- 
ices in “the duration of the nystagmus 






than after a dry one. As the air I test 


that this test is not 


` Oùr conclusion, is that for the caloric . 
vestibular test.the wet method must be 
preferred. A «method? which uses air 
must only be used when for some rea- 
son-a water nigahon cannot pe con- - 
ducted. : ; 
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the Me MA anpas ʻa review adi P As tos Set ve k af js : 

geal function during phonation. Methods for assessing: normal "arid Į : 

considered and participants. will review different disease/ànd ‘disor pity “sta i . 
ods with the greatest: ‘potential . for assessing” degree and typeof Vocál ada: E m HL 


Prevention, detection, asséssment and. freatment in this eld Have Ürer finpeded- by: a Tack - 
of common méthods.- Otolaryrigologists. élassify patients- according to’ past. or pent. oos, 
speech pathologists deseribe cáses on the basis of percepttial charact dE tis. of, patients" Voices; . 
and speech scientists usé “acoustic measures of: patients" speech, ron din j adi 
flow characteristics, and high speed photo} ‘aphy.’ ‘Developme: t ^ accurate assessment 
will require cooperation and’ research col aboration among / ithe’ aridus specíaltie i 


Topics to be covered. include: tissue’ structure of the’ yood!* cords 3 
tory functions of the larynx; maintenance’ of phonatory.vibrátio; 
yngeal structure :and function; and fiberoptid,  Slectrormyographic; 
gographic assessment"of phonatóry function. 7 


"Proceedings will be published. For further- Homai contact mu Patil Chi, 
municative Disorders Program, NINCDS, Room 1C14, Federal B ging, ^ Nati l Institutes of. 
Health, Bethesda, MD eim Telephone! (301): 496-5061. Due Were d 
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which were not included in this appropriation, are being funded under a congressional joint - 
resolution which allows’ continuation at the 1978 level of us 322, 000. The. total n be: dis, 
tributed as follows: ; d 
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k Neurologiċaľ- Disorders: Program .......... m ` 69,498,000 

Us Stroke: and Nérvous Systern Trauma Program 32,045,000 

Fundamental Neuroscierices Program ........ Sine A RR s neu ... 29,599,000. 

os Intramural’ Research i “Program ;. EUER MED 38,076,000: pi 

Prograni Direction and Administratión Grants and Contracts ........ 13,724,000 y ^ y 
TOTAL eee cue : Sedan entera eae pare diae olea wanna dut t .$212,322,000 : 
*This column is prepared monthly by the Office of Sefentific and Health Reports, National m 
Institute of Neurological and Communicative Disorders and Stroke. For further information, write SI 


_or call Carolyn Holstein, NINCDS/OSHR, NIH Bldg. 31, Room 84-16, Bethesda, MD 20014. 
2A (301) 496-5751. 
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>? vere iuueni ron ataxia. « 5 


à 


e 


„eral ‘Hospital between 971. : 


. failure. These; seven / 
«y Tepresent. a small. 


: Qe äre dp icones here; 


iiy is, (eer ‘to: Ger dn ETN Over à five-year period seven pa- 


Š ith sèvėrë and. prolonged-ataxià from gentamicin:vestibular toxicity were seen. Two of 


là 


tibular neuroepithelium is; well known? 





in‘whom: ‘gentamicin induced. vestibülàt: 
J toxicity. resulted ix, proldnged cand. s 


“Al "patients. wen ine ati d 


^cases pf.sevére'and pralo: 

ataxia due to ‘gentamict n 

period. Not all these} i ere: in: “renal © 
e, 


evere ataxia ` 









percentage Ot, » 


C Ca$e:reports ó Hm p these, - 


è ouphy.” px enin tests: 
güze and .Spontarieous nystagmus were 


'first"carried out’ followed by warm calorie "E 
stimulations, 44 C water irrigation for 30;sec t 








Tn three of these five. patients bithermal cà; 


loric tests were done. Vestibular eye speed was! ^ 


usedyga the parameter for assessment of re-. 
sponse. In addition, patients had hearing tests 
carried out, Serum gentamicin assay was done 
with standard methods. . f 


CASE REPORTS ~ 


Case 1. F. M., a .65-year-old female with 
chronic renal failure who was being treated 


with regular peritoneal dialysis," developed. 


peritonitis in September 1976. Enterobacter 
cloacae and aerogenes were cultured from the 


` peritoneal fluid. The patient was treated: for. 


From the: Departments of Otolaryngology and Medicine, University of Toronto and Toronto i ES 
36 


General Hospital, Toronto,“ Canad a. 














7. elapsed. since: 


is *":also has continued to have pro 
` her head’ suddenly. 


or assessment of gentamicin - 





Jotin renal. failure. Case reports of five ef these are neeted. The possible 
i ability 3 are, e discùssed. . 


NE 


15 days with gentemichi: "This was adminis- 
‘fg, tered. in the: 
:mg per liter of: dialysis fluid) as well as b 
:V1.”.two-parenteral injections (100 mg and 80 mg 
i : : 1 thé .:.12 days apart. During this period a number of 
Ei orsi ds Sone primarily Mo é Ves) 
t ty "none revealed the iem 


"This: paper reports..a roup of patients: APE, wi 


dialysis fluid for this period (5-10 





serum ;gentamicin :assa ys were performed and 

to be in a toxic range 
| Aug/ml preinjection and 8.84g/ 
postinjection).- On ambulation following 





“treatment slie: was; noted to be ataxic and ca- 
Joris, testing. reveal 


éd. a markedly reduced ca- 
loric ‘response bilaterally, Iri the year that has 
i treatment she has had, some 
improvement in. her’ ataxia, - but whereas ‘she 
was previously. a fully active. ‘anid independent 





"woman her activities ‘have’ now been severely 


éstricted.- She has. been-unable to-resume cer- 
aif: activities such a8- dri her .car. She 
lems with vis- 
‘ ual objects moving. when ehe els "or ‘moves 





"Case 2. E. D, a: 69-jéar-cld- female, was 
also: :à patient with chronic renal: failure who 
was being treated. with regular peritóneal di- 
... alysis. It Noveimber:1976 she developed a peri-’. . 
Onitis’ and Klebsiel la pneumóniae-was cultured 
‘fluid, She was treated with 
: ‘days. ‘This was adminiis- 

1é-intramuscular injection (80 
d. inthe’ dialysis fluid (10 mg per liter 













levels Were pérformed during this period and . 
revealed serum levels of 4.1 and 5.9ug/ml. In 


. December 1976 she again developed peritonitis. 


due to the same organism and the same.amount 
of gentamicin was administered in conjunction 


with Keflin®. She. continued to have problems - : 


despite this’ treatment and eventually the. 
catheter was removed and ultimately replaced." 
The patient who at the age of 40 had had a 


cerebrovascular accident with a residual right. ` 


hemiparesis had managed previously to ‘walk 


. adequately with the help of-a cane, but on 


ambulation following gentamicin treatment 





f dialysis" fluid). Two random .'gentamicin ` s 


„ mg three times a day for’ five days > 
"this period as well, his blood ureá-fitrogen re- ^" 
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was nói: ió be yery ataxic. Caloric: “testing re- 
vealed a markedly reduced caloric response bi- 
laterally. In. the nine months that have ‘elapsed 
since the tréatment she has remained ataxic 
although she has-had slight improvement, but 
now requires assistance when walking. On oc- 
casions she has lost her balance and fallen.’ 


Case 3; R. W., an 82-year-old; “male. ‘With . 


ischemic heart disease (having required a páce- 
maker) and chronic obstructive airways: dis- 


ease, developed a Klebsiella pneumonige- while . 
being treated in the hospital in July 1976 for . 


acute diverticulitis. He was treated ‘with cloxa 


cillin and gentamicin: (80 mg.stat. and 60 rag. "'; 
three times daily for ten days). parenterally. s 


In August 1976 he again developed ‘the same 
problem and the same treatment was again 


administered. He-was not in renal-failure and * 
the highest serum: gentamicin levels found on ~ 
monitoring were 3.64g/ml preinjection and: 


5.7ug/ml postinjection. On ambulation follow-- 
ing treatment he wás noted: to’ be. Nery ataxic 


few. seconds and 
were unsuccessful. He eventually. di 


after treatment. 
' Case. 4. .N...F.,- 





tation performed in 1976, was Pnie in De 


cember 1971. with: ‘a ‘perinéphric. abscess, At. 
the time he was’on:prednisone:and Imuran® 


and his renal function. was felt to“be:: adomat 
and ‘stable.. The. abscess was: drained’ and“ oul- 
ture of the pus.reveal 


times a day. for eight days). His blood urea 


nitrogen remained within. ‘riormal limits dar- . 
ing this period and his,serum gentamicin lev~., ` 
els at nó:stage were above. toxic levéls. The: 


< highest.level monitored was a'randormi. lével [9 

4:1 ug/ml. In April 1972 he developed a ui 

nary-tract infection ‘and “culture 
domonas and occasion: ep 





- mained „within normal limits and the- one ser-, 


um.gentamicin level monitored revealed 10: 
ng/ml preinjection and 3.5 ug/ml postinjec- 


i tion. 


'*, The patient was very: ataxic ón ambulation 
:'after the, treatment.. Caloric testing revealed 
“no response in either ear. In over five years 
.. „that have elapsed he has remained ataxic al- 
".though there has been slight improvement. 
"The'ataxia is much worse at night. i 


;, Case 5. K: P., a 57 -year-old female who had i 
:^. contracted rheumatic fever as a child, had a 


mitral value replacemėnt performed in March 


ce 11976.. She had previously had a successful aor- 


. tie valve replacement in 1969. In June 1976 she 
" was noted to have a leaking mitral valve pros- 


vr! 
- 


p and the ee of bacterial decidi a 


-times,a day for three days, then 80 nig twice. a ` 


ing: "monitors of thes 


Ine 


: She: is: now ‘able to walk: wi 
7 but-has‘been unable..tor: 


* no-oscillopsia. Tryitig Ó 
fects. ee walking X 


. habili ation. , 
and was unable to stand up :for more than a` : 


thus was. confined -to bed.. - 
Caloric testing revealed no response in either .: 
ear, The patient has remained ‘bedridden. since. - 
that time. All attempts to mobilize. tlie LR E GP d 
ofa 

myocardial infarct in des 1977, dine months 2 gentamiciii induc 
wold. : mis wit 2 

chronic renal failure wd Bad a:fenal transplans’ 






^over'a fivé-ye 











ed: a: heavy’ growth “of ^: 
Pseudomonas and a light growth of E. coli, He E 
was treated with gentamicin. parenterally (80 . 
mg twice daily. fór. two days and 80 mg“three .: 





de 





itis- was made. Blood cultures revealed aco- 
agulase ‘negative Staphylococcus. aureus. "Her 

renal-function was normal and shezwas treated. ; 
with gentamicin.-parenterally,..(100 ang. 



















day for: ‘17 days) as well as with:Keflin® 
ae levels: 
Kas 3 ph z 





a n ee She in ad ih iejrain. 






i- assists 
ny activitiés- 


that she could: do. p Hs She had ` -7 


'» The "Authors: ave. seen; seven paticiits 

jpériod who developed: * 
disability.'ànd':prolonged ataxia fom s. 
ced: :véstiliular-" toxicity. 


hese’ represent: ‘4. small 3 snumber<of all : 








-patients ‘seen’ with gentamicin Sonet. 











The: Amsteddiriess - And atakia were se- - 
igh “to prevent ‘them from :car: 
3 norinal, activities. Jr gev- ; 


ax af foxiolt d “ 
“disabling e 
"They recóvefed, quickly, ‘None fi these a Ry 











patients developed a heating los with -. 


‘onset. ‘o£: ataxia. . 
> Three of these five’ “patients “had - 





ee Anse renal failure and it is possible 


F that ĉoncomitant loss of proprioception, 


“secondary to uremic polyneuropathy’ « 
may have aggravated their symptoms. 


_It may be that these patients had to 


rely primarily on visual inputs to main- 
tain their balance, whereas ‘normally.’ 
one requires visual, vestibular and pro- 
prioceptive inputs for ‘maintenance’ of 
balance. One of these patients devel- 
oped oscillopsia which might have con- 
tributed to-her prolonged period of dis- . 
ability. 


Two other patients did not have renal 
failure; one man was in his 80s and the 
second had cardiac disease; producing 









P “known, This’ could be on 


i „cin; a drug “similar. ‘to. gentamicin, 





^ ee ibility. x is: likely that poor general 
5 Physical condition and advanced age . 
for: the severity' and pro- - 





acce 
` longed duration’ of ` sympteiis. Unfor- 


tunately, little ‘ééuld be dne: to shorten | 
their recovery: period., Use; 
















"ol 
' pilitation: in one patient $ 
` that with: time,- eventüally: things a Ww 
“work .out ‘reasonably well provided fit. 
He Goinke to. patients. who were. un-- 
















ra ation: [n ves" 


poc Jas p et. by: ‘Gon 

. -zalez et. als AWhether or.Ót.a: sit 

d ru ‘of . vestibular loss 
n. :the- five’ patients report 








"Earliér experiments: ith stzeptoni 
‘stiggested that. central damage can’ 
occur in the vestibular and--cochli 
gions in the brain stem.'^ Even, if 
does occur it may not explain thé' pro 
longed nature of disability. None ‘of: 
cases reported showed any evideüc 6 
-gerebellar dysfunction. 


Singleton and Schuknecht” have; de 
-. scribed in detail the ataxia. problems: Q 
‘patients undergoing’ streptomycin ‘ther: 
apy for destruction of: Vestibular func- 
tion in severe incapacitating Méniére’s 
disease. They noted that: ataxia: was 
moderately severe in all patients upon 
termination of streptomycin’ therapy. 
The average length of time for the re- 
turn of: patient fò normal activity was 


et 
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p zed; PER diieet 


- damage isto. 
n° it is alsó k known: 

































: thing to be gained by regular’ screen 





four months. E^ this group £. patients 
those with bilateral .Méniéré’s disease 
had a duration of return „to normal ac- 
tivity ranging from. zero "to. six months. 
It is likely that these patients’ with in- 


< capacitating Méniére’s disease had some 
. gues, trying. to fixate on al “object ir 
-thej dinga while. E 

valtie ir i 


reduction of véstibulir function prior 
to onset. of; streptomycin ‘therapy. In 
our ‘group of. patients, to :our knowl- 


- edge; there had, not been any vestibu- 


lar: dysfunction: prior. tọ administration 


st ‘af gentamicin. It is possible that pa- 


tients ‘with’ reduod' vestibular function 
,may take: Jess time-to. adapt than pa- 
tients who ‘have intact vestibular func- 
tionis prior to: onset of streptomycin or 
. gentamicin. therapy. From Singleton 


fe and ‘Schuknecht’s" paper it appears 


-that ‘the: ‘duration of disability was not 
‘related tothe degree of loss of func- 
"tion “ -fóllowing streptomycin’ therapy. 
Our own experience with: gentamicin is 
imilar. : It is‘ possible: that in our pa- 
ients, debility and age were factors con- 
spins, de to: prolonged. ds of dis- 
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‘ susceptible ‘organisms is 4 ug/ 
il: and tha “the id” side ef- 





‘called “toxic” s 


-is. possible. that.there is an ele- 
idual 3 ‘suis ibility to tox- 
tibular gen- 





tamicin.. "Gentamicin... is an - important 
intibiotic-in the management: of Gram- 
, négative infectioris. The purpose. öf this 
aper is not to. detract from-the value 


at in addition to monitoring of. 
gentamicin level, there may be-somi 


-ing- of vestibular function by warm ea 
lorie stimulations performed every: third 


day during therapy. This may detect ` 
.the occurrence of vestibular toxicity. at - 
.an early stage. Obviously many patients; 





ur at. levels shove 10-12 


ipat 
‘iis When. toxicity imer to’ ‘gen. 


zt. has: b s stel. that. ‘the effective - 
úr -level of gentamicin ` 


nly been re-.. 
h renal ‘failure. T 






f the; ;drug: when. indicated. Our’ pur | 
- pose is-to report some..of the long-term Bee 
rabut, that may “occur. It may be. 











réceiving gentamicin will be too ill 2 p 


undergo such vestibular assessment. | 
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the destin ‘of ‘hs eustachian tube ind related structures in the Rhe- 
the uci mul dlid}: have hows that the monkey tubal system is similar to the hu- 
éstigal estis eys.Was an attempt to verify previous studies in other 
: as the only dilator of the eustachian tube. Two 





ions ation of. the eustachian 
division. of the trigemi- 
















pa (PCS in- 
órnal-"ptétygoid,: supérior constrictor, 
and T. le.action;"Then he selec- 
v:tively ed each: muscle and ob- 
$t ‘ubal dilation during swallowing. 
ollowing transection of the*palatopha- 
£eus and the LVP muscles, the tube 
alt pened. Transection -of “the TVP 
wuscle,: the last procedure undertaken, . 
bolished. the movements of the. pharyn- d 
poal orifice. From this he inferred that 
e. ET.:was:not opening:..Hé: then re- 
i$. versed the order. of transection and. stait- ' 
ed with the TVP muscle: Imm diately 
after’. that no further. dilatiotis were . 
obsérved, Rich: found that: there : "Was, mno... 
=v variation in the degree’ of’ ‘dilation of the: : 
‘nasopharyngeal orifice: whether ‘thé. lev 
‘ator. ór palatopharyngeus"niuscles wej 
* sevéred. or left intact. He reported. tha 


in. bep adiret the ter 
EE palatint, muscle (* TYP às: jthe, dilat 



























* erent ee primates lav not: been 
"reported P SED "e 


a. ' In. the clisstcal. work: of ich the 
“Taovements. vf the pharyngeal ` orifice 
`- were observed in an: ‘attempt to deline: 

ate thé muscles responsible für the open-- encas the 

ing of the ET; He: investigated ‘the’ Coe 

fect on ET dilation, of the tor 

From the Departrient: of Gtolaxyhesion’, Jüofverpity: ot t Pittsburgh School of Mediékiio Chil 


dren's Hospital o£ Pittsburgh, Pittsburgh, Pennsylvania. Supported in part by Grant. Numbg 
187857 01 of me Nationat, anstitutes eee Heal ith. : 
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auziliaries or- dotagonists to the TVP in’ 
its opening of the ET. 


In ànóther set of experiments, Rich 
used galvanie stimulation to selectively 
elicit contractions of the above-men- 
tioned paratubal muscles. He inserted a 
balloon catheter into the ET and re- 
corded pressure changes of the fluid 
within the balloon to document dila- 
tions. Hé observed that stimulation of . 
the LVP, palatopharyngeus, superior 
constrictor and.internal, pterygoid mus- ` 
cles produced- mo. changes i iri the balloon 
catheter pressure.. Again, he concluded 


that the TVP'is the only muscle which "5: 


is functionally related to the ET. Cone 





After excising a $ 
tympanic membrar 
external ear’ céirial’ to 


and a rss tr 


a one- eoi cen 10 V aml 

and 50 Hz.square wave pulse, he. coi 
stimulate the TVP muscle. and; mea 

: , the chariges in the middle ear préssure. 

By this electrical stimulation technique, 

‘ the applied positive and negative mid- .: 








"dle ear:piéssures:were reduced: to am“ ` 


E bient.Tevel. He then identified the TVP 
tendon ‘over: the: hamulus of. the Tnedial : 











transection; | ‘muscular ` ‘stimulation .re-:. 
ulted in very limited dilation of the. ET, : 
“Small amounts-of applied positive mid- 
ar pressure could: be reduced’ but 
quilibration: ‘of applied . negative 
ressure- was* : observed. From ‘these re- : 

dings: he ‘concluded that the TVP is 
itial muscle for tübal dilation. 








ére more refined by the work of Riu. et 
-Théy placed the electrodes direct- ` 
“on the paratubal muscles of two dogs. - 


DILATION OF EUSTACHIAN TUBE 










ce niuscle- stimulatió 
E ak aaa 
“that: electrical’ current. was‘ leaking. 


' pterygoid pláte: arid transected it. After: 


"These- -basic' stimulation experimépts::. 


Electrical stimulation of ihe TVP auscl 
and the LVP muscle by a 30^ 


4. 


tude and 30 Hz frequency] cited ET- p 
openings as-monitored by. changes in:the `: `` 
middle ear pressure ‘through a catheter. ,- 






In one animal, the. stimulàtion of ‘both, . - 


muscles resulted: in. tubal -dilations with. 


different latencies. For. die TVP muse 
tubal dilation was recorded. 
after the onset of the stimulis. 





ing the stimulation ofthe LVP,. Fue - 
h the secorid: US 


latency. was 320 mse 
animal, the experimen 
and no’ tubal . 








as‘unsiecessful : 
ü 10n,,. was ` "recorded. 


ate’ ore the ‘Yea ie 
‘dological ‘measut ments. ‘The- large - 
tency period:o ed following. EVP . 
upgests: ; ; that "tlie. 
as riot properly grounded" 














on muscle to under c ats, 





éy ( ngeal. sy pom 
tits anatomy. élosely: approx- 





gges st that 


his gol shówed' that impairment 
‘of the TYP; muscle can affect: middle. 
‘ear’ yentilation.* More.specifically, tran- 


, section.or. .expünging of, the. TVP. ‘muscle 





can’ créate ‘prolonged” negative, middle 


wer 
FI 


;pressures;depeh jon thé TVP mus- 
:cle. These studies;showed conclusively 
: "that surgical alteration of the TVP mus- 
cle .affects- tubal function and: Ter, 
“that ‘this müscle. is 
* dilator of the. EL 


Anatomical evidence amped’ that 









"of E : 


ates that of humüns." Previous: work- 


otitis media- with effü- . 





equilibratión.of"ap- — . 
egative: middlé ear 



































ES 


‘the aCEVE penen or. C 


«the TVP muscle is supplied -by the mañ- .c 


“dibular -division:of the trigeminal nerve ` 


“through’a: branch of- the otic ganglion? 
“The .LVP-muscle is innervated by’ the 
"long, Joop-like pharyngeal branch of the 
vagus ‘nerve,. the ‘facial: nerve and the 
glossopharyngeal mérvez?. ae 


"The présent Study. was rime, to 
iysoogicaly validate : the, 1 motor in- 






| CANTEKIN-ET AL |: 





ig. 1. The | "the. mandibular. di f. the 
- trigeminal. nerve in ‘the. Rhe key, J inclies are: 1) the nerve: to: the. TVP 
muscle, 2) the,nerve’ to: the: internal oid-müscle, 3) the. tend pterygoid im 
4 the masseteri jeso), tlie. deep-tentpo erve; 6) the auricu loteripora nerve, “and 

I letters [ send to various, irn e. » positions “on 








shaved and 0. à ce of Spice: was given sub- 
“eutaneously. The animal then réceived’ sodi- 


qua itatively: um péntabarbital. (35 mg/kg) intravenously, 


elé'is the only: 


ith thesis monkey. -< ..temporomandibular region to the surgeon. The 
istáblishi a stimu- rahe ie yeo eruat, pious rae 
i ~Letween stim.: iodine solution followed by alcohol. ‘an 
ri ies relations eis de: of the skin was infiltrated with a local anesthetic”. 
ulus Intensity an e. d ude. OF "(9g ‘lidocaine hydrochloride, 1;100,000-epi- 
chi a the EE: lumen. ME Mu nephrine). ‘The „sternomastoid muscle "was. pal- 
l pated: and an-ineision. was, extended fromi-thé 
snperoanterior attachment. of that muscle. along’ `. 
its anterior -border for about 4 cm. "The skin 
5. . was separated with a retractor and the sterno- * 
; :mastoid-parotid.. border..was identified. The 
`” fascial plane along this border was dissected ` 
Dante and. the ‘parotid was .reflécted - from 
;the.:deeper ‘structures’ to expose the.. facial 
E i pg as ee enl 
aie a ‘were igáted. and divi edial to the. faci: 
toed with "deti "hydroctiloride:( 10; mg/kg).: p .thé.petrosal bulla could be palpated. 
` A myringotomy..was pérformerl underan op- Blunt: dissectión .was‘éxtended inferior to the 
-erating du scope tising:an 18? gauige: spinal - facial:nerve in a. medial and superior direc- * 
-tap needle. The middle’ ear was examined ‘and. 
found t bé-free; of fluid vh s à - pormál 4miz::.serted. The inferolateral surface -of the 'bülla 
lie "Minpoumkodim ar , región was was 4 identified and the area from the anterior 


c demonstrate 
. dilator of, the E 

















A Five juvenile: Ben aiki weighing? 
j jl pripalo . Were observed ` 





























: was intubated and repositioned to expose the, ' 





"tion "and ` self-retaining retractors were fh- - 
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Fig. : isenta n of. the ‘instrumentation emplojs lefe:: | : 
ness, an: abs he Rhesus: mionkey E ET - madle gar system. xis ingluded (see : 
text ford ails), : A j 





tip of the bill 
foramen oyalé 


a 
temporal, branch. of the Find. he divisio 
the trigeminal nerve: was ‘dissected away ‘fro 
the surrounding tissue. This: nerve was: fol- 
lowed tó the foramen ovale and. the ^ fiérve 
ones the ierat “ptérygoid: muscle "was 
l enti£ 


Stainless ‘Steel. needlé electrodés (Bedkmán- d x a 


EMG electrodes) were then placed at À:E 


along tlie mandibular division. of the trigemi- `”. 
e l. The elec- .'5 
except for: a 2. °. 
mm portion -at their tips and were bent into’. 
ape for easier attachment to’ the’ 


. nal nerve as illustrated in Figt 
trode needles were insulate 


208 hook: sh. 
5: ', nerve. As depicted in Figure 2, a ground elec- 


"trode ‘was. inserted into the internal pterygoid : 


muscle; ‘Two *ünipolar electrodes, ` positioned: 
-withir the foramen ovale on, the mandibular 
in of. the ‘trigeminal. nerve, were. ton- 






' nected’ to'a stimulator (Grass Modèl .SD-5); 
4 The manometric system monitored the middle ' uw 
“ear pressure and the flow through the ET. (this ; +: - 
-same System: was utilized ‘in: the: previous ‘+ 
The ` poi api ‘system ` ‘Was: con- 

nected. to the middle. ear via an inflatable’ 
cuff, through which, before: stimülation: ofthe. 


‘the middle ear was inflated: by:ápply- ~ electrodes: 


"these 3nuscles. Pressure. and „flow re- 
s cordings from the: upstream ofthe: stim- 


19; 22.5 cc/min). After the steady-state con- ` ‘lating: side: (middle, ‘ear ' eavity,: evi- ` 


study). 


nerve, 
ing a "fixed 
source unti 
tube’ was kept dilated by maintaining t 
flow at one of three constant flow “rates (5, 


He rate from a. constant flow. 


. ditions for middle ear pressure and “flow ‘rate - 


through the ET were achieved (predilating 










n aiig. microscope, 


the ET was. forced. open; The 
je air 





tant air flow), an’ “introduced “stimilus, of. 
UR amplitude. amd: duration induGed’ 
atraction of the. TYP 
f the.E lumen which was re- 















is; & asina wag placéd ina 
ani “4: Dingman. mouth. gag 
dequate exposure of the 

‘operating ‘microscope, 






cle were bored. dd 

:Finaffy,:the. TVP muscle 
and tendon were transected immediately pos- 
terior to the-hamuülar process of the medial 


pterygoid laniina to the cranial base. The stim-.. 


ulation. experiment: was repeated to. obtain a 


parque still ge serpong relationship. : 





UE + X 


incisión «was TRUE just. lateral. 


Tw three pielen: éxperiments, the 





TENSOR VELI TRASAT oe 





“muscle. and -conse- '. 


e steady-state pressure. i 


> 


aid-gf the oper- ` 
















TVP and EVP muscles werė exposed via ` 2nd 









a - palatal: 





ete: : directly:, inplanted ` into 





:denced: dilatio i$ of. tlie ET- with-direct 
Stimulus fo “th TYP muscle." ‘When the 








The’. stimulating * . 


^ 
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h Fig. 3; How patens ‘associated with diff 
: pU. steady-state: middle “ear pressure, and flow: 
-tained by continuous delivery: of: constant 
* "Further dilàtion of the.ET b 
-mum.£flow^rate (Quas) Cortes 
.tión. of this positive-flow increas 
‘time! 'scale'for all frames, ds th 
stimulus pulse of: 1 
_Aetween ‘stitmulation experi 

the same anithal with: c 

€ proximately 5, 12 
^ variations? ‘due: fo'Qi.w 

able* effect: On: ‘the « Loy 


indito " Frame 2) 
(Qu. through the ET’ were main- 
an. “alert a d animal. 


Dow 








e stimulation ‘amplitude created a biphasic flow- ‘pattern: (Frame, 
f)), indicating that ‘the: injtial dilation of the tube was followéd by constriction, „Further 
increases in stimulüs intensity lengthened this postdilation constriction (F rame” g 
„Frames g) and h) show. that initial coristrictión of -the tube was followed by „a. dilati 

i'-and a constriction. The postdilation constriction iri Frame h) was sustained. for t 
onds. ‘Fame dx der picts a flow, „pattem of. constriction associated with. electrod 
ment at^ a ge 









ge 






Eae "WAS: applied only t to the. LVP © ihade. ihe "appróa 


Dm tencies. 
or muscle, :constrictions of. the “tube were 
7 recorded. ‘In ‘general; these: recórdings 


spread, of ` 'stimulating.current.and im- 





proper grópndisg: of the preparation : àre ` 
td haye, caused. these. incorisis- 


l thought 






' sċribed, in the Methods section 
^ ‘posure. and stimulation of- thé trigérairia 
. wére" not ‘reproducible. and stimulus- 

response relationships could not be: ob- stimulation, ` 
tained. Diffi&ulties of controlling the. ` 
atthe. foramen’ ‘ovale, different electrodi 

_ Positions: -were tried in an peep 











nerve, "was. chosen `c ‘over direct muscle 
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Fig. 4.. Examples of ‘tubal dilation: by ` 
single stimulus pulses and; by continuous 0 
stimuli. Top trace. shov 
plied : positive -mid 
P onding to-single;:Il- V. 

ulses of 100 “mse¢::duration; 
Fisker shows -ne-second:: 1 
bottom trace depicts 2° “sustained: 
tion by a 150 Hz, continuon: ‘stimul 
two seconds duration. . E 


locate the most Getic stint 
(Fig. 1). The placement o 


Op 
. at A and B had no effect on the: tubal. 


..* «dilation. Positioning the electrodes at D 

-and E resulted only in the constriction 

“of: the tube. Dilations of the tube were 

observed“ when: ‘the electrodes were 

pla ed at B'and C or at C'ànd D. The 

' dátieported' are recorded from elec: 
-tfode positioned at C ånd D. . x 


E iparison between tubal’ dila- 
‘dtiring ‘physiological. testing with 
e alert animal and dilation during the 
ne éxperinients is. shown in Fig- 
ese-flow-time. traces were all 
btained”: during. continuous air. ‘flow 
ough the ET.: This -approach . was 
od: in order: to’ avoid the. effects of - 
nttaluminal mucus . ‘on: tubal’ dilation. 
n;Figure 3, frame (a) shows‘the'flow . 
ade during physiological: opening `of 
hé tube when the alert animal. pwal 
















“DILATION oF EUSTAGHTAN TUBE 


‘magnitude of dilation ET. (as 
"measured by maàximüm flow. raté) i 








excess sid d Laite avers a 


ii uted to curtent léaks which stimulated. 


‘the. internal’ pterygoid. muscle. ‘Since: the 


nerve to the internal pterygoid muscle 


could not be grounded; this constrictive 
behavior was observed throughout all.of 
‘the experinients when high stimulus iñ- 
tensitiós: yere ‘used . oe 15 to 20 A 





übe pad The ti top, trace. ini ies d 4. 
eals consistent di ations öf fhe ET as. 


“measured by pressure ‘drops’ "correspond: 


xig to’ éach.stirirulus pulse.’ The: bottom: ^ 
cé shows;sustained ET. ópening when 

tiniulus intensity was, ‘contin 
deliveréd.. ~The: ET ` remained: 


Red préssuré. 
middle. ear cavity 


"For the remaining: xperiments, single,. 


E “square wave pulses. of 100 msec were | - 


used to obtain: the stimulus-response zs 
characteristics: of tubal ` dilation: The d 
effect of “stimulus “ampliti : 






shown in-Figure ‘5: “These recordings i p^ 


: were from three animals in' which three . 


discreet, predilatíng : ‘Gonstant flow rates 
were.applied. They reveal: that, depend- - 


"ing upon experimental. conditions, tubal 





dilations can be initiated by: stimulating 


~ the:mandibular ner've-vith-4 to; 7 V..The. 
umen flow, rate ducas in. propor 


P a .. . CANTEKIN ET AL 








«wt 1 Fig. 5. Maxiinum. flow. raté 7 jag) i as a. Frac of xis duds uj. The 
" responses for single, square wave pulses of 100 ‘msec duration are shown for three steady- 

, State continuous flow rates (Oo). Symbols.A,-.0 and. @ correspond to. mean Q values of 
? eho and oy xis de res pectively. "Tlie-recordirigs for De animals dre presented. ‘The 


Fetter following the 1 ghtitication numb 1 of. the-aniinal. Somtespands to; ae side: (R - 
Might; Y eeeh ested, UC tite Tage 
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nre que e---o- 7-7 
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: ‘Fig. é viction of stimulus. anplitude 4A) Th j 
Cornet ie fh g.-5,: The: ratio of middle ear pressure to- maximum 
xx) ds he fame as R "I ‘the: ‘dbSence ‘of an applied’ stimulus, Qv is substituted ^ 
2 Data: points present&d-are.for:three steady-state. continuous-flow. rates: 5. (ae 
: d 22.5 (91. eink The’ minimum résistance Cortesponüs. to maximum 






























DILATION OF, EUSTACHIAN TUBE 


DA vous 


. "ig. T; Déietion ‘of ET dilation. CI) as à. A Of timült 
symbol convention of Fig. 5 is used, to pent th data. “points: Recordings from hee 


arare are showa 


certaiii gids. 
further. increases in 


high stimulus intensi 
dings.’ hav. 
following the init al 
the traces shown in Figi 

effective" range of" stimuli 
for- heec animals 


over a narrower ` 
-mitudés: han the: record! 
. the eft frame. ~ 


„middle ear pressure . level,®- . 
ance is a.better measure of - 


ve eatin ear pressure. In 
tubal resistance "values ar” 
à function of stimulus ampli- 
>, The passive resistance, cotrespond: 
ing to.théinstimulated condition (A= 
Oy. is ‘define “as the ratio of middle ear 
~ pressure. to-the predilating applied:coi 
"stant. Tow d rate, Resistance: values, smal: 











































A ire dilationis:of the ET. 


ms d the ET is ae 








ing tests: The a ; 
;denced: slightly shorter 5 






tU 8És 
E de 
zz 






k Te n i EEF gN 
ef than the-passive resfstaric 


the ET during. stimulation. et hs. 
bal resistance values larger than th 


passive. ‘resistance values. Thus, the. miti- . ' ^ 


resistance corresponds to:tlie ‘maxi-. 
dilation. The tubal résistance-statts A 
reasing,with a 4 to TX stimulus in- » 
insity; reaching a minim. at ‘aréund 
herlékt f 
mulus‘elicited the greatest « dilation for- 
pimal: 21031. 






“and. 257, "Gom: 
técotded above 


ET opening (Ta) 

y induced dilations is in- 
Eos Bon the time that the predilation 
flow rate.is elevated. The duration” of: 
tubal opening .vérsus stimulus amplitude” 
-iş -illustrated: in 7Bigure 7 There: “were : 
‘individual relationships Bet 






“ulus: “amplitude ; and: the duration: B ET ; Ln 


opening among the three animals. The - 

‘Teft frame shows tubal dilation lasting 

as bus à$.120: to.-150. msec. This is com- ` 
ble 









pg evi- 
perüng. .dura- 
ions of 1e less, than: xd imseer "Again 











dé thy’ Ted cu. 





fame shows’ ‘that a l4 V ~” 


rthér; incréasesoi ‘in’ “stim. gr 














"GMax (cc /min] - 
ios $ . 
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, Aim H,0vec per LO et 






.25 
E lec/min) z 





"v mi n H ‘of ' 
e Stimulus (Ts) on:the dur- — - : ' 
oof, ET ‘dilation (TA), maximum flow: .: dg. 7e: Tubal resistance: x RY during 
“rate (Qa), and ‘tibal. résistance (K).':. © testing with ‘alert. animal ‘and’ during» a 





- «Data. points are reported. for à constant ^. ‘stimulation experiment:as.a function of 
sc: Stimülus amplitude ‘of .7.5. to 8.5 V and: . ‘the mec d flow. tate (QI: - The pas- 
D "for. a "continuous: ‘steady-state flowrate at X E E sive. resistance’ val ues (0) ‘or two physio- 





v logical recgrdings are ‘de erated by. ae sts 

2 Mine. The data- points (e ` contiected 

"S8 dashed: line “i ilastrate ` è. Lea ae 

"resistance. during testing with ani- 

mal, The passive resistance- tay ‘ante 

the ‘stimulation deseen ard- ÉT -résis- 
onding” toa-10 V stim- 
ig “same”: animal, 















ae S arte aed Jines, connect th 


d duration of tubaltópining ; í | 
.alüs-dependent. measure. and” ip 
: tensity stimulation: irediå thi 
- 8 The effect of” tind da i. on, th 
Veo above ‘mentioned tuba 
lilation nan 
















z io physiologic r 
; als-orto decer de o£ the mándib- . s 









“during the: alert. testing and. the Pau wi 
niunction witha’ tion experiment; And. exhibited a, stron. 
low F12 col. dependence on: the predilating flow : rate. 
iioi " Thé. active xesistance was:i d 





CP sions i in 
predilating” constant -{ 
min was utilized. ` 


. duration (range 20- 800- pin. on: ink 
`, magnitude and duration ,of^tubal: dilà-^ -values during the stiniilation experimen 
: ^ ition: Data shown, here suggest thatthe. and during testing ‘with the alert anim 


. ET openings were ui d “of s stim "were in.close agreement; indicating, tha 
, ulu$ duration... "^. éléctrical stimulation almost as. ef." 


- fectiv logic 

vA comparison. ‘between tlie Tastilcal “dilating ae LE. E i swallowing. # a 
stimulation results and testing Wwith.alert `. cR T EES ut 
animals is shown in Figure 9.:Two. ©- To. demonstrat : that-the TVP muscle 

` measures of tubal resistance "aré - ‘de- is responsible. for this tubal opening: thi 
picted in this figuré: active and passive. : muscle was. transected.’ First, a. set. of 
resistance. Passive. resistance. ‘was pre- , Stimulus. Vérsus: tubal. ‘dilation da 
viously defined. The. activé: resistance is. obtained. ‘Figure: 10: shows. the-stimülus- : 
defined as the: ‘ratio. -of middle-éar' pres- ‘ataplitudé versus: tubal tesistance; before". 
sure to the maximum flow Tate: dering s ae onem. :of the, muscle. After. the; 
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TEES 
A (VOLTS) 


Fig. 10. Tubal resistance’ (Ry ‘before 
and after transection of the ’ 
as a function of stimulus amplitude: (A). 


Pretransection (O-O) and posttransection `° ti 
( 8-0.) recordings are shown. Data points. - 
are reported for a: steady-state contiguous". ee 


flow rate of, 12 cc/min. - 





surgical procedure; “there. Wat nó clings: 
in the tubal ’fesistancé: regan 
stimulus intensity. This" indicates tha 
tubal dilations.did- mot "decus 
experiméntal evidence 
the relationship between the:stea y-state, 
air-flow rate: sian U 









E other, nok tho! üitnount Hs sitet T 
me flow did not-affett the-final'level of x -- 
by-active.muscle pull; <+ 


tions | of the Ped Salar to her dia, 


2 tubal -opentig : ‘during: wallowing::could.- 
: .be-obtained when ‘thé: :mandibiilar ‘di~ ` 
nae vision: of the ‘trigeminal nerve- was elec-- 


-..ttieally.. stimulated. by ::single,.' square 
: wave pulses. Furthérmore, the degree of 


2 ‘tabal:.dilation could? be- controlled -by. 
` the intensity: of the stimulus; In testing’ 
with ‘alert:animals; swallowirig elicitéd -. 

The: 

7 contraction , or. t. strength of the. muscle 


: .coritraction; of the TVP musclé. 


muscle `... 





"v to: 10: volts): ptior to TVP transection, are 









rdless of ‘the: 


ds ‘displa éd ‘as’ i tensio n 
: degree 'of” tubal opening > was’ readily 
augers d e 5) testing resis- ' 





„constrictions pi 










Figs 1L “Tubal reddita Ay "Defóre , 
, md: after transection of the TYP müscle-, 
' as a function of steady-state air flow rate ~ 

(Qu): Recordings of' passive resistance. - 

0-0). and, stimulation data’ (0-9). XT 


oed "In; . pósttransection:-:-recordini S re 
there; were. ho. ones ‘between. r 
A) and ‘the ET: te. 
ulation: Cade mU. 


isinlly onstaht: “This fixed `. 




















g of the. E 

ra] wall, Whereas in the stim» ` 
xpérinient,.. this- muscle 'pull 
e: controlled” by the stimulation 





: ados qegponte relationship 





which induces tubal dilation) to “the.” 
stimulus intensity eliciting the maximum '; 


-dilátions, With higher levels of intensity, 


the.flow recordings showed constrictions 


` òf the'ET following dilations. With. in- 


creasing ` intensity...of. stimulation, the 
‘cathe greater, and finally 
dilations: were: not:observed. This type 





-of behavior was’ not observed in any of 
the: testing : sessions” with: normal, alert 
on This phun is probably 











. .waglinear from a threshold stimulus: - " " 
-:level (minimum amplitude of stimulus 








E ae 
7 excitatión - ud t o de current from 
-"the;stimulátión' site, but high. enough . 
. ., Stiintlus intensities; might ‘have activated ` 

^. this’ muscle. -Because ofits: rélative size ` 








>> ‘and proximity ta: the. ET; the^contrac- 
*«4ions of thé internal ‘pterygoid ‘could: 


" ; Overcome the’ contractions of the TVP.: 


* le; Additi ti idence: E 
Eo iona! mupporiing eyi Ru -_,vthiose reported by. Holborow.* In. his 


"for this hypothesis was that ETc 
strittions were recorded -when the: déc: 
ee trodes were placed directly on the nery 


rye 
7,49 ‘the! internal pterygoid. muscle (posi: 





.tiói „Dand E in Fig. 1). 


A “Following application of de s wilds, 

tubal dilations weré-recorded: ayithin: 30; 

tised:.: This latency: meásuremént ' WAS 

a limited b the: fredtiency: ‘response of the 
; m : 


















the -repott; tiu et. 
ari; order: of E ED 
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a . Ex 








ulus applied to the nerve hat innervates, ' 


this muscle. In the second part ef.-the.™ 
$3) "The active" ‘tubal resist 


experiment, before transecting the-mu 
cle, the TVP contractions were. directly". 
visualized under the microscope." They ` 
"were synchronized to the: stimulus: : 
pulses. No other paratubal muscle :cón- ` 
tractions were observed;when the stim: 

. ulus intensity was less than 15: V.:Abóve 
that, the internal pterygoid movements 

; could be seen. Following" transection of 

















density. "Duration: of ine reals oe E 
on to. d results (Fig: 8)-. d 


- Jevatar. via the:motor-n 






Eie TVP masc auks interigitieg. of 


“up to 80 V failed to elicit tubal dilations. 


ith 4 Also, continuous: stimulation could’ not 


induce . tubal ‘openings. - Postoperative 
“testing of these animals while they were 


"alert showed an-absence of ET dilations 
during swallowing for several weeks fol- 
lowing tlie-surgery. Then gradually, the 


muscle function résumed;-in accordance 
with previous. observations. 


“These sae differ sonet from 


stimulation: experiment..on -dogs, he re- 
ported -that : although ‘transection of the 
TVP ‘tiuscléreduced: the magnitude of 
tubal dilatiéns; the procedure did not 
completely,’ ‘abolish.’ istentións, His re- 
sults and/those presénted:. in the present 


“Study aie conflicting, However, the dif- 
“ference is’ explicable: 


terms of the 
degree of inducéd:-musciilar dysfunc- 
X1 Holbaiow transécted. the tendon at 








is ‘tho 
1 ptery oid 
don: alone 






-TVP muscles 

y: by "electrodes . placed-: within: 
AR -Only ‘tubal . constrictions. 
were’. récordéd when thé: DT muscle’; 





were ‘stim ated -: n 





attempts "were sma 





ve: sur ay to^ 
"this muscle. Duting. the. stimulation: fof 
;the. mándibular-nerve, ET dilations were 
‘similar’ to. physio ical : ‘tubal’ openings - 
, when the alert animal was ‘tested? ( 















corresponding | to: “maximum, -i 
were almost identical with activé. 
‘tance measured. during swallowing :( Fig 
.:9).'In óre-of the: éxpériments, the: E VP 
muscle; Was :transected: and’ stimulation. - 
o£.the mandibular nerve. was répeated. 
` There were nó. changes”. in: the: tubal - 
opening: Thé , conclusion to. be drawn. de 












DILATION OF  EUSPACHIAN. TUBE ir E T Ma 










dioi: «liege spécial is that the TVP the Rhesus db and thátits: 
muscle is the.only parátubal muscle- innervation is the mandibülar diyiston 


which i is responsible ' for ET dilations. in of the trigeminal, nerve. 
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To catablish a an experisientil .basis-for sur 
distin which aims at raising the,vdcal pitch, 
cothyroid distance was analyzed” 















to, 


cricothyroid distance reai 









“has ebeen: reported: 
; itch iri. fémialeswho ha 
jees This: disorder ‘of pi 

is; frequéutly: caused.:by: 1) ‘médication 
3 tiabolic stéroids;: 2); “disturb: 





M ticøthyroid ` (CÉ) 
surgical ‘procedure. for this- disorder, we 
have proposed a thyroplasty Type. IV, 
E CT approximation." p 





- To gbtain an fexberiiental s for. 


this procedure, "we designed ‘an experi- 


"ment to,leám 1) the relatioriship be: - 
' tween, the vocal pitch and the CT dis~. 
~ v tahcesand 2).the most effective means. . 
2 E suturing to shorten the. CT distarice, ; 





t METHODS. AND' MATERIALS 


"Six excised hein larynges. with.no patho- 
. legical changes on the vocal cords (four males 


and two females) were used to produce an ar-; 


voro, JAPAN: 


bance of ^ 
éndocritié systém or; 3): paralysis of 
muscles. “AS a. 





“Noses Issa; MD 





ical ap RaT :o£ thes anterior cricothyroid 
e relationship bétween -vocal pitch ‘and the cri- 


dices produced with excised human larynges..(four male 
a, and two female lárynges).. Within the framework of the experimental -¢onditions:; 

"A. conclusions were drawn: 1) The vocal pitch: expressed in semitones was, almost: ‘linearly relat 
the cricothyroid distance, with an increase of 0.15 to 0.90 semitones’ pef m 
thyroid, approrimianon: 2) The riše O u Pod a plateau when. the force „applied to 


‘the following 
iéter of .crico- 


gm. 






Two! oints weré ked: b éach laryngeal 
` specimenon the.antetior midline, one on the 
^ slower margir’ ‘of the thyroid cartilage, and the 
- other-on the-üpper margin: of cricoid cartilage. 
"The distance between these two: points was de- 
"fined as the CT: distance (Fig. 2). The CT dis- 
" tance was adjusted by two nel a) by load- 
‘ing weights onto a nylon thread. sutured to the 
thyroid cartilage in the midline- (Fig. 2), and 
b). by tightening a nylon thread spanning tl d 
S thyroid and: 'ericoid ceri ge es at'one of thr 
different suture 'sites. 
; these were, 1).the: idine, ‘BY the site corré. 





“muscle:.and 3) the site: corresponding. to. the 
pars obliqua of the same: SEEN 
Under? each. of :th 
was prodiiced artificially Ath adhe specimen. ` 
V The flow raté an the subglottal 
' held constant for réad 
: and voéal cord length’ Were iüeasured, for.edch 
“trial: der and.the: pite f voiée p 









tificial voice. The cricoid cartilage ‘was fixéd s 


` with an iron holder, while the thyroid cartilage ' 


^. was left free. Glottal closure was achieved by 


simulating the contraction of the lateral crico- - 


arytenoid. and interarytenoid musclés'by use 
of known Weights connected to the muscular 
process of the arytenoid cartilage (Fig. 1). A 
weight of 20 or 50 gm was applied to simu- 
late the contraction of the lateral cricoaryte- 

„ noid muscles, and of 10 gm for the interary- 
tenoid muscle? | - 


These conditions of glottal ree were held 
constant for each experiment. Vibration of the 


From the Voice Science Laboratory, Departments 9r Ololersmgology end: F 


Kyoto University, Kyoto, Japan, 


RESULTS: 


Weight (Contractional. Fores of the" 


Cricothyroid Muscles) . and; the: Vocal 


52 


shownü.in Figure: 3 : 


“sponding to the pars tecta ‘of the-cricathyroid”” 


pre 
. The ‘CT -distance 
















z ^57 ELEVATION.OF VOCAL PITCH <“ 





Fig. 1. Clottal Yosure was. [achieved by 
simulating .the;cóntraótion of the lateral 
cricoarytenoid - nd interarytenoid muscles 
by use of kriósvn wéiglits connected to the 
muscular process:of the arytenoid carti- 
lage. W,::=-, Weighis correspond. to the 
forces. produced. ‘by: the lateral cricoaryte 
noid muscles; Me ‘= Weights correspond: 
to the forces 1 roduc d.b the Tüteraryte: 
noid muscle. 2 a 









Pitch. The lation hip po en- the 
vocal pitch: and the 5 ‘weig plied “in 
e direction, of the cricot et 


elevation of the pitch is remarkable’. 
and almost linearly related with the 
weight up.to"30 to 50 gm. Weighing . 


over that value raises t e Pith only . 


E slightly. 








The citoothyroid distance (er) 
. "adjusted by loading:a weight (W) 
onto. a ‘nylon’ thread. sutured tö.: the. hy- 
roid cartilage , in za midline. 5 








mde 2s 
s shown in’ Figure 4. It is noted ha 


` in Figure 6: Althou 


Figure, 8 shows the. eim ‘in Ta 












Fig. 3..'The Anad distinde. was’ 
added: ‘by: tightening: the nylon thread 
.spanbing:the ,thyroid and, cricoid’ carti- 
lages at ohe. of three:suture sites: 1) the 

. midline,» 2) the site corresponding to the 
pars reóta.:of the cricothyroid muscle, 3) .. "' 
«si rresponding to the pars Riu 


Thé relatiodthip et ct 

tance and the vocal: rr ds ‘llustegted - pu. 
e the; piteh'inere- . ` 

‘ment per unit ‘shortening of CT distanóe- 
varies ‘from one specimen to another, 
the relationship, between pitch and CT: . 
distance is genetally almost linear, The .- 
, pitch increment per- unit: shortening of | 
CT- distance - tend: to be greater in fe." | 
malg uA x fos 1 and. a in mile. i 








7/1090 a * 
i / m 
oe Le 9777 
e 
^R of ere 
BOO) Gee eee, Lene 
ord E sone Le 
m 4-9 ecc 
m. $A awe 
0200j: 6—0—77 
> LE 
eo 
100 — “ "n 
o 50 100 200 
weight gm, 
Specimen number 
*1 x3 os 
02 og 8 


Fig. 4. The change of vocal pitch in- 
duced by the force (weight) simulating 
the cricothyroid muscle. 'There is a linear 
relationship between vocal pitch and the 
force -( weight) of the cricothyroid mus- 
cle. Note that weights in excess of 50 gm 
raise pitch only slightly. 
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Fig. 7. Elevation of vocal pitch as a 
function of-CT distance for three suture 
sites. Numbers correspond to, the suture 
-. Sites shown in' Fig. 3. No significant dif- 
„| ference in pitch elevation is’.seen among 



































: . tance is much reduced when qoa Ea E ME 4, 
/ ^.eeeds 50 gm, s^ oum t pitch rises às a-function of CT dis- 
M E C NEN ice: for. ‘the: three sutures. The num- 
"^ - Shortening of thé, CT idistance: by: ers inthis figure correspond to the 
'- “-elevates:the pitch by: 035 to” 0:9 
:Cricothytoid: Approximation: with; Ni» © ên t 
lon. Sunc. In oder to fid-the most “degree of pitch elevation was’ obtained 
effective position and direction ‘-for . regardless: of" the ‘suture “position pro- 
* pitch elevation. of the:suturé« eting ^i: : 
the ericoid and thyroid: cartilages; the ; 
three suture sités described:aboye were. 
compared. Eigure^T..shows; the’ results - 
. + for che of the. spebimens, . indicating 
2 a Vu. 
z i600. 
2 500 
> 200 SP he Pa 





om? i x 
100 


i109 8 7 6 5 4 3 2 1 0 





CT .distance mm 


specimen number 100 
* x3 eb 
02 o4 “6 


wt" 7 o Fig. 6. CT distance and vocal pitch 
i show an almost linear relationship. The : um 
ne increment per unit shortening of CT Fig. 8, A steeper’ elevatio 
istance tends to be greater in female obtainéd with the suture. at-site 

larynges (nos. 1 and 2) than male, sitel, ..- ES 





to ` oe 


(pide. 
than"at .<. 
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could not be tested line of the 
vanced calcification of the thyroid cå 
tilages: A í 





m DISCUSSION 


"In io. specimens. out 
- ing of the suture: 
of the cricothyroid muscle (site 2) : 
duced a greater ‘elevation of pitcli-t 
at the other. two. sites;. On. the: other 


six, position- . 








hand, no remarkable differences in pitch ` * 
between’ the ^ 


elevation were observéd: 
three suture sites. in- th 
specimens. To evaluate: the<suture sites, 






anatomical], features must: be considered: 


with the findings: of this study.. "The 
thyroid cartilage is “rather: thin in: the 


midportion, and a needle placed in this’ 
position can easily injure~ the: mucous *.- 
membrane of the laryngeal. ‘cavity, On `., 
the other hand, the. sites. to which: ‘the n 
pars obliqua: and ` pars”: recta/;óf . thie - 


. ericothyroid ‘miiscle are ‘atta 
thicker and ‘can withstand ; 
: of the se bdo Also.in 


1. Isshiki N;; Morita H, Okamura H. u a 


Thyro plasty asan 


gical. techniq 
Acta ( Otolaryngol. 


 phonolo 


& pars po 













hoeloe Ea a satürá ‘in. ole site - 


_is relatively difficult. It can thus des 
“concluded that the.’ approximation of - 
- the CT cartilages by suturing at site e i 


ds advisable, 


"pitch resulting from à 1 mm approxi- ` 


mation of CT cartilages was 0.15 to 


0.90 ` semitones. The experiment was- 


pérformed on larynges which had: no 


pathological changes in the vocal cords. ^ . — 
linical practice, . abnormally low. -n 

i Frequently. cated AL 
xiabolic. steroids, s 











: 2, Isshiki’ N, Okamura 'H,. Ishikawa T; 58- 


"Thyroplasty. type. I (Iateralcoini resšion) for . 








dysphonià due to vocal cord pa ysis-or atro- 
Y. icta bourn C Sum 











80; 465- 473," * 


i nai — Kezutomo. Kitajima, MD; Voice Science Lab; 
^ School of ‘Medicine, yoa, pet Xyotó, 906, Topea 
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“CANADIAN OTOUARYNGOLOCICAL SOCIETY 


~ “The annual: mesüng of the Canadian Didi yngological Society will be held June 6-8, we 
at ‘the:Harbour Castle Hotel, Toronto, Ontario. Inquiries may be sent to Dr. David Briant, S ec- 
any St.: Michaels ‘Hospital, Toronto, Ontario M5B 1W8. f ; 
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ttinent” of Otley, . 





in our,experimént- using. the a oí > 


‘ther. four" human ` cadaver, the. elevation of the 
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ds Sio win 
l screening, for de. isa 


7 cterést dn..rniddle: eat:«disease; : 
` * more'to the ubiquity ;of-middl 
. ease in’ the e gedidris 











on a tes “for E middle ear: disdasé “amon reidtoalt childzén, tympanometry — 
as shed. to audiometry — has* ; three advantageous attributes: a’ high ‘degree ` ‘of sensitivity, 
thinimal ;need for subject ~ coopération, and total objectivity. For these reasons interest has 
fen in tympanometry . .8$- at method for screening, i.e., identifying children with: previously 
Re ted - muta ear disease; "However, uncertainty persists concerning the importance of de- 
_ tectingapparentl yi asymptómatió middlé ear effusions, and concerning optimal methods; or even 
` the advisability, ‘of treating them Bien; the sensitivity and specificity -of tympanometry de- 
Nd pn, show the puit cutoff defined. Defining this cutoff point sọ.as to achieve 
" 3 : specificity, with the production of large numbers 
Is, Data are presented to show How the validity 
attention to the gradient of ' ^négative-pressure" 
EM vron aforementioned uncertainties, „and. with 














tympanogranis. At the” 
- adequate validation às: ; 
: impedance screening. in presá 
"rant embarking on large-scale 
‘to explore the issue MER 



















g interest . in. impiis. a: 
: reflection i Basis children ance iy the world 
lin-* who have middle ear: disease without 

m M eA symptoms, dentifyirg | such 

hildren and.thén sort ir: Prob- 










not“only.-of heightened profe: 









dle ear. P ins Bare àti^7— 
f ‘not terrifying, and thé 
fiscal; ‘implications: arë: correspondingly 
reliability of their responses. +: ^ _ great. It was theréfore’ hot. without trep- ! 
Now, however, with the^ advent. of idation that we, “undertook - to. review. 
impedance testing, and in particular, ` and synthesize . available: information ~ 
tympanometry, we have available a tool "bearing on. the: subject of. impeédane 
that first of all is highly sensitive in de- — screening in preschool. children, y : 
tecting ‘middle ear disorders; secondly, * the basis of that.information, t makèt: 
calls on only the: most rudimentary par- recommendations as:to what. constitites — 








:: tiċipatioņn and ‘cooperation by the sub- appropriate professional - effort. in this. 


is Feet and thirdly; is entirely objective. area at this time. © — 5s: + 


School of Medicine, and the Ambulatory Care Center, Children's Hospital, of. -Rittsburgh, 





From the Departments of Pediatrics and Community Medicine, Univérsity- of. Pii: A. 





burgh, Pennsylvania. 


y Presented at the Symposium on Impedance Screening for Children,’ 
ence): of Medicine, Nashville, Tennessee, June 20, 1977 
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v niderbilt, University . 
























l IMPEDANCE SCREENING 


TABLE 1. DIAGNOSIS vs. SCRÉENING ' 








Diagnosis ^^ Screening. 





Disease identification. . 
; Se Q6 in subjects 
‘without symptoms 





MEANING AND PURPOSE or SCREENING 


Before addressing the subject of i 
pedance. screening -for.: preschool e 


dren, it. séems: worthwhile to ‘consider’ 


certain general aspects of screening 
borrowing from the. excellent review. 
Frankenburg::-: within the context of 
our knowledge, and our'lack of knowl- 
edge, about. 4niddle ear disease in chil- 
dren. 


Table. 1 ‘summarizes the important 
conceptual difference between diag- 


nosis on the one hand and screening on, = 
the other. The World Health Organi- 


zations- definition of screening: stat 
"Screening tests sort ...otit ` appareit 


ly, 

~- wéll persons: who probably do not-háve ,: 
a disease. from: those: who. probably. dó: . 7 

ase. A oe test is mot : 









e ae 


a a dicat or opal be odd m 
tain, criteria." Fist of. alt. at sho ab 


at any setts momen! 
“found. ‘commonly .in the^population be 


ing. considered.’ Next; there should: be. 


‘accepted criteria for. ‘diagnosis, : so` that 


.ohe can. eventually "bé certain which 
~ individuals’ have ‘the disease and which ` 


-do: not, Next, the disease should be’ 
*"treatable - or. Gontrollable ` — Otherwise 


" presymptomatic. diagnosis may result. 


only.in anxiety and frustration. Next, 
there should be-an-adeantagé to early 
~ treatment, iœ., treatment before symp- 
E toms’ appear.- Next, there should be 
_. enough time. ‘available in which to ini- 
tiate. treatment: If the damage. is done 


Ee i - zbefóre. effective ‘treatment can be insti- 


“tuted; there .is little point in screening. 
And bo there should be available 


. Disease detection * 













diagnostic : and ‘treatment. Tesources.. it l 


. isan intrusion on privacy and ad un- .-., 


warranted--mpósition.to test: a child . 
unless ‘simultaneously there is a firm ~ 
commitment. — including. funds. and 
personnel , - - to follow. thou onthe: 









considering oe fake ear: P : 
reschao! children; 






portant t 


hearing loss, and ‘if so, is- it. conductive 
or sensorineural. impairnient,: or. both?: 
Are we concered about middle & 
fusion if it is not accompanied: ‘by heát-." 

$ hat about: other: otologic . 













ening we; must bé 


_ children: who have. middle-ear effusion,:- 
i Of thé: preserios~ or . degree 






;dinpai 
e tői pnsider ‘whether middle- ` 


be a ego fbr using the criteria e 


with. correspondingly’ self-lim- 
and usually mild as well? “Yes,” 


“most students of the disease would 


reply, "usually, but not always." And 
some would suggest further. .as has 
been suggested previously,"* that even 
mild or fluctuating or transient hearing 
impairments may: affect behavior, or 
speech and. language . development, ad- . 
verselv. But it is: important to: empha- 
size that no one is. really sure about. 


that; since the studies that bear on, Hiec 


question are not only few but incon-' 
clusive. Nor do we know enough of the 
natural history of middle-ear' effusion 
to know how often untreated effusions 
result in permanent damage to the ear 








gt ds im- 5 
» pé ‘clear about ‘which: condi-7 . 
tion(s) we are hoping to detect. Is it : 





discussing ` thé value; 





y diseases” but |. 
s FOR MIDDLE EAR,” T 


‘Since a principal. altribite: ‘of d P ae 
‘Ance testing .is ‘its ability to; identify.. ^" 


nt^ it ‘seems ap- .' 


an. entity that. merits ^ 


jay Sa imited, e 2 e 
ng {impairment asso- ~. 









'- formation. is insufficient,*but. we have. 
*. the benéfit ofa number öf studies, as - 
“.: , reviewed ‘by: Klein,’ that indicate’ clear- 
-ly that -middle-ear effusion is. indeed 
“very c prevalent: in the’ "preschool ’ "age . 


: = group: 


ie agreement ‘among 








^. strategy” in »generà 


a 








ing, | 
Jes the bardar of proof ; lies with’ those who o 
d-we are ‘among them. that | 
Es ; worthwhile: to: detect : "middle-ear ` 
..- xéffüsión. even in children whose. .hearing . 
" . thresholds; âre” Within serene “defini . 
-` tions, of normal. p ; 





CAS for. ‘prevalence, hete again. our in- 


Criteria for 'the diagnosis. of rniddle- 


‘ear effusion might occasion ‘some dis- 


^, 


` ment. for :middle-ear č 


: ing for ‘a disease’ unless diagnostic: 

treatment’ resources are” available. But: 
these terms require qualification: If a : 
child can be referred with great’ ease. 


dubious ‘outcome. 


experts, but not 
mich; and’ in^ ‘any "case we will return 







Cae) ‘Cours 


die able, although much. controversy exists 
<. As, to, which: «treatment. “qs°. 


decongéstints, ^ myringótorny: 


tive “to. all of: these, HO 
all; have yet to bè c 


-Questions abóut thi 


2. tréatmeri at 








“Finally. tire: is: little point 


and minimal cost to a physician who is 


expert in otologic diagnosis and' has. ex-. 


cellent therapeutic judgment, one might 
favor a screening ‘program more. than if 
referral is cumbersome, costly, and of 


fp 


& lu ATTRIBUTES. OF A GOOD SCHEENING TEST 


. Tuiniüg. from diseases to tests, let us 
now consider the' principal attributes 


og good screening test: acceptability, 


reliability, validity, and reasonable 


- cost. Acceptability here translates into 


oa "di seonjuhction i witheeach other. 
Su The- proper' roles fespectively of anti- 
^ biotics, : 
. saloné;. myringotomy : "with tube : inser 
.,,tion, adenoidectomy, and as an alterga™ h 
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simplicity, ease “of bobo comfort, 
and ready interpretability. Reliability 
has to do with the consistency with 
which à test measüres what it is de- 
signed to measure. If a test repeated on 
the same individual after a short. inter- 


> yal -gives differing results, it is not re- 
“Hable. The validity of.a test is the 


consistency . with which positive and 


negative findings.agree with the actual 
“presence or absence.of the ‘disease or 
. problem, Validity is made up ‘of two 


components: : sensitivity and «specificity. 


xd The sensitivity. of `a test is its accuracy 


in identifying’ diséased ‘subjects. If 100 
subjects have a.disease and the test 
identifies.90- of them, its sensitivity is 
90%. Specificity, . on the other. hand, is 
the accuracy of a test in, identifying 
nondiseased subjects. If, of^ 100 normal 
subjects, the test identifies 60 as normal 


‘and 40 as diseased, its specificity is 60%. 
A test that has high. sensitivity and low : 
jest, ^. specificity” ‘produces few .false-nega- 
ẹ tives. but many: false-positives who then 
-become ‘oveireferrals, Conversely, a test 
that has: high, specificity. but low sensi- 
ues 


any ese few false-positives, but 
Jaleo nemus ie.; subjects who 
@ disease ‘bat acie identifica- 






per dns; the specificity and 
ehsitivity of a screening test can be, ad- 
reciprocally;:by changing , the . 

, cutoff. point.of the test. An 


^examiple can be seen in Figure L;taken 
from Frankenburg's ` review.’ As shown, 


if five is: chosen as:the cutoff point, the 


test will incorrectly: identify 404. of the . "s 


diseased subjects as: normal, resulting 
in only 60% sensitivity, but: it will cor- 
rectly identify: all the. noridiseased Ssub-.. 
jects as normal, resulting.ín 100% spec- - 
ificity. On the other. ‘hand, if four is. 


chosen as the cutoff: point, 10% of thé^ , — 
subjects with the disease and 10% of-thé. ` 
subjects without the disease: ‘will bé: in-i v 


correctly identified, resulting ` ‘in. 90%- 
sensitivity and 90% mecum. And if 


IMPEDANCE SORERNING 


Findings jn 100 p 


^. Screening “=! 
Test 


Value 


‘ vith ihe disease 














Fi dings in 100. persos" 


ersons A i p 
fet reet the Bua 2 










coe 


Each * represents 10 persons Á 


` CUT-OFF POINT 
sc. Sr higher ^" 
so dor higher 

É 5 or higher, > 


Kk Senstvity:spécificty 7 relation. 
publisher. from ERE j 


SENS 





three “is “the cutoff point, ‘the test will 
have 100% ‘sensitivity, but 30% of sub- 
jects without the: disease will be identi- 
fied’ as abnormal and the uf 
will drop: to, 70%, > 


It-is important -to- realize: alt: d ape : 


plying a -test of, given’ “sensitivity: and. 


specificity to:a.popülation;:the absolute : .. 


numbers of false S VANS. and: false- 


positives that are found will depend On . 
the prevalence . of the disease in the 
popülátion. béing tested. The higher the ` 


prevalence; the “greater the number 


_ SPECIFICITY 
Wr 10% 
$05 


TIVITY: f 
UT ME 


: 1005 us 
(Adapted with permission of the edito and. 





positives ‘generated fom a tympang- : 
metric screening progam in. a'cgiven- 














-éutpff “point beren i 
d aguar oee eee 






p ‘disdased. ies. the pro- 
portions with unilateral and bilat., 


enl: 'diséage respectively. v 





_false-negatives; the.-lowér the. preva! E 
lence, the. greater thé; urber. of false-* yee 
p 


"dne screening: $ ^ oMMdiessdr discas 2 
the: sensitivity-specificity . relationship is: :? 
further complicated’ by. the fact that at^. 








.. issue is not the proportions. of ears cor: 


- rectly. screened, but the ‘proportions of : 


subjects correctly screened. 'Thus:a:s 
„ject, with ‘effusion’ in only the-leff ear. 
would of course bé correctly identified 
„as diseased. if his left tyrnpanogram 
‘were rated.as abnormal and his right. 





E tympanogram as‘normal, but he would 


-algo be correctly: identified if both tym- 
panograms- were rated as abnormal or 
-’ ‘even if the left wére ‘incorrectly rated 
. a$. normál and the right incorrectly rat- 
«ed -as’ abnormal. Conversely, however, 





og. subjéct without «effusion in either 


Rar. would be identified only if both 


VL tjripánográms were rated as normal. 


. It is easy to see, therefore, that the 
number“ of. false-negatives and false- 











do wed 
'is.diseased? Dó we depénd-on: the audi- ` 
Ogfam? Some studies have. And if. so, 
show do we define “audiometrically nor- 
mal” and how reliable is that definition? 
Or do we depend instead on otoscopic 
diagnosis? If so, how- reliable is that? 
How expert is the examiner? Is he or 
she using a pneumatic otoscope? If so, 
is its pneumatic system intact-or leaky? 
What are. the criteria for the: otoscopic ._ 
-diagnosis of effusion? Have:the exam- . 
iners diaghoses ever . been meted 
systematically with those -of other. ex- . 
aminers, or checkéd against findings ‘at .: 
myringotomy? In a recent study of the - 
accuracy of house officers’ and practi- 
tioners’ otoscopic diagnoses, we ob-: 


wu 















k 100 min HO. Thé highet the, Tatio — 
. fhesteper the gradien (Adapted fem. ‘ction, however, accords. little or no im- 
“portance - to the: dssue of gradient, a. 
> term: introduced by Brooks? to charac- 
- terize’ the steepness of the curve, or the’ 
. acuteness of the angle at-its peak. Fig- 


he 





` * tical distance frone the'j 


i pahogram: -to alor: 


“the: ts and ge ror "Paradise et 


OF TYMPANOGRAMS 


. 'sidéred norinal; "Exe 
rédüced- compliance or increaséd im-^ 
pedancé; and Type C, usually attri-. 
buted to negative air pressure; in. the.. 


] “of. tympaiiometric _ e 
gedit, raien 1 is“defined. as the ratio '' 


f S f HIGHS | 
^HP | positive VT ^. 
"n . o Apressure/||-. - | 





i MEN ed a eq xls. 
ea 


Jin S ting 4 
the. tympanograni. 80: "that its ‘width: Pis 
tween: the points. of intersection fab) 7 





Biooks* zand reprinte eimissión. of |. 


. al? 


x 


served. boue a erürs -2 
: diagnosis" and. over-diagnosis. —"in.ap-' 
. praisirig. the “pres bsence Of: ; 
: middle-ear effusion."* 3 

“Optimal: validatitig methods would ; 
consist of ‘examination: under the oper- 
ating "microscópe by an’ experienced, 
" Clinician, "or otgseopic, examination. by”. 





„a; clinician of: deriionstrated’ reliability — 
‘or “confirmation of -diagnosés ~by either 


 myringotómy ‘Or aspiration. 
SCREENING IN RELATIONSHIP TO TYPES 


Let us now return to the issue of. the 
location of the cutoff: point in. tympaii- 
ometric screening. "Basic tó à discussion 


of cutoff ‘points is-'a consideration. -of . 
systems. for ‘classifying: tyripanográms:  : 
Most: published reports dre based‘on an: . 
“SABC” system, that -divides -tympano- :: 

es: ‘Type ‘Aj: con. e 
cB; : attributed to «. 
"otóscopy. ‘by. 





grams into: three , t 








*Paradise JL, Smith CG: Unpublished ‘data. 
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à “nfo - 






dh uidens 





io but also: . that. toin t, jt: 


tem: that we: formülated;in “a; ‘st 
‘infants and. preschoo children, ported 
recently." ‘The ‘syste: re 
relations between tympanog ams > 
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"HE 3, ‘Commonly poem exam- 
[e as types of tympanograms: . ( Re- 

prtted: with permission, of the. editor and 
: isher, from Paradise et t al. A eT 
tan Mos 








x P middle DUE This 's ste Wd lassifica- 








Ip 


ure 2^shows'the method.by which.gra-. | 
: dient is-eàlculáted; the greater the ratio 7. ". 








"hp/ht the sharper: is tlie angle: at the: 
: peak, anid ‘the steeper the: “gradient. of. 
"the ‘tympanogram. In. attempting to ."^ 


analyze a large group. of. tympanogramis `- 
obtained from children ih :clinical set- 
tings; itis apparent that the admittedly `.. 
simple: ABC system is;not only limiting, : 


















classification l "sys: 


"is basi 





the presence or abs idä 
effusion;" either: as found yringot: 
Oiny,."ór “as: “diagnosed ‘on’, 2 jeumatic 






bility::ha 


IE 






: Tis “(hp 


EFF 62% 





i7 =400 -300 


^ Fig 4 i. Probability di middle dar effusion relition’ to- tympanométric: Zones- ind 
gradiérits,: See Figure, 3 for. explanation ‘of symbols: Percentages “are derived from data ir: 
wit permisa af the 


original: ud d Rensta 
. et al.’ DM Xu 





We 


Juve. e HN ( uen d to type ak 
‘G ‘in’ the ABC. system), 
À arily thoüght. of ‘as in icating negative - 
- pressure in the ‘middle -ear. ‘Those:HN ^ 
: curves that have a steep ‘gradient; or _. 
"sharply:sengled peak: (hp/ht 5015) wwe. [8 5 ^77 
havé-térmed:HN-s; and those.that have .. - 
a gradual gradient: or obtusely-angled. ` 
t «0. a we: Have - termed : 











_ types ‘and. the’ presence. of. middle -ear 
i er and demonstrates why :the dis- 


d HN- 


distinguish: betwé 





vould. -be 





-`$ IMPEDANCE SCREENING ` 





those custori- *: 


was the populatio oxi 
b draws, oe pee ‘or. - hospital ... 






f- négative-pressüre : r 
;dmiportant clinical” i+. > 
è bound to af-c 


failed the screening séxamination?. 





^ 








"and publisher from Paradiso’ ps 






71 critical appraisal x Të- P 
‘quires.’ that ^a nuniber of iene “be 
asked. about: "each reported. “study: . 








t$ When "ihe investigators’ caloulatéd 


thé: validity of the test, what wéré they 
Sone Correctly-identified ears, or 


4. How were  tympanograms classi- ` 
ied, “and what. was the cutoff point 
etween, presumably: normial .. and .pre- 







! sumably: peas tympanogiams? 










* the . final:  disenosee ^ 
wa: k dine validation for’all * 
- Only, , Je for, those who " 








Only 14 published reports? So: cons l 


' tàin:tympanometric, data that can be 
identified as having been derived 'ex- 
clusively; or’ substantially, from children `- 















lage .g 
ze2" Were - “explicitly 


^.."sereenirig ;stüdies. Of"those séreening 
"studies, only four'*!95357^ incorporated. 
- direct examination of the eardrum, i.e., 


Otoscopy, as a validating method; and. 
in only two of the four reports** 8 was 
pneumatic otoscopy mentioned. "None 


- of these four reports made reference to 
: specific criteria: ‘for. the otoscopié diag- 
.: nosis of middle-ear effusion, or;to ex- 
-aminer. reliability. In: fact, ‘twos of 
.-. the four reports failed to mention mid= 
` 'dle-ear „effusion at-al. Most of the ` 


 '- studies used the ABC system of classi- 






“re fying tympanograms, 
Type A as normal? Many also insisted - 


` gested“ that reflex tésting : 


dod simple. and sensitive méthod: fór detect: 2 ablé, Jor. scteenijüg. Turposes to 


^ deal with thesé'two tympanograms dif- 
E prety. HN- 


` dren this issue has yi 


7 incorporating otoscopie 
seem reasonable to. attempt: to calculate < 

the validity of the sereéning tests (al: 
though even in those stüdies we fóund' 
some of the data inconiplete or difficult :.- 
to interpret).-In those two studies; we: 
calculated sensitivity as .94% "and 97%- 


D "scuigNING: CUTOFF AND | 


ZXMPLICATIONS. FROM- rs PRESCHOOT,. 


accepting only 


on.norma] stapedius reflexes às a cri- 


.. + terion: óf normalcy, but strong resérva-. 

' vs fons: 'aboüt:the. usefulness of reflex tests: ' 
` -ing-crépt into. manysof the dist ssions. . 
2 and conchiding statements" 








'- Although ; à report by: "Brooks ‘has sug- 
‘alone: is -a 


“ing effusion in schdol-agé: ‘children and 


" .might:therefore: have'proiise : as à»first-. 
. ; Stage screening procedure, supporting: 
". data’ based on otoseopic ör myringot-: 
‘omy: findings weré not presented,:.and: 





the specificity of reflex testing; 
discussed.2? Regarding’ rese eol. ch 


in the literature.’ 
7" For. only twoisie of 


respectively, with :thé- -corrésponding 
specificity , 42%: nd: 61% tes) ore, 





















NÉGATIVE-PRESSÜRE: “fYMPANO: RAMS? 





STUDY ‘GROUP’ 


TE-it is “possib ; 
overriding conclusion: fF 





fron, the fact that in most of. they ï 





















rom the collec- - 
tive findings of these studies.— d he s 


it is that the excessive 
-comsxüonly experienced 





oyerreferral i 


was: attributable: ‘mainly to so-called 


Type C or .négative-pressure. tympano- 
grams,— tympanograms that are often 
associated with no demonstrable oto- 
logie or audiologic abnormality. And 


if any single issue in this era iof soaring 


health care costs is going to'stand in the 
way of. acquiring further knowledge 
about tympanometric screening, it is 
concern about the excessive cost of ex- 


_cessive overreferral. - 


This concérn ladei us to retum to the 
question of screening cutoffs, and to 


consideration of the so-called negative- 


pressure tympanogram. 


“As noted above, in:an earlier study 
we found that only 292 of HN-s curves 


(those with a sharp gradient) were 
associated with middle-ear ‘effusion, as 
compared with.672 of HN-g curves - 


(those - with a gradual gradient). Be- 


"cause "of this large” difference it'seems 


curves. should probably 
e considered abnormal until proven 
otherwise, whereas HN-s.curves should 
be. considered, at most, suspect. 


"o see how. this "might work: out from 


+ a.screening standpoint; we analyzed our. 
l *: ..tympanometric data from a group of 75 

€ four. itudin D 

findings did it 





Preschool children selected onthe basis 


-Of availability, parental willingness, and 
apparent freedora from. middle ear: dis- -= -~ 
‘ease, from: -among children found iat ^ 
: Vvarioüs- times: ‘in’. various . ‘out-patient ind 
waiting üreas;—"other than “the ENT. 


Clinic — -of the - Children's: Hospital "of. 


‘Pittsburgh. This: group .was obviously - 
‘not a ‘normative population, but if. prob- . 
* “ably. approximated one, and its advans ~ 
“- tage’for-thepresent purpose is that the ~. 
validating. otoscopic. examinations:were i; ` 
zearrieéd.out by.a clinician: whose level `` 
iof. diagnostic: accuracy. had" been estab- A P 


lished : in. several, studies. peat ie: 

















show evidence’ otóscopically of ef 
but:the distribution: of - 








"ES 





7 On eraino a ‘of these. Be children: p 


: these, abnormal +. a 
(Cars: was: s sucli that 187. of. the children 


^ 









Bnpehon tric . 
oo Curve Types” 
: * Defined as Sozial 
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school children, 


' vaniaity 2i 


" Sósipiviy | Specificity; 
$s . \ 
100% Ui 87% 
100% 64%“ s 
79% 808, 


Fig. 5. Validity. of three dympanometri — M: in 7 5 primey formal pre- 


had ‘inilateral effusion and 7% iad bi- 


lateral effusion, so that a total of 25% 
of the children , ,were affected. From 


. these findings it is possible to calculate ' 


a series of values for the sensitivity and: ` 


- specificity of the tympanometric test”. 
. ing, depending: on which. tympanogram : 
_ types are: defined, as'normal, and which: 


as abnormal, ihat ds :to my here the 
cutoff point is Jocáted. : - 


. Figure | 5 shows die afferent 
screening ` levels,- or cutoff points. In + 


the first level, only the Type NL tym--: 


panogràm is ‘defined , as ‘normal; ‘All: : 
other, curve types are: defined: 





ficity seems unacceptably’ low at. 578. : 


‘At level 2 the TR-s curve (low compli. . 
ance, ‘sharp gradient) | is: included. 482.7 
and ‘Sensitivity. remains 1005. `. 
.- While specificity: increases to 64% — 

‘better, -but also" probably. ‘unacceptable. "BL 
At Tevel.. 3; the HN-s curve: is also. in- the 

eluded ‘as ‘normak: ~and peaty rises ' 
$n to: 807, but. -sensitivity . falls to 79%. 


normal,’ 


. Assuming that thesé figures: approx 


E _ mate those. that would be. found in ‘a `. 

T “normative ‘population, what would. be... 

~- their, implications and- ‘what * further ` 
ud speculations. ‘would: they 'ráise?-In-mov- 


ing froin level 2-to level’3, the ‘drop 


` in. sensitivity from 100% to-792.is- a 


:2 . course attributable entirely tozi ears with , 
: effusion- that shoiy- Type .HNss: curves." 
yportaüt to- identify preschool “po " T 
children^with such..ears, thénzit would: ‘amber 
be advisable to return to screening -lével > 
P and “accept” “the lower melee 


d " If itis: 















as: “abe, Tas 
normal., Sensitivity is 100%, but spec: 









x sion, ‘20% raha 30%: picea d. the” E 






y 








-Howea is possible that: the dA í 


sions-iü-ears with Type:HN-s tympano- 
granis-huve ‘more benign: ur ae 
:arid-^pregnostic : implications.’ than'‘the .- 
effusions 





“ee ptable’ to: ‘delay: decisions about re-.. 


ud -childrén with such’ tympano- A 2 


s, arid instead repeat the test after 


éasonable ' “interval, ‘say ^ 0né:. 
‘month: OF ‘With regard. to 
-ieurvées in’ children” who are old. enough’ 


.to. test’ audiometrically, ‘perhaps audio- .. - 


“metric findings could help distinguish © 

tween: those.‘ at’ réater and those at 
ythus usirig. audiometric tést- 
argeted ‘Way as an intermedi- 
vate’ 'ste] "between: first-level o ‘ 
and eventual referral. . 


The aesti hy this distinction is 
important ‘might “reasonably be asked.’ 
j pt the: level 2 cal 

is that : the practical con-: 
sequenées of^ Sereening at. level 2 as 













:; compared: with’ screening at evel 3 


ine ios Fondos e 


‘ case of.the-207 prevalence tate, scregri 
: ing àt: det 3 wiles thon ; at. ‘level: 2 


; or de the 
er-of false-positives would be re- 
from 252 to 140. In both ex- 


Amplešthe reduction would be 442, and 








$ associated with; flat. tyrapano- ^ 77 ~. 
granis; in Which case it might be ac- ^ 


e HN-s | 





















.. -cüi:exeiting „method -thathas already: : 





Fig 


E E ollas; the differencé't in- 





knowledge. arid excessively: 
d speculation. Impedance’ te: 
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~ elihical-. 


m m ‘teaching, : and Te- = 
* Searchi. a6 


t appears to’ -have promise : 


. for’ Screening. as ‘well, but the state of: 


— the art with regard. to screening must - 
be acknowledged to bg primitive. What ` 
~ is needed now is is Hesearch - “not pro- - 
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a execution;. ünd above- all, careful 
















‘Secretory; A “that we even: 
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` disease is, or: is: not, to children’s ‘health 
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; ofthe ge. fesistance. rs dms yel dn aS y ‘ea peer ae second, 
""detém Í-tlie-imaximal-amount of change, to be ‘expected’ over 15-minute. periods ina 
- healthy subject 'Thesé studies. give the investigator: dn'idea. of the.magnitude `of es that 
one might ‘expéct‘in . Tiorinál physiologic situatións, Kased ‘on the-50 subjects - that allowed 1,272 
« observations for" justification’ of, the “concept: of. ‘percent: ‘change *in ‘nasal ‘resistance and not the 
hie pf nasal, resistance alone. We conclüded.:that tlie MENS changé-in nasal resistance 
“in a normal individual during a. 15-minüte. interval should: be ‘less. thari 539 of.the previous ob- 
-Sérvation. of iasál résistance, -A Change: &reaté thant 534. “Sugees ignific ant change that 
"s _carinot be attributed to physiologic. vatiabilit; : ee 


































acclinig ; ápproximál Y 3. minutes, 
the subjects: were -examined- in the, sitting po- 
‘sition, quietly breathing roóm- air'witli a con- 
;stant.year-tound: température ‘of 21 C (69 F) 


- Rhitoiganoiete has: 
v + tensively - tó'sstudy : tiðna: nasal. physi; 
ue "and: pathologic: ‘conditions. in; 
which nasal “airway”, obstruction | : “ånd. a relative humi d. of. ap oximately 25% 
próminerit- feature. Various: techir "æ BØ (October throug || and 354; t 5%, 
Pdl pe ees eps espe Aq dur 
$ to study e um3rrnose in oth ‘health boas j 
~ and .dis&ase 3-99 : “Phere: js- stili- ‘variance’ “face: :and. secured: ‘with dun elastic: strap. One: . 
"E “regarding the most, useful’ methodology 
"uet we think that:the-mask‘flowmetet': 














Statham, : PM... 270. :straini.. gauge: (gas -trans-. ^ 
ducer) open to the" ‘atmosphere: “This ‘gauge; . 












screens in ‘the. mask, was ‘used. to, measure pät `` 
the: Thost useful. ew dh for. basic. sal. airflow. A second input was.used to record ` 


] e: basic’ .the pressure within the mask. One end: was 
terminology : ‘and 


input to: the. face mask was connected to a. 


linique ` of. pásteríor: *rhitiomabomietry -. ralong .with two: pneumotachygraph | mesh - - 


rhinoma- connected to à Statham PM. 131 strain gauge: 


nomietry' was ; : lished. in 1973: 13° The . . (gas "transducer)- and-the other end was con» ^; 








purpose -of * invéstigation ' was, 1o. 
study the physiologic. „dynamig ràngé of .' 
nasal resistance. in .a: lárge,.sample;.of'  fór nasal airflow, between: the: mask and the 
human beings..These ‘data ‘served.as..a' “nasopharynx. A constant; bias airflow, (a vac-. 
baseline, not-only. for the evaluation: and ` 
diagnosis ‘of ‘pathologic’ stat s 
for the assessment of nasál resp : 
* . various ,physiológic;. dre or 
s. pathologie: ‘challenges. 


. METHODS AND. MATERIALS: 


^" bs fiuman subjects; ith  rhitioscopically Up 
"^ rüormal ‘noses and-à negative. -history -for nasal 
` or: paranasal sinus. disease: were: studied (32, 
females; -14-72 years:of age, mean age 25;:-1 
tales, 14-50 years of age, Inean age 23) After. 


transnasal! ‘pressure, or "the pressure ` drop. 











. into ‘thé umask fo.blow off (or Temove).car- ^ 





















From the Mayo Clinie. äh May. Found 


nected : to . the’. mouth; This. measured thë Wes 


s AP), which. constitutes the driving pressure’ =", . 


i-um: could: also "be: used): was. also “inserted . ^ 


ee dioxide ` and water vapor, “The ah up of i 
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7: Data were obtained :by: avin’. the subject 
“breathe ‘through. both-‘nostrils; (binasal) and 
through.each-side (uninasal; right and left) — 

a By opcluging ‘the opposite side with cotton 

f : and surgical. ‘petrolatum. When the subject 

‘was breathing through .botli nostrils we cal- ^^. 
^ 'enlated. total (binasal) resistance, The. uni- . 

„nasal (right and left) resistance was càlcü-- ,..;. 
: lated. by. obstructing ‘opposite sides. Examina: ^" 
.tioris were performed. every: 15 minutes and 
data, were collected; for" total nasal resistance: 
aruh both nostrils) and.then for the*right*. 
iand: léft-sidés alternately.- This procedure was 
“repeated ‘at 15-minute intervals for’ seven 
hours’ wi ie-hgur’ break for linch. ` 


al: airway: resistancé value was the _ 
tir: breaths calculated at the- peak 
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AR 
quiet. réspiration, "using - the“ “formula of nasal ` 


2 résistance" (Rn) équal to. the transnasal..pres- - 


“sure. dp), divided aby. the nasal flow rate’ (9) 
diat d Ras 
EM p^ both: nidstrils” (total deslstanoe) and for the. 


— | Resistance values obtained 











s.l Yht and.left' sides were-plotted against time.” 
US Approximately :600 calculations were required :. 


: to ‘obtain “the data for each’ subject. 


“It is important to recognize that othér:work-’ 


-ers have: utilized ‘the formula; for the press 

“flow. felationship ‘during: turbulent flow a: n 

-'sistahe. “equal to qrssure. divided - y. flo 
P. 


Sqüüred;R. = a tW The ‘galculation ot n 
x 4 A vi 




















val 





résistance, equals eto. divided’ by. partly 


‘turbulent’. flow; 
s Slivided b 





qo 1 <15 power: R. = 





that best represented . the -status of "nasal air- 
way resistance, using.’ E: following formula 


am le; t Tu ee pé 
pro lem exists. athens 





ask the patient tó: ‘breathe: “quiet! i 


‘pressure. pnd ‘How rates 5 düsing i 














"n „soribed: a 


a sal gesistance at low’ How data ‘shied: to. the Vs 

: " BE laminar ES Mee résistance : 

n: Physiologic dynamic range: o nasal re- 

x "u -. sistance. The-details of the data analysis `: 
bx he Mona n nose, - dà "E Tanges from lami"; 

nar to :completely turbulent. ‘The. formula for . 

riasal resistanée in this*‘situation. is probably., - 


efore,-, resistance equals” - 
““thaximal 


oo... pected: dver :a W-minute peii Hod ina 
nad subject. ;. E NE 


spiration TN quist using as the point 












divides Ey; X ci igi the: nasal air “resistarice - 


bes the wee mi ` 
fixed pressure.. It: “seemed inoté ph: iglogic o . 


"d 2713 
` 15.5 
22.9 
14.1 

'. 09.8 
91,9 


a : “reitin at 
` the: enda a pula ex ‘pressure: and inspira- 
ie ‘flow, Every: ‘subject. had-a peak pressure 
“flow ^ urvé “during. respifation.. We thi 





i: it is best to bse active rhinomanometric tech- 
p niques: (i fe: subjéct's ‘own respiratory :mech- 


anisms)” during «basic physiologic investiga- 
‘tions. By. üsing' ‘the mask: flowmeter, also 
' called: posterior rhinomanométry, we bypassed 
-any. instrumentation -that woüld: interfere with 


“the nose itself. and had the opportunity fo. ex- 
" amine. both’ sides.-of the. hose simultaneously 
during , physiologic conditions. A review of 


‘active, passive, anterior, and. posterior" rhino- 
manometric E hag already: 






We emphase“ again that: the: éhthe - 
thrust.of this paper was to’ study’ the `- 


were: divided into. two parts:. 1): evalu-. * 
‘ation -of thé average, resistance and the .. 
_avetage.. changé in resistance for each ;. 
‘patient,’ and. 2) ‘determination of’ the: 
amount of change. to be. ex- 















"For ‘a: given patient, thes vi r 
change" was méasured in two ays. Let. ; 



















‘per ds is” epresénted ‘by. TO id 
be > ted. pahoja 





The summary. statistics.  descibitig the 
50 patiexits' are listed in Table l, w. > 
thë ‘mean and; median..indicate; “typical ` 
values; whereas the standard eviations; 
(SD) and interquartile: anges QR) .. 
measure the variability. 


We: attempted: to” "deteriniri 











average resistance: or change in- Tesis- : 


tance might-be-àssociatéd: with: agezór.. 
sex. Due to; the: highly: ‘skewed: nature -- 
of the data,-it Wàs.necessary-to: peo | 
a transformation of: the. dependent vári- . 





to Je imine, rr XA, cor pes ‘differed. 
‘between males: cand ‘females. ‘indicated 
« that they did/not.( P>0:09, in all cases, 
‘based on analysis of covariance’: adjust" 
^o ing for, age). Asa result, data. for males": 
“and females : were combined. The. pooled : 
dàta-were then’ SEC Mea). .age 
















; for each ‘of the yariables (Tab e 2) The ~ 
` TABLE 2. “ASSOCIATION BETWEEN. 
| Rn AND;AGE . UN 
^n VU pets "f Um i . 
Both 7,004. 3.104. —.01 
Right 7.007 4.117 
Left .7:006: 4114. 





M *Natural ‘logarithms, ‘were ‘taken in P Gases, 


te "*Tests. are. based’ on"two-sided, t: ‘tests With ;; 
'46 ‘degreés. "freedom, testing. the. hypothesis’ of. 

















“level” at ios the: ‘hypothesis may “be ila ond 


tesistanke- per Detten? ‘dened 
tistically significant: decrease with 
r th ghe. Side, ek sidé; and : 











didnot. appear : 
However, thé average: - 
observed ir the. left... 








propriate, to-xise. Apud poeti 
“of change on the same'person:as ‘though’ : 
“they, had been. obtained on, different pä- 






. percentilés.àre p vided in Table 3. To 
"illustrate: the use of-this table, one would 
ino, assóciation:- Indicated - ig. the „significance ` 


- more. informnative’.-meastires ; of': entra 
x tendency ` and variation :than : 
mean. ‘and: standard deviation In: other: 


-bility; the cadvanta 
2 ane hogan ‘to. skewiiess: in the data 
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tients when considering: ;pereent. change .. 
(PC). but not. for absólute differences " : -. . 
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“an effectiv sample . size e Of, 272 







Summary. stat 


- expect, approximatély. BS of healthy pa- 
denti ave^total resistance change 
sore -than 587 during:a 15-minute 






; ^ xen 3bhüs, a‘ "change greater than 
this would: stiggest än’ ‘abnormality. Ông; xs. 
“should also tote that the'data‘are’ high] : 





- $kewed:: Thus-the median and-IQR.ar 





age . -beiig* that it is *! 


Hablé -méasure of the 
hich. we'are concerned, 
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-actions of thé nasal.m 
- to biologic stimulation:can: be. adequate- 





" « ly evaluated, This: baseline gives.the in 


~ vestigator: an idea of -the ‘magnitudë f 
changés ‘that one might expect. in 
normal physiologie situation.. We. „éa 
k use these 50 subjects. with: 1,272 obser 
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lated. fo: vage: as. age ‘increases, the 
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“3 Greases, Table- 3 is the "key to under- 


standing. the data. A physiologic change 
in nasal resistance-in a normal individ- 
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be: léss than | 53%- of: the: previous ob- 
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. gréaterthan 53% suggests a significant 
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AMAT témporal ine opodal PET was edad to daci m bone anomalies 
sini 2O eafs-(10 cases) of indiyiduals with. &ongenital heart ánonialies. We restricted our study 
.to, digietts r more. ‘than one year. ‘of age, and to^ “heart anomalies of unknown etiology. The tem- 


i Em -i 









ate if n cents valve (1 SOR M uF th 
arrested development, and resembled features’ which may be Pd at 
. : life. Structural anomalies were more commonly found in the mesoderm 
. * than in the-éete M Amadis ear anomalies, were more frequeritly encountered than anomalies 
- |.. “of the inner car o defini té telationship, between these anomalies observed in the temporal bone 
».  andhearin ng lene Which had been recorded clinically for these patients could be detected. 
T Espere ee defect (rnbre than ‘one third of the circumference. of the facial canal, the 
ls jugular b ands 
3 they may | e ‘encountered 







various stages -0 





Stapedial ‘artery persistence’ et be mone: as problems since 
id dd ~ kie. ve p MM 










^ Éndings- “of. UR us histopathon. ; 
* logic studies of such patients who lived - 
lies ' Jonger: thari; one: year and, where pos-*-, 
on dud 9c: «. sible, .to “emphasize. the: clinica sig- ^ 
mpora = nifióano oft 5. 


singe andinalies 4i 













“wth othe 
, -fnsfafiae, Kelemen”: report 
' currence“ of anomalies 6 
bone, Í m neonates, Sones 












ae se’ eof 20: JUNE Wes 
"Ilie:cases*included only pà- . 
thàn one year, öf age whose ma: 
problem. "was “the: presence: of * 
nomalies:: The temporal bones ‘were . 
‘from «refrigerated: cadavers; fixed. in. 
‘formalin, decaléified,:. ‘embedded. .in - celloidin,. 
i sand’: ‘sectioned’ ‘horizontally.-at 202 thickness. 
"Every ‘tenth ‘section was.stained with H & E 

< and. mounted: on & j Tas slide. d light micro- 
eopie. i0 S 


‘CASE e HiStORIES ` Us 


Sümmañiës. ‘of the ear ‘histories, of the: 
5: . heart" abnormalities, aŭd of - associated 
general anomalies. which pertain -to 
these cases are’ tabulated in. Table. ds 





some ‘patie’ 
Hew: i s ‘of thé: 6ar‘“ass 
ated with congenital heart disease; ` 
not associated with any known. syn 
drome or disease, "have: no been: ‘suf; 

























" Recent developments in, 
E  geny have given 
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TABLE 1. SUMMARIES ‘OF E 
` ASSOCIATED, CE 





"Ear Hii Wo 


None’ -ASD, did afte: cardi: 











1 12mo -M e 
< E ^. 8e Süfgery.. P 
2 22 mo M c None >. i Transposition" of grea 
Pores », „vessels, VSD. V 
3 3 yr F' „None > ‘Tetralogy of Fallot, 
A ATT V7 after cardiac surgery; ` E 
4 9 yr F >- None 7^ ,*,. ' A-V canal; died: afer 
oe be e y veardiat-surgery n 
5 l2y ` F. None. 9 ^" .'- Retralogy of Fallot, sur 
: i ;- gery:at age 5. Jte x 
6 13 yr F None A-V: canal, tapol- 
E 1, Z tion pf; great vessels - 
7 l7yr ' M _ None. ASD, ': VSD, PS, AV 


" . canal, anomalous. pul. 
US monary vehous retur 





8 790 yr "M : “he rofgand deaf- e v$D, PS, Surgery 
Dd p x ness: a ux $. me i 


“9 96 yr F ' Bilateral SND " 60 “VSD; PDA: ; 
: dB at 8 kHz ) SN ie 2 
10 .35 yr M - OMC with conc uc. i ‘Tetralogy of, Falls jt, suf Peder 
We Hve eafness iom _ 2 gety-at age 12, 9, died 3 raiti cyst Bosh 
'u E. by prof ourid : '!, after’ second cardia E Boro 
` - Safhoss ter" oto-. dpeston" 
gs pes drug: f inis+ RAE " 
1 . t ‘tration RO: Tod ow 
US ASD - Atrial septa defect? A-V cán E =. E Ateio-veritricu ain ci 
” icat. PDA - Patent ductus arteriosus ;. ii c Pulmonary dranoete s 
cig SÐ- .Ventriculaj” septal, detect, E : 

























iu udi utis dia hiite . ] 
Susi ah deafness ; > 














~~ listed chronologically By age of. Sater 
ż- vat death. No ear history was available | 
aor ses 1 to 7: Case S;had ‘complained 
Y o£, total ‘deafness of the- left ‘ear, "which 
< was-cohfirmed. at the age 6f nine:years 
>, dnd. which was: suspected : tizbe di to 
5. having had mumps or meas i 
~- , childhood. Case:9:;hàd bilateral: sensori 
* 'méural deafness, restricted to. S kHz -àt 
^ 96 years of age...Casé 10 had had xight. . 
~ otitis media with a‘modérate conductive’ . 
=. -hearing. loss whieh was ° "followed: by. 
75^ bilateral total deafness, felt to be sécons:-"} 
" daty to.the: administration of an ototoxic =» 
„drug ( gentamycin)” during; an` episode: ~u 
of sepsis which occurred’. two. duc E 
prior to his death: at ‘age: 35; à 






ru 





Congenital anómalies of the ‘temporal 
ófié associated with cardiac anomalies 
have. heen reported in numerous con- 
genital diseases, ‘such as genetic dis- 
orders e gsomal abnormalities, 
sociated with environ- : . 
However, to our, 

nee- xd temporal 





















HISTOPATHOLOGIC FINDINGS. 


The..major pathological; ‘findings dn tang seen-in ; neonates. The. findings Ans, 

_ 20 temporal bones (10, cases): are ‘tabu “ùr study, therefore, may provide ‘clin-” :* 
^:* lated in Tablé 2. The numbers in pares. ‘ically. worthwhile information which | 
theses are those of Figures l 6'i in Hiis. wil tend the scope of his study since ` 








E 














d soanSiz. syeotput sosouyuo red: "ut SiodüinN) X 
: e e9A[EA : Jel Inn mpå: 
CS uoneiedqqo gonpanbe IBdppog ` 


[uto Topegod jo Aginouy : 





Cpeqnosep Aewoue om eic 1 


| 
| 
| 
l 
I 
l 
{ 
| 








A ee - 
T4 I 


In wo 





© 


ter 
i 


E 





Jeguuouy 
UB ONE 





he 








Fig. 1. (Case. 2, R) High jugul: 
(small foros). of the D Jif ue i 


tva 










; 3. (Case 8, R) The eur 
sopedial” artery ( arrow) is seen, SF - 
“Epa mee (H & E, X 52) 








^ all of is: -cases-in our study were older 
than, ‘one. year: (1:85 years). Our’ study, 










" Case 3, R). Wide’ a fect ZA 

il canal rrow)' atis edt fi ‘por : ie ous), a high jugulaz "bul 
£ dy Du oM : NO "cais); and bulky incus (2 ears). 

3 circumscri e 

the post Or semio Moule 7- Case 10 (L) exhibited several of these 


ae & Es X 10. B . middle ear anomalies (Table 2). 
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c Fig. 4. (Case 8, LY Absence of th 
rows) in poorly developed modiol 
Mrd th : 




















: "Fig. 5 (Case TÒR) The wide angle of the facial gehu (arrow 
: Lateral crista, (H & E, X 17). : ZUM M 






TEMPORAL BONE ANOMALIES. & HEART DISEASE . ; 














s à ; most .severe anomalies, ‘including - -not 
VAN -only,an outpouching lateral canal (Fig. 
| 6) but; ao: 


354 "ings is:as-follows. .At'the;fetal age’ “Of |. 
Z et 10-11. weeks, "two "and -one-bálf. -to DA 





the adla adqueducb Gu ears); an 
patent tütriculoendolymphatie valve? (1: 
ear). Càse 10 (Ly demonstrated. the 


» patent. wirioulbeii olym 












: the: cóehléa. are. 'cómpletéd; th 
aqueduct: attains itszgnaximtim `- I 


o a: ‘size. of 250, at, 20 fetal weeks and be- 
X. comes narrower ata later. time.In the. . 

























. 6. "m 10; L) Aul. or ihe 

ular system with. imple ontpouch- 
ing e of the lateral senti¢ireudar canal (L) 
resulting in a wide vestibule (V). Pos- 
terior MAC canal ub is--noxmal. 
(H & E, X 17) 


Vend 


"The development t hia, 
gar’ structures which relate. to the: fin 1 
és:Observed in our cases is as-fóllows. 
. "At nine weeks of fetal age,. the facia 
- genu angle decreases and become$:al 
most a right: angle; in:the 9th. to ‘the 
th, week thé. stapé ig 


PO 

















eks, ‘the. pneumatiza jon of the 





* the: ‘stapes, malleus, 4 


“is s found to. . be fully formed. MES 










in this: ‘study consisted of a 
ortenéd“ecchlea (length Jess’ than 2% 
turüs) (5 ears); 





pears; at 26-weeks, the’ tympanic: ‘portion : . 
he facial canal begins to form; from -. 


lateróhyale' of Reicherts. cartilage = of the” lack : of “literature relating this: 


finding toa .developmental, anomaly: 
leted; by’: 38: puo 
Pn comple Yu. oL 9257 individuals’ temporal. bones “and, 
e^ assumed an -adaült.. "dori: and: 
' ‘around the-time of: birth the facial canal 


anomalies ‘of the ps 
js Thay lead one to interpret this as a con- 
v puel anomaly. 


yestibular system, at: 8- O weeks of fetal. 
lifez-th&- utricular: and ‘saccular ‘ducts. ' 
ife formed “and the’ "utriculoendolym- 


“phatic válve ds seen; the superior cahal; 


ud Thteral ae reach : 


"made ids 
i occürrej particular « anom- ` 
tempori Bones 1): Most 'fthe . 
3 obsérved n the middle ^ 
“are due to arrested: de- ^ 

atzand present: features similar ..- 
K? 


a "structures: found in various 


D Siges € fetal life; 2) Middle ear anom- ~ ` 


is Ar + frequently’ observed: (11^ 

HS; Od "anomàliés.of the-inter ^. 
"UT gars; “35%)! 3) Anomalies of-thé ^. 

structures derived from the mesoderm `i 


„are seen more frequently (13 ears, 65%) ^ © 


han those closely .rélated to the ecto- 
‘derm ; (9 ears, 45%) (Table 2). 


a he ‘authors were not certain as to 
e classification: of. the high. jugular 
bulb as a. ‘congenital anomaly because, 


Overton and -Ritter!* ‘reviewed “Sei 





found that the jugular. bulb extended, ` 
into ‘the middle:ear above the: inferior’ 
rim .of..the bony “annulus in 6% of, thé: 
specimens. Our: observation, that atiigh 
jugular bulb is.found moré frequently 
(in 20% of our patients) in congénital 
heart patients than in the general popu- . . 
lation of Overton and Ritters study 





























. anon 





Men of theif 





“avales, „particularly . of .thost 
~ the: middle. ear’. (wide? defect of: sth 
7, facial "canal, shih , Jugular: -bulb; * 


_ ^: ticülar value’ as ithe 
countered during 
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défini e Listado. bum the - 
es. we "haye: described: and. the.. 
eating: ‘problems : “of these : ‘patients 

Ot:be established" due :.to. the 
involved. ' 
However, .obsetyation’ of.’ these anom: 
"observed: jn 
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GAM ET AL 


S sd S “CONCLUSION 
This stüdy. of the temporal bones of 


"u ‘congenital: heart disease cases revealed 
~.tHat-middle and inner ear abnormalities 
“may coexist with anomalies of the heart. 


These‘ ear abnormalities seemed to be 
die toan arresting of development, at 


* various stages of fetal: life, of mesoder- 
~ mal and” ectodermal structures. These 
i-niddle. ear. anomalies, are . significant 
ey uy end be. ;en- - from. the. -surgical point - of view, and 


‘thus are worthy « of note. 
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Twenty-five. ar ables eas aris clinical Se rec Ned. subita bithiéfinal ‘titanic it 
testing. Vestibular nystagmus was. evaluated for cumulative slow-pliase velécity fromthe sùm- .- | 
mated horizontal eye’tecording: and independent recording of. the leftänd right eye..These data 
revealed that cold: water stimulation produced more intense activation :of the: ipsilateral “eye. * 
Simultaneous closed-circuit video and’ D.C. electro-oculographic recordings. «fróm eight ribrmal: 
rhesus ‘monkeys in response to cold water irrigation’, confirmed the- fact that “this stimul 
leads to S activation of the extraocular muscles. A’ Posible, explanation: fur thi fini 

is discusse : 








n z VAT à = t aano Ew 


In the mid. 1800s. Hering published the sunimated: (ai binópulis | 
numerous works on the, innervation of Mee a P 
the extraocular muscles.'? His major : 
point was that.there is a balance in the-. 

excitatory-inhibitory input to’ the extrá-: : qe segliatiohs: were E out: wit 1983 fe 


„human subjécts and six infrahuman primates ^ 
- ocular. muscles’ and that the eyes.do "(iesus Ek keys). The human subjects were ` 


‘not’ always move symmetrically.’ "Unfor- divided into the followiig. categories: 
tunately, over the past’ 100. cyears, , Her- - 1, Twenty-five. “norinal j youn. men rang-,- 
ings law has become synonymous with -ing in age from 19 to 23 years! Each individual _ 
the a thatthe eyes always move:, was given a complete mies Mahd E 1 
conjugately. An eyen fürther assump- `~ vin nerve Pingtion, a oma ities ‘relat 
tion’.is:that reflexive “eye movements `. Sa Qe Band edt gare seed ihre D. po "E 
are completely conjugate in nature: : patients: -who' weré referred to our facility with - 
[une p pde have been cred * vatious ENT: problems for” caloric testing. ; ~ 
o me tiela o. electronystagmograp Y — Al. subjects and: patients eoripleted a dex 
(ENG) in an almost blanket manner: -tailed spac a tr fed to their vestibular 
‘Eye movement recordings - in. Clinical problems and either had ‘received, or, wem, giv- c 
.ENG. studies are usually made by -plaé- e» audiometric evaluation. s igo 
sing: electrodes at the outér-cünthus-in  . A standard caloric test aipksig water at 
-yil ‘the electrical” ‘dipole: of. ‘each ` Temperatures of 30 C and 44 C was used with 
1e b. ui Buddy e the " lie d: to -all subjects., Each stimulus consisted of 250 
iE S igi an n ED e ‘cc of water delivered over a 40-second period. 
3 _Eye movements were recorded using conven- 
:tional silver-silver -chlóřide electrodes which 
` i were placed at the outer canthi for the’ sum- 
; mated record, With additional electrodes lo-: 
. cated nasallj i dri.fhe horizontal plane, of each . 
eye. for the. independent recording of the'left : °”~ 
d "nd ‘tight.eye movements. A pair of electrodes: ^. . 
was also ~placed. above: ‘and below the duc. 
"eye in order; to fecord veftical inovernents. Eye:* 
movement ; potentials were: amplified ^with: a 5^ 
3-second tinie‘gonstant and written outon à e tsi 
Beckman’ “Dynograph : Recorder, In addition, ace ic 
` “number: of. records. were ‘obtained using D.C. 
$ recording techniques in order to` deterthine‘ey: eye 
; position.’ ' Calibrations for the summated,. left. 


v -U 
















































B. vestigate responses from ‘each , eye, 
dej endently, while also ` nonitoring: 





Nom" tH. Vestibular Function, Otolaryngology Branch; "Clinical Sciences Division, USAF LE. 
| of Aerospace Medicine, San Antonio, Texas. ETT 
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` “interval 


. due to light and dark: "adaptation. . 


Each. "récord was liand-scored: by the;same. 
an aver- . 
age of ten nystagmic beats were, 3üeasuted for: : 
slow-phase velocity during thé. period ‘of max-. 
onse, . typically from 70:80 "seconds. 
eginning of the:stimulus: The slow’. 
phase velocities for the left and ‘right eyé: 
were measured’ during the same time segment. - 


Bid ydogty following caloric stimulation." 








lorie! ‘tirigation by having the. ‘subject fixate on 
` Fights’; hich were 10° ‘apart: and’ autornatical- 


ly flashed. ftom left to. "right about the center. 
E or; All irrigations were performed in rez ." 


uced" red: light with the subject's eyes closed 
“except for ‘a 10-second. period" when 1 
. ject wüs:xednired tolfixate"or-a.smiall light as 
„atest „fof, fixation suppression. The" subjects 


| were: alse kept in red light. during the: thé'5-minute - 5 
between tests-in'àn aitempt.to, ipa 


“mize changes in the -corneo-retinal piai 


` téghnician in. the following mañner:,, 





imum r 


after the 


These data were then keypunched.and statis 
ard ads bya an n IBM 860. mputer, . 






* s88traint pedestals. piu j 
Mergers e mp m 


posite video tape. In this manner,, the actual 
“position of the eyes could be compared to the 
electrical record. 


JAMES W. WOLFE — 


v Fig. d Nystügnic esjföiises í den E BEUM subject showing differenges i in dinplitude 






- and Tight- eye T before each cas 


e sub-. 












ulus led to a slightly higher yelocity in 
^ the. tight. eye. A more extreme differ- 
- ence between the two eyes in response 
i oe caloric stimulation is. shown. in Figure 
222. Following. irrigation with: cold, water, 
n thé ipsilateral. eye is essentially produc- E 
;- ing:the summated record; however, the . -. 
-:arm stimulus leads.to reversal arid the 
: contralateral - eye reflects: the greater. 
`- thagnitude. of responsé.: This- patient: 


* response to. salo irrigation. In some:- 
ud 'a split screen recording technique’ 
. was: ‘gmployed: to simultanegusly obtain. thé 


` electrical. and visual representation on ,a come. "vs a as ae who: had: experi- 
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Ds V RESULTS 5021200 
It was: quite evident. on à: purely ` 
qualitative ` basis that conjugate and 


‘symmetrical eye - - movements::. during: E 
‘caloric irrigation", were- the - exception 
:: rather than the. rule: Figure 1 shows the 
nystagmic responses. from a nórmiál-sub- 


ject. Itis clearly ‘apparent during the 


eold. left response that the left eye has 





almost’ twice: the -amplitude and slow 
phase: velocity . if the right eye:-"fhis 


"same situation is also seen with cold right 

. stimulation: - the ipsilateral eye ‘shows 

* approximately. twice-the amplitude and . : 
"slow phase velocity as the .contralatefal -'-... 
.eye; During the period of response to ~ 
. warm. water,:the eyes tend to be, more: `~ 
















conjugate;. although. thé warm left Stim- ; ji 


“coup RT 


Cay eye. 


prior te" ‘this test. At thé dme, of the tést; ` 
the patient had been asymptomatic: for. 
approximately six wéeks, However, hé" 
did “have a low, intenisity. (7° sec) left. 
beating. nystagmus. in'the. left. lateral 
position. Based oñ, Jongkees formla,- 


he.also had a-minimal (22%). directional: 
preponderance to the left. That this . 
type ‘of response. wás related, to the - 
. nature -of the. stimulus, rather than the-. 
. "clinical pathology, is suppürted. hy-thé: 
^, » fact that, normals could. give this. same. - ; 

; 25.7 qe sitional nystagmus..in-the left lateral 


R “patteri “of TORIES 





" iso 





LFT 












Tig 3 3. "Nystagnie responses from a 
ig m patient? in the left ateral position, 





















244 2 vàted- zn iE 
xn. ‘tone, hearing. loss: 





; på 
sowed 3esults, which were: opposite to - 
"the previous Gisiegsi.6s. the subjects had 
à Eréütextrésponse: from, the: SOntralat-. . > 
ral’ eye: during «cold : ‘irrigation wich ^". 
reversed tó the. Apsilateral side. in re-. — 


sponse to the warm. Sot 
‘The fact that onë. doés’ not need. a- oo 


“caloric stimulus. tò generate asymutié: ' 


trical’ or disconjugate eye movements ‘is 


;clearly evident in Figure 3, As can be 
“seen, this 49-yeai-old female had a po- 


s cha 
` POSITIONAL LET LATERAL ` XE 
SUM Dori ruine 


‘On a purely qualitative. basis; ‘it. b 


2: uM evident that one could obtain al- ^^ - 
‘most. any permutation of the nystagmic ` 


responses. The records also indicated ` 
that the cold stimulus appeared to pro- 
















tion for; Mv ‘patients; : 


+” gach stitnu ARA 
m ae rte that the. ipsilateral, ‚eye. shows almest^ ~ 





„twice the velocity 


‘the contralateral ‘eye 
 followiiig. col 













ymm 
M "Therefore; it became’ obviou that only” 
d statistical ‘analysis of a fairlylarg 

~~ ulation “would reveal. the. true 
“a ships between. the: stimulus and; the : 


"responsé-: The. first córisidération ` was.. 
[i subjects;:, 
_, and’ patients had. only one ey moving s 


3 NOM what:percentage of the. norm: 


"during any: of the stimulus: 
` -. Only two. of the normal sù 
. -'ene.eyé ‘that: did not moye dtr 
warm Or: “cold stimulation ‘Fhos 
. tients" with" a`, bilateral: “hearing: 
.Showed:- the greatest . :peroentage 
monocular rédponsés undéf. ‘these Same 
..  ,conditions;. Since there “were no. signif 
` -cant différences in the- caloric responses 
in the hearing loss left; right, or bilat 
eral groups, their data were combined 
When all hearing losses were ‘combined: 
the data showed that over 39%’ of :these 





patients had one eye that did-nót move P 
during the various stimulations. Of 


those patients that had: normal hearing 

, and a major complaint. of dizziness, 267 
: had only one eye moving. during. orie;o 
more of the.caloric stimulátions. 


In all groups, "cold, water clearl 





“ttalateral eye. The numbe 
with monocular : responses to warm 
stimulation’ was ‘somewhat less and ap- 
peared to be more'evenly distributed. 
There was a tendency for thé ipsilateral 
eye to show more of a decrement, the 
































~ duced.a response décrement/in the;con- " 


` The ‘only major. "differénce from: the **.. 





opposite: . effet from: that ‘of th cold? ^ ' 
"stimulus. `- ^ £ ^r 





Analysis of the slow" ie velócitios: n i l 


7" for the summated, left atid: right eye 
. * :. datà from the 134 ‘patients classified ‘as 
'. normal (directional preponderance: <. 
' 208; unilateral weakness <20%) gave 
22.9 clear indicatiori-as:to the: differential 
"> effects of the cold stimmpli on tlie two 





eyes. Cold water led::to. almost: twi 
the slow phase velocity for the: ipsilat- 
eral eye: regardless: of ‘thé ear stimulat- 


.. ed, whereas the-warm stimulus:showed 
: "almiost. ‘perfect’. symmetry between: the 
- left and right: eyes: (Fig,-4), These data 
* ‘also: show. that thé higher vélocity of the 

ARL PEL. "m 
"+ causes:;an- inflated - value for the sum- 
; mated. "record. Baséd- on the standard 
. method ..of: analyzing the summated 


ipsilateral eye: during cold stimulation 


_record:. fór directional preponderance 


d ‘and „unilatëral weakness, .39 patients 


' weré identified as abnormal: (directional 
preponderance and/or unilateral Weak- 


` ness 2205). within thé 173 total unt 
ki put im in this study Vignes 5 EHOW 
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` Fig.. 5: -Mean slow “phase : velocities NE 
rom” 39 ‘patients:.who ‘were abnormal, . 
— on unilateral weakness or; direction: : 
il. 3preponderarice. parameters. Conditions . 
tlie àme s as'in Pige 4^ 


tween - the two. eyes. for“ ie Set be : 





other group is an' overall depression. of 
the velocities for the first three ‘stimuli. 
Table 1 reflects the means and standard" " 
errors for perm 4 and 5. ^" 
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The . dosdek yida atna à 
from the. ‘monkeys confirmed. the find- tion. Nee. 
ings in the human. subjects. Cold caloric’ "study is tli: 
irrigation of the horizontal.canal con-" he; 
sistently.léd to greater activation’ of the ` ‘jects ] ce water. 
ipsilateral | eye. In ‘some cases,. the con-' : calori * 5 dey pied. [E nystagmus, res 
trdlateral eye; would: tonically deviate. S) ps which was more Vigorous: for“ 
while the ipsilateral eye showed a brisk. 
horizontal nystagmus. Occasionally, th 

- horizontal ‘nystagmus was"replaced 
bursts of oblique nystagmus,. tndicatin 

` that there: was also :activatio thi 
..: vertiéal ‘canals (mast likely nea 
‘“@anial),- The: -simutaneous . vidéo" "ài 
-; D.G,,'eléetrical “recordings öf; the; 
` < And- right eye indicated that the inde- 
péndent EOG. Was a faithful représen-., 
tátion: of? the“ actual’ eye." mioverhents 






report by. eee in ‘which: 















head’ Nagle also obtained .responsés to- 








düected. at:quantifying and clarifying’ - 
the vellsetsof a3 T MOT used - 














ny: Sutestightoks have ‘bee 'con- 
bed. "with, the- ‘problems’ inherent , in, 
using caloric irrigation as a“ means"of ` 
| o However, it‘was also quite ‘evident ‘tha evaluating: the integrity of the vestibu- 
the’. suminated': record * -only- reflected. ` Jat system. The lack of stimulus control, 
conjugate. horizontal. movements. and, ? i:specifically the rate and intensity of the 


= as a result,. indicated: nO. eye r moverién -temperature gradient, leads to an in- 
i t ‘ability to obtain repeatable results. The 


"- caloric test is based.on the assumption, 
which is probably . valid, that stimula- 
tion with warm, water leads to convec- 
































displacement of the cupüla in the hori- 


in tlie" prescrit. study lowes 'oculomoto 
in eB y zontal canal^ànd. cold water leads to 


v^ "asymmetry ‘in’ response to óptokinetic: 
"2s .stinmulation’ "indicates that. the system. 
- cán produicé equal activation of the two was fone- of-the first: to show that there 
| eyes, given-an adequate stimulus; Salat are two types Of cell. populations within- 
* "showed that tiere isa crossed innerva- ` the vestibular ‘end-organ“and that ‘they. 2 
: <. Hort between the twó labyrinths which respond differently to cupular displace-- 
.could-explain the effect of caloric irri- ment caused by angular acceleration and 

.- gation: This study is not the first to caloric irrigation. Changes in tempera- 
n demonstrate that the. eyes can. apne ture within the nervous system also Jead 














evant. to- the; present P 


eon’ the: iirigated side- of ‘the jg o 





old: water. in which only: the. ipsilateral EM a 
"was. moving; The present study was .- ' 


ön: currents which cause ampullo etal .- 


ampillofugal. displacement. Gernandt? .* k 
















éasinig ‘or Ll blood flow to 
iffectéd, area; The’ dectease. in. Mni 
ctüré-ih'response-to cold: irrigation Gf^. 
th labyrinth has. A direct; effect, on the 
âit tells and decreases their: ability to 


DRE 








tory aiid inhibitery-information are non: 
" s&léctively affected, and, since eachitype.: 
has resting activity, this leads torédiiced 

activity; on’ the, side stimulated, Asa re 
sul ibulár nuclei xéeeivé most 
RLVOR . input from. the -opposite ear, 

a thainly due to thg; resulting imbalance in 
` resting discharge rates. Since:there i5.0n-: 








E 


a one. synapse ‘between. the vestibular ^ 


“- “uelei, and the motér-neurons of the: 
t. i. contralateral lateral rectas- muscle: (via: .. 
s the. abduceris nucleus ), the xesponse to 





"the cold stimulug‘ has asstronger influ: * 


" tte - encé on the ipsilatéral abdiicting muscle. 
4. ^2 Hpwe e. in-order för the*c ntralateral 
^ ". eye'to:adduct:in; iésponse t ‘tO ;st 
pes fafon: the; médial: rectüs, muscle must”. 
J^ f be'àctivated yia a disynaptic pathway. 
^ (gbucene or párabducefis or parame. 

ian. pontine: reticular férmation to the’ 









cy "pono nucleus) to the. final motor ` 


euioBs, Obviously, a disynaptic path- <. tionshould be 'employed-ià. interpreting: " 





way, ‘would riot! Have. the integrity .of ` 
-a ‘monosynaptie. connection: This would 
ead to :greater’ F 
| “ducting. éye. H ever, warm water: faces 
eilitates- ‘depolarization and leads. to. a 
more ‘symmetrical activation of the: ‘two 
eyes. S 


Stroud et apo stated that pae 






eye records are not linear and the eye : 


when abducting produces a greater po- 
tential. However, if this is true it is 
|. difficult to: ‘explain why optokinetic 


wegungen des auges, in Hermann's Hanbuch . 
der Physiologie, Dritter.. Band,. Vierterteil, 
` "Zweiter Abschni Uiftes, Capitel, Leipzig, 1879 


1 : ampolsky "A, Marg E: An 
lectromyo£f: hic study of asymmetric cori- 
vergence: "Am. J Ophthalmol 46:174-182, 1958 


3. “Jongkees LBW: Uber die untersuch- 
ungsmethoden des gletchgwichitsorgans, Fort- 
schr Hals-, Nas-, Orenheilk, L, Y. S. Karger, 
Basel/New York, 1953 












- duces ;a..sym 


arie. Cells signalidg both sanik 


- Stroud’s . Observatioris were: 


of the: EOG. 


. ly produces" more. in 


"pendent eye’ ee 


'„fesülts paren eters 








gul Cceleratiom, pro- ^ - 
metrical’ output. ' Further-. gs 
morë, Nagle.and Anderson, using D.C, ` 


| RD ànd computer analysis, štat- 
“ed, “To, correlate farther the movement- 


of the two „eyes, ‘an, average position 
of each eye, along. with’. an: average 
movement of: each: eye, was:-calculated 
during arid. following: stimulation. The 


preliminary - data: indicated. the :éye on 


the stiffiulated side moved further. than 
the eye on the ‘unstimulated side.” ase 
sed“ on 






caloric irrigation, the-"obsery 


‘metriés are’ probably due-to, thé: nature 


of the. stimulus and: "riot, to: nonlinearity 


m - SUMMARY; ^ i 
“The present. study: shows that calorie 


_ stimulation of the- vestibular: end‘organs 
; leads - to: “differential : gi 





ivation:.of the 
This’ is particularly 


imi is, which: ‘usual- 





true for the.“cold’ |" 










' the ipsilateral : éye. 


“of vestibulo-o T 





jest deal NA caul- : 


independent: eye: responses: to- caloric 
stimulation. ‘These: data support using 


-only the warm:stimulus, However, use, 

“of only one stimulus, (watm ‘or: 'eold) 
> will, not. differentiate’ unilateral weak- 
.nés$"fromi- directional preponderance. .-. 
' Results. from, studies. employing: -har- > 


monic (sinusoidàl)- angular. Acceleration 
indicate that,. this ‘stimulus: is “a,.more- 
adequate : Qué for assessing  vestibulo-- 
oculómotor symmetry and demonstrat- 


ing "pathology. ME 
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^. clave an extremely deletérious-effect. on 














| TRNPORARY INCREASE I IN. SENSORINEURAL HEARING LOSS. 
: a "WITH HEARING AID USE. 


ea. "ave MES de 


possible. relationships .bétween hearing - 


















aid use and? "temporary - increases 
| sensorineural hearings Joss: Aù children 
Recently, - Jerger. -ani vis? review 
. ¿the relevant literaturé;.and ‘proposed an 
alternative. method. to the fitting of þin- 
“aural hearing B aids, :toschildren. iu on lér 
to prevent further loss ob hearin 
deterioration in hearing thiesholds s.c 








"language and. speech acquisitiori; devel- 

-, opment, and preseryation of. already’ ex- ` 
* isting ‘skills. 2s 

* hearing-impaired: cannot afford: the. dis- 


‘cious: 'résidual hearing... : ^9. 


. The: following: WÓ cases: “illustrate.” : 


temporary increases: in  sensorineiiral > 
hearing loss following hearing aid: use: 
and demonstrate the need for a specifié: 
appointment schedule with children fol- 
lowing hearing aid recommendation: 


both to assist during the adjustment ': 


periods with new hearing aids; and. also 
to monitor hearing threshold levels in 


order to assure that no decrease in hear- 


ing acuity occurs. 


In each case, initial hearing evalua- - 
tions demonstrated bilaterally symme- 
trical sensorineural hearing loss, probab- 
uy congenital; ir [Ori Only one ear 
"was "initially:amipli ied, but hearing 

thrésholds ‘were monitored in both ears 
to j détermine. the stability of threshold 





“H Parot HEFFERNAN, MA 
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, Bevery Huzs, ‘Carswoninta 


e ‘child whi ‘is’ already- 
“aster ‘of losing. any portion ot his pI 


v 











Mv 







bo bilge. e “namplified | ‘ear, In 

addition; both children were. exarnined 
y an Stologist’ to rule out the presence 

OE: middle- ear disordeis.. . 


: Cai ii im) HT was initially hou 


vated. at age-five years four months. He 





was ; teferred for... otologic-audiologic 
ssessnient :to tule. Gut hearing Joss "as: 
L contributing factor to-his language 


th ‘severe: oral’ language « delay. No 
vious ‘hearing. studies ‘been’ ad- 






Ofologic- “evatuation 'revéaled 1 no ‘evi- . 
‘dence -óf; middle, éar ‘disorders., The . 
resiilts of the initial hearing evaluation, 


“using playZaudiometry; revealed'a sym-. `- 
“metrical bilatéral hearing Joss; moderate. ``- 


.in degree: (Fig. 1À). “Acoustic . imped-^ 
arice: meaguréments avere performed, 
wand acoustic: reflexes were elicited bi- 
: latérally;: tympanometry, -total, imped- 
ance-ànd static - compliance were all 
within notmal range; all results; suggest- 
ing. norma]: middle ear. function.: The . 
_» diagnosis- Was: ` sensorineural - „hearing. i 
loss; probably, congenital in origin, ;: 


The: right. ear, based on subjective’ À 
clinical impressions, was selected for the: 
‘initial trial with amplification. Sitice- 
hearing thresholds 
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elay and. articulation problems: Hehad .. 
T ‘enrolled : ‘in’ Glasses -for. children 


were essentially. .. 
equivalent bilaterally, it was our vilti- y 
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HEARING LOSS WITH USE:OF HEARING AUD, ° 





. o RIGHT EAR. : VO GERT EAR s tmon, 
-— . 250 500:1000. 4000. 8000 -250 500 1000 ^ 49000 





















































HERES LEPDIECDREERRIBEELELIDEBED., C 


lf 
Fr I-A am 


ey . d that it provided adequate gain 
~: did:-not believe he was mature’ enough .for.his communication needs, and the 
^"^to:handle a postauricülar type hearing “family was advised to bring the child 
. aid. We were therefore limited to the back for study in three.months. 
. -few conventional body-type instruments CA Tiai a 
"reported to be appropriate for his mod- However, he was t séen again for 
"étate degree of loss. The hearing aid seven months. Air conduetion and bone 





D 





3 -- selected had a reported Hearing Aid conduction thresholds in the ear without > 


E «Industry Conference (HAIC)* gain of the hearing. aid (left ear) remained ` . 


n 197 af are standard currently replaced by American Standards Association [ASA] STD-7- 











RIGHT: EAR. 
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“4000 >. 8000. . 





Fig 3 9. A) Initial scien d on n MIE, “BY aes prEN fiie wearing. gids 








‘type hearing aid for 12 months on left eat.’ Note; that’ there is ‘no longer : any response to... | 
-bone-conducted stimuli in the right 2 2 DM DE EE contrasting air conduction . 
itial -test:: 


. -thresholds over a 13-month period, @ 
said for 12-months in the left ears: 
"recovery in Ist ear: 





MI 


stable (+ 5 dB). In contrast, both ir 
conduction and bone conduction thresh- 
olds in the hearing aid ear M nd ear) 
decreased in acuity significantly (Fig. 
IB,C). thresholds 


Air conduction 


dropped from 5 to 25 dB, and there was .. 
no response to bone ‘conduicted stimuli at 


. any, frequency. Actual MPO: of the in- 


hi 


strument,, as: medsured by. 
dards.on Briel & Kjaer (BEK) equip- 





inent: Showed. a peak of. 135 dB. There 


were no contributing ear, nose or throat 


conditions found on otologic examina- 


Tur D - waiter 14 


a After? Wearing a. heating 
of: “auditory rest.” Note mampiite 







t4 


"tioni: src Might oin the threshold 


shifts in the right ear. 


It was necesary to determine whether | 
the threshold shift was temporary. or: 
permanent. Therefore, the following ' 


‘recommendations were made: 


Í. HT was not to wear the hearing. 


‘ aid for 14 days; 


2. No auditory training instrumenits*. 
were to be used in classroom;. _...,- 


ke 


3. He was to retum at the aiid nu. 








m onk peld for repeat air onda 
v "tion and bone ‚cond 


tior testing. . 





“The thresholds óbfained at that time 


^ devealed. that the. hearing in the right. 
. ear (bà 


-by &ir/Gonduction and bone 









i iF hearing- evaluation (Fig. 
imonstrating a - reversible ' and 
thüs- temporary. Tiearing loss; : 


The ‘patient was “then fitted: with ‘a. 
new hearing aid for. the: ‘tight, ear, d e 
postauricular. instruriént with à B & K` 
measured HAIC gain of. 32 dBi: ‘HAIG © 
MPO of. 115. dB;. and“axpeak:. of. 





` HEARING LOSS: wit USE ‘OF: HEARING AD. 


- the ear with the hearing aid “left. ear) 


had returned: to the leyels . 


Hithout dapil ( right duy “hac 
remained stable (: 5'dB)--In ‘contrast 


had decreased significantly. in, auditory... 


acuity (threshold shifts mene d from 29 C 


to 35.dB) (Fig. 2B; C). ^ $ 
' Again, it was .necéssary. to. detérining. 


whether, the: threshold shift “was. tem-. |; 
_ iporary. or. permanent, - "The following a 
su Rusty" - 2d 


‘Tecomimendattions - were" 


o 


118 dB. His heating: levels were «moni- ':. 


tored on a weekly basis.:Repéatéd test- 


ing during the 30-day: -trial ‘with.this new > 


instrurhent ; did: not; feveal any further: 
deterioration in hearing thtéshold levels: 


He was: subsequently fitted with -the ` = 


same hearing aid. for the left -ear,.wwhich ` 


has has worn: for 1% years ‘without de- 


terióration. 0k hearing. 7 


:Casé 2 ( MF). ME was “jnitially’ aah -withi 
fhrésholdss 
‘ing been referred by a. speech: patho. Se. 
ogist; who wanted. to rule -out: hearing: - 


ated at ‘age four years four. months, hav-: 






'."loss.as:a major causative’ factor for his ... 


- ` deviant speech patterns.. Otoscopic eval-..: 
^. uation. revealed no. middle-ear abnor- + 


“‘tnalities. The first hearing test, depicted | 


; etry, total: impedance “and ‘static còm: `; 


^ a bilateral hearing loss, mild to ‘moderate, ~ 
* in degree (Fig. ŽA). "Acoustic imped--,.. 
‘ance measurements . revealed: acoustic. ’- G: 
‘in: that ear were monitored regularly. 


reflexes present bilaterally: tympangdin- 


: plíance 3 were within’ normal: range,’ re- ^ 


MESS 


sults compatible ` with “normal..middle. : 
ear. fünétion. The otologic: "diagnosis 3 
was: .sensorineural hearing. loss; De 


sumed: congenital i in origin. 


` Because his parents did not believe 
him, to be mature ‘enough to handle-a 
postauricular instrument. he was fitted 


-> with a small body-type hearing aid for 
"the left ear. It had a reported HAIC 
'., ‘gain of 45 dB and MPO of 125 dB. He: 
` réturned in one month for a check of 
^ his performance with the hearing aid, 
which revealed adequate gain and clari- 
"Cty for his amplification needs, and a 
` 3-month return appointment was made. 


However, he was not seen until one year 
. later. Hearing thresholds in the ear 






TEN tto. within 





X "ew “postauricúlär:4 ‘histrunient AMA pe 
deledfed with a` B:& K measured HAIC 


aT 


HAIG gain. o£ 33 dB.- After wearing. : 


changed. to thi right ear, and thresholds 


ests during the next six months con- 
-tinued to show essentially unchanged 
‘hearing levels in the right ear, despite 


*:eontinued hearing aid use. The left ear 


“has shown some further improvement in 
ae threshold level. 


l DISCUSSION 


Data have been reported on two chil- 
dren with sensorineural hearing loss pre- 
sumed congenital in origin. A relation- 
ship was found 'between hearing aid . 
amplificationuge“and increased sensori- 
neural heariíhg ° Tos. This "increased. loss - 
is apparently: temporary. ir nature, in 





view of its reversibility "üpori; discon: .. . 
tinuing hearing aid use. Hartford and. 


Markle and Sataloff* also reported. the 
same type of threshold shift with hear- 








‘of 108 dB; peak MPO, of 121; dB:- -» 


“this aid. on. the left éarfor' one-month,” ee 
hearing thresholds again appeared to be -~ ` 
‘décreasing. The hearing aid was“then è e 













x Temoved... 





nog: ‘professionals who wok 
aring-impaired on how MP 






:^ ' eases.. It has been. su gested! + l 
-t for hearing. aids ‘be limited xà 
' + and? we trongly* support hà 
" mendaáti ' cases &of "n 
i modérate hearing los5," MPO. i 
qeu. "restricted. to.120 dB; or less. `, 


l Although’ the children. were ves ii 
-~  ofrom use-óf auditory ‘trainers, ; ettó 

' was made to determine a possil 

. effect .cartelation. If the "éhildren- ar 
ound to have temporary decreases’ in 
hearing thresholds with.hearing aid: usé, 
then auditory trainers with similar gàí 
and MPO characteristics should" ‘also 
suspect. 


The frequencies found to exhibit TN 








largest shift in the two cases were 1000 `~ 


and 2000 Hz. Ross and Lerman®.also 


reported greatest shifts of 15.tó' 25. dB . 


in the midfrequencies when MPO of a 
hearing aid was 135 dB or greater, con- 


sistent with our observations. Therefore,  ' 
whatever factor or factors combine to :. 






cause a threshold shift; the pattern does 
,not resemble that f prolonged noise 
exposure (as seen, 


"4000 Hz shift, 


Since it Has been shoviii that i increases... 


„in hearitigloss can exist with hearing aid 
.. "amplification, we believe that initial 
'. "introduction of amplification should al- 
ways be on a monaural basis. If sub- 


HEFFERNAN- SIMONS 


décóyery: effect w when . 
| =? " reveals that no hearing: .changé’ has .óc-: 


^. hearing aid can be imme 


* Tale e monitored in the- same. manner 














trbll 
ialds ` weére - Ec “to instru- 5 
pected) MPO, Sed 


tually be determirtéd.for- indy du E 


corner 
e "lt e 


in boe with a^^ 





S testak dE at "eee un. TE 


curred’ with the néw hearing aid; then’. 
the . recommendation. forthe ‘second ` l 





: mented.” The: ‘second hearing aid. must 








] d | 
d the right éàr.also Ea unstable 
hearing; epi Jewels; then another 
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elécted ‘and fitted, to: include: 






E "Eléctroacotistic RN of the ‘new - 
“hearing aid (preferably before be- 

i ginning use of the instrument) 
: Within 30 days of purchase; ` 


3."Mornthly appointments thereafter 

^" to monitor hearing thresholds until 
the hearing levels have stabilized 
for at least three months of contin- .. 
ual hearing aid use; 


4. Reevaluation (to include bip l 
through 3 above) at least every : 
three months for the next calendar. 
year; 


5. Annual otologic and audiologic 
evaluations, as long as the recom- ` 
mended hearing aid is worn, 





n There is: need to: ‘explore. further. the . “a tie same -hearing: RA 
possible relátionship between: hearing, + fried again i5 that sáie a 


i Nes aliene 
N , Laryngól: ie 28- 


^ 





HEARING LOSS WITH USE OF HEARING AID 





P "CONCLUSIONS AND 5 pi ES “Auditory thiecholas di 
i RECOMMENDATIONS: "f 'U*. itored;until tabilit 


aid use and temporary increases in the. >., auditory ` -thresh esholds, “again 
sensorineural hearing. loss using a larger- i;i X 
population -ań ore coritrols on the ' Lu 
variables previohsly mentioried, The fol i 
lowing procedure might be: followe 


l. If. ES décidase ‘in heariig, th 






"daily exposur 


1. Baroni E Márkle D: 
fect.of a hearing'aid on oné: 
genital deafri ; atyngo ope. 6 "85 


inèural Jeafnes: Ann” Otel 
4:3409- -419, 1965 ` ; 





oss "M; “Terman. ae Heating e use. - 
~effect upon’ residual. - hearing. fish 
j role ;86: :639-644,, 1967. : 


‘Aéademy Cx “Rehabilitative Audiolo 
fiviutes tof Acadeniy I d at Sods Ca 
ifornid; — Summer, 1976. ^ 





_ use of powerful hea 


aud “Acta: QE Dun 69: J23- 


INTERNATIONAL CONGRESS ON EDUCATION OF THE DEAF 
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lem o occurs because: the: recurrent 













“Thé magnitude ob: postoperativ 


^.mately 160,000: thyroidéctoriifes.- "Were 
`. performed.in the United States in:1973.1 ^ 
This suggests that' as high" 
‘nerves were at-risk. The fate 
paralysis is variably reparted from 1%. 
to as high as 4.2% of nerves at risk:*. 





Probably 20% of: RLN paralysis is .sec-”. 


ondary to operative trauma.* «Factors 
affecting the accuracy of. reporting in- 
clude the reluctance to report compli- 
cations, the lack of uniform pre- and 
postoperative evaluation of laryngeal’. ° 
function, the fact that unilateral paraly-* 
sis is often subtle, and that early paraly- 
sis is often transient and late oe 
often gradual in onset. ` 


.. The problem of RLN location is sim- 
‘ilar to that of facial nerve location in 


Ipod surgery.^Unforfünately, the lar- , 


; yigeal muscles are not usually exposed 
' fér obseryation ‘during the search for the 
“RLN. Kratz overcame this problem by 
doiig REN. stimulation with suspension 
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fagitup ; TTE ee 
J His techitique is tedious and of 
y.xetrospéctive valüe to the surgeon. 
Sois talaryügologists . have a long ex- 
periengé in‘Jaryngeal ‘electromyography 










- (EMG )-“both’in clinical* “and: research 
applica ;dnd' have experimented 
with “EMG; -for RLN: identifi- 
E erg. and -Lindholm? did 


jid: sree Stimulation with: EMG 
Saneedlés: 


rted. retrograde. through the 
icothyroid:.:menibrane:’ -We concluded 


MM 


after: reviewing ‘this Work that. the theo- 
retical: basis for.using EMG. analysis of 
"laryngeal-yes p sè to RLN. stimulation 
was sound. “Wei: ‘subsequently di- 
. rected. our.,  éfforts toward’: Analg this. 
technique: ‘a Simple, safe clinical tool. 


" "METHODS. AND MATERIALS . 


of first. concern was the problem of. EMG 

interpretation, Most surgeons are not f 

“with EMG’ and therefore have no confidence, : 
in its utility. On the other hand, p hysiologists 

and rehabilitative medicine specia : 
great familiarity with EMG, but know-little' 
, bout, endoscopy’ and laryngeal function. A: 
.nerve locating device using EMG would have 

to require no skill in EMG interpretation, This 

problem was solved by stimulating the target 

nerve with repetitive stimuli of low frequen- 

cy, short pulses. In essence, the surgeon need 

only reco} 
regular “popping” sounds which represent 
the mass discharge of the stimulated muscle. 
In canine experiments we settled on a 4-10 
quiso stimulation rate as the appropriate 
; tedneney. Figure 1 shows the output EMG 
ofa canine with stimulation of the right 
RÈN and needle electrode in the right vocalis 
muscle. 









In order to replace the cumbersome oper- 
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ative nerve ate wile rs available, a. two-te 
sistor pulse. ‘generator ` "Was. désigniéd v 
hand-held, small, inexpensive 


We experienced difficulty. 
ment of „EMG. electrodes : "int 


with flectrode d in à vocalis muscle NB sq 


AS 43 year-old. ET py diagnosed: 
-T2NOMÜ. squamous cell carcinoma «of . 






tion, and fim Sujet . the bas 
laryngeal ventricle résists extrisiont (Fig. 3). 


at another hos pith .and had: received . 
‘For clectromyographic rer orang wé have, 


-6,600 rads.of cobalt 60 radiation therapy. ^ 
In October 1977 he: pre- - 
* sented, at the Harry Trüman Vetéran's; 
Hospital with ‘obvious recurrence of: 
tumor. Endoscopic examination revealed 
- an.uleérated area of the left ventricle 
and a 2 cm niobile node in the left neck. 
Laryngeal biopsy ‘and aspiration cytol- 
ogy of the neck node for squamous cell 
-carcinoma were positive. On December 
*8, 1977 the patient underwent an un- 
complicated laryngectomy with left . 
radical neck dissection. The clinical la- 








27 GAUGE ryngeal electromyographic electrode 
STAINLESS STEEL was placed perorally in the normal right 
NEEDLE true vocal cord: Prior to dividing the , 


trachea, the RLN was, dissected in -the 
tracheoesophag, al-groove. lrterestingly ` : 
enough, the.nérve could not be found . 


without the locating system: Cigire^4 5 


hows the EMG output with stimulation..:- 
Fig. 2. Clinical laryngeal electromyo- s f 
. graphic electrode ( sole), 4 mm needle of the RLN. On stimulation of nearby . 
Tengt, patent pending. soft tissue and left hypoglossal trunk- 


*Type DS37 Concentric Electrodes, TECA Corp, White Plains, NY. 
**Patent pending, serial No. 748041, group art unit 335, Rea et al. 


Fig. 3. Esta view, Annan larynx, - - 





ta the. Jeft*tmue vocal cord in May :1977. on 










: Ein: no poem EMG activity ` 

` was noted:-At, 2V the-stiriulator needed 

. " tobe- directly ^ on the nervé to obtain a 
| »fésponse on the EMG monitor. By in- 
, creasing’ the nérve:stimulator voltage, 
* the system is Jess elective but leads to 
the nerve. just ` as well a as in ped sur- 


Bary: * 








1 jury i dr doni surgery i athe oe 
solijtions” proposed to date. We- have: . 

reviewed, „the theoretical background 
and presented ‘dur. own- design. of. a. re- 


--current laryngeal nerve ‘locating system. 


The heart of our $ystem;is a new: elec- 
trode for continuous” laryngeal EMG 


- monitoring during ‘thyroid surgery: and ` 


stimulation of the larynx witha 'charac- 


“teristic low frequency pulse train which 


can be-recognized without special skill 


: in, EMG ‘interpretation. We submit that 


within thé limitations. of this locating 
system, combined with, ‘good. surgical 


judgment, operative. RLN injury would 


: bécorne. ‘Jess :‘common if this system 
weré in .general.use. The cost “and 
inconvenience factors should not be a 
problem with this system. There are 
possible: intraoperative applications for 
this- system in other surgical problems 
such as: patie, intrathoracic 
great vessel surgery, orthopedic proced- 
ures sich as abductor release and an- 


„terior cervical, fusion, and otologic pro- 


^. cedures such ás acoustic tümor surgery 
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UPPER AIRWAY OBSTRUCTION ASSOCIATED fa tu 


WITH REGIONAL ENTERITIS ©% , 


James H. Ketty, MD 
Max L. GoopmMan, MD 


Boston, MASSACHUSETTS 


Two patients are presented with upper airway obstruction associated with regional enteritis 


Witas W. Mosrcomieny,’ MD 


Tuomas J. MUEVANEY, MD” 





(Crohn’s disease). Two mechanisms for this obstruction are proposed. ‘Fhe first is involvement of 
the cricoarytenoid joint with the inflammatory process and the second is extensive edema of the 
upper airway due to submucosal involvement with the disease process. We were unable to find 
any previous reports of upper airway obstruction associated with regional enteritis. The data from 
these patients supe that Crohn's disease should be included in the differential diagnosis of 


chronic persistent laryngeal ‘edema. 

Regional enteritis (Crohn's disease), 
a nonspecific granulomatous inflamma- 
tory lesion, has been shown to involve 
the terminal ileum, jejunum, colon, du- 
odenum, stomach, esophagus, oral cavity 


and pharynx. Inflammatory lesions 


outside of the gastrointestinal tract but 
associated with regional enteritis have 
been observed in skin, joints, liver, and 
bone marrow.^"? In 1972,: Croft and 
Wilkinson reported laryngeal involve- 
ment by a nonspecific inflammatory 
process which simulated Crohn's dis- 
ease and which was associated with 
enteritis and involvement of the oral 
cavity and pharynx? We were unable 
to find any previous reports of upper 
airway obstruction associated with re- 
gional enteritis. Two patients with this 
problem are reported in this publication. 


The data from these patients suggest 
that Crohn's disease should be included 
in the differential diagnosis of chronic 
persistent laryngeal edema. 


CASE REPORTS 
CasE 1 


A 25-year-old male school teacher presented 


to the Massachusetts Eye and Ear Infirmary. 


in September 1973 with a two-month history 
of dysphagia, odynophagia, hoarseness, dys- 
pnea, stridor and pain radiating to his left ear. 
His stridor was more pronounced during ex- 
ercise and in the recumbent position. He denied 





. arytenoids. The 


prior episodes of a similar nature. Several years 
before, he had beén treated for a gastrointesti- 
nal disorder which required steroid therapy. 
Subsequently he developed a fistula between 
the small bowel and bladder treated by an in- 
testinal resection. The histological diagnosis on 
the resected tissue was Crohn’s disease. Except 
for occasional mild’diarrhea he experienced no 
significant gastorintestinal symptoms since that 
time. There was no history of allergy or other 
systemic disorders.. He did not use tobacco. 
There -was no family history of allergy or 
stridor. 


-Positive physical findings relevant to the air- 
way.were marked symmetrical edema of the 
epiglottis, aryepiglottic folds, false cords and 
edema did not involve the true 
vocal cords. There was decreased abductive 
motion of both arytenoids. His airway was par- 
tially obstructed. X-rays of the larynx con- 
firmed the physical findings, Laboratory values 
for hemoglobin, hematocrit, white blood cells 
and red blood cells were normal. Antinuclear 
antibody, lupus erythematosus preparation and 
rheumatoid factor determinations were within 
normal limits. The corrected sedimentation 
rate was slightly elevated. 


A presumptive diagnosis of an inflammatory 
lesion related to Crohn's diseasé was consid- 
ered since the lesion had not responded to 
conventional therapies including antibiotics. A 
direct laryngoscopy and biopsy were not per- 
formed for fear ‘of compromising an already 
partially obstructed airway. After consultation 
with an endocrinologist, prednisone was ad- 
ministered. The -dosage was gradually. in- 
creased to 60 mg of prednisone daily. With 
this treatment, the patient's airway symptoms 
cleared completely.’ ‘Physical examination of 
the airway revealed only a small amount of 
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;* Fig. l. (Case 2) Lateral soft.tissue ro- 
“entgenogram showing edema of the epi- 
glottis, aryepiglottic folds and arytenoids. 


1 


residual edema in the region of the arytenoids. 
'The mobility of the larynx returned to normal. 
He was last examined in April 1977. Attempts 
to decrease his steroids below 20 mg of predni- 
sone every other day have resulted iri reap- 


pearance of his symptoms and upper “airway , 


edema. 
CasE 2 


A: 22-year-old Caucasian female was ad- 
mitted to the Massachusetts Eye and Ear In- 
firmary in February 1976 complaining of dys- 
phagia, voice change, nocturnal dyspnea and 
stridor. Three to four months prior to admis- 
sion she had noted a fullness in her throat 
which had progressed to dysphagia. One month 
before admission she began to have stridor and 
dyspnea which were worse at night and re- 
lieved somewhat by position. Her voice had 
become increasingly hoarse. Her family physi- 
cian had prescribed a one-week course of oral 
tetracycline which had failed to improve her 
symptoms, Examination by an otolaryngologist 
two weeks prior to admission revealed edema 
of the palate and larynx. She failed to respond 
to amplicillin and dexamethasone spray and 
"was admitted to. the hospital for further exam- 
ination. ~~ 


Six years prior to this admission she had 
been treated at another hospital for "ileitis 
characterized by crampy abdominal pain and 


diarrhea. She minimized the significance of this 
illness. Two years before admission she had 
an episode of pneumonitis following a laparo- 
tomy for an ovarian cyst. This cleared promptly 
with antibiotic therapy. She smoked approxi- 
mately a three-fourths pack of cigarettes per 
day and used marijuana frequently and hash- 
ish occasionally. She had discontinued mari- 
juana usage when she noted that it aggravated 
her symptoms. Her only mediations were birth 
control pills. Family history was negative for 
allergy or recurrent upper airway symptoms. 
Upper airway examination on admission re- 
vealed edema of the left palate and nasophar- 
ynx. There was marked edema of the epiglot- 
tis, aryepiglottic folds, arytenoids and false 
cords. The edema was more pronounced on the 
left side. Hematocrit was 34%, white blood cell 
count was 9800 with 80% neutrophils, sedi- 
mentation rate 26 mm/hr, cosinophil count 
243/cu mm, BUN, uric acid, total and frac- 
tional proteins were normal. Lupus erythema- 
tous cell preparation rheumatoid factor and 
antinuclear antibody determinations were neg- 
ative. Immunoelectrophoresis, quantitative im- 
munoglobulin, C; and C, inhibitor system 
yielded normal results. Serum muramidase was 
115 with a normal control of 84.° Tuberculin 
skin test was negative. Streptokinase, strepto- 
dornase, and candida skin tests were strongly 
positive, X-ray evaluation, including soft tis- 
sue films, polytomography and fluoroscopy of 
the larynx, confirmed the clinical findings 
(Fig. 1). Chest x-ray was interpreted as nor- 
mal. A biopsy of the edematous soft palate was 
obtained and interpreted as nonspecific chron- 
ic inflammation, Methylprednisolone, 4 mg 
three times a day, was administered with some 
slight improvement. She was discharged to be 
followed as an out-patient. only to be read- 
mitted ten days later because of recurrence 
and worsening of her symptoms. Additional 
laboratory data obtained on this admission 
showed a normal brucellosis titer and normal 
thyroid function studies. A direct laryngoscopy 
was performed and revealed a soft edema in- 
volving the epiglottis, aryepiglottic folds, ary- 





(Case 2) Photograph of the 


Fig. 2. 
larynx showing marked edema of the epi- 
glottis and arytenoids. 
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perivascular infiltrates of lymphocytes and 
plasma cells (H & E, X100). 


tenoids and false cords (Fig. 2); the left side - 


predominated. Mobility of the arytenoids was 
normal. Multiple biopsies were obtained whieh 
showed nonspecific giant cell formation. and 
chronic inflammation. Prednisone, 30 mg every 


other day, was administered and she was dis- ` 


charged on the eighth hospital day, somewhat 
improved. "E 


Five months later she was again admitted to 
the hospital because of increasing stridor and 
nocturnal dyspnea. She had shown significant 
improvement on 55 mg of prednisone every 
other day but she had discontined this. med- 
ication fearing side effects. Since her last ad- 
mission she had developed multiple arthral- 
gias, so severe that at times she could not walk. 
These had lessened prior to admission. She also 
complained of severe intermittent. abdominal 
cramping and watery diarrhea, In view of 
these new symptoms, further investigation of 
her past medical history confirmed that a diag- 
nosis of Crohn's disease had been made six 
years before and that she had experienced mild 
intermittent attacks of cramping and diarrhea 
since that time. A gastrointestinal x-ray series 
was: obtained and it showed inconstant nar- 
rowing of the distal ileum with mucosal edema, 
nodular folds and marginal serrations for 20 to 
30 cm. These findings were interpreted as di- 
agnostic of Crohn's disease. Rebiopsy of the 
epiglottis revealed microgranuloma, edema and 
chronic inflammation. Acid fast mycobacterium 


Fig. 4. (Case 2) High power view of 
biopsy of the palate showing occasional 
histiocytes and neutrophils with rare giant ¢ 
cells (H & E, X100). x7 


` 





and furigalstains ‘were negative. The biopsy re- 
sults were. consistent with Crohn's disease.. Gas- 
troentérdlogy consultation was obtained and she 
was discharged on azulfidine and prednisone. 


- After an initial period of improvement, she de- 


veloped an exacerbation of both her gastro- 
intestinal and upper airway symptoms. She 


“was readmitted and required a tracheotomy to 


obtain an' adequate airway. Despite high doses 
of prednisone, her clinical course has been one 
of-repeated exacerbations and remissions. She 
wears a tracheotomy tube that she plugs when 
her airway is adequate. 


Review of Pathology. Biopsy material from 
the palate showed marked submucosal edema 
and perivascular infiltrates of lymphocytes and 
plasma cells. Occasional histiocytes and neutro- 
phils were present with rare giant cells. The 
lymphatics were dilated (Figs. 3 and 4). Bi- 
opsies obtained from the epiglottis and aryte- 
noids showed similar edema and perivascular 
infiltrates. In several areas the histiocytes were 
numerous and clumped into giant cell config- 
urations. Focal lymphoid nodules were present 
with rare microgranulomata in the central 
areas (Figs. 5 and 6). 


These inflammatory changes*were consid- 
ered nonspecific. Acid fast mycobacteria and 
fungi could not be demonstrated. in specifie 
stains for these organisms. These inflammatory 
changes are consistent with either;/sarcoid or 
Crohn's disease." In the absence of proven clin- 
ical evidence of sarcodosis and the presense of 
Crohn's disease, it seems appropriate to con- 
sider it a manifestation of Crohn's disease. 
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Fig; 5. (Case 2) Biopsy material from 
epiglottis showing edema and perivascular 
infiltrates of lymphocytes and plasma cells 
(H & E, X100). 


DISCUSSION 


In 1932 Crohii ;ettal. described 14 
cases;'of „benign, nonspecific intestinal 


granulomas with necrotizing and eica-. 
tricial inflammation.* All of thesé eases: 
had disease confined to the terminal 


ileum. Since that time it has been appre: 
ciated that involvement of other. areas 
of the gastrointestinal tract are fre- 
quently present. Involvement of the 
colon, stomach, esophagus, rectum and 
more recently mouth have been. de- 
scribed.?* McManus has justly stated 
that this inflammatory process respects 
no anatomic boundaries." 


In 1972 Croft and Wilkinson reported 
a case of a 27-year-old male with severe 
regional enteritis involving the small 
intestine and oral cavity in which the 
epiglottis and supraglottis were in- 
volved.“ A biopsy. of the supraglottic 
larynx showed ` involvement with a 
chronic inflammatory process suggestive 
of Crohn's disease. Granulomata were 
ngt present. There was no mention of 
respiratory - symptoms. The patient's 
hospitalization had been for his severe 
gastrointestinal symptoms. 

The two patients described above 
presented with a chief complaint of 
upper airway impairment. Bowel sym- 






Fig. 6. (Case 2) High power view of bi- 
opsy of the epiglottis showing giant cell 
formation and rare microgranulomata. 


toms were not a prominent part of their 
present illness and oral ulceration was 
not present. Hereditary angioneurotic 
edema, allergic edema and autoimmune 
disorders were considered strongly in 
the differential diagnosis. They were 


„effectively eliminated by careful his- 


tory, the physical findings and the la- 
boratory data. 


Two mechanisms may be responsible 
for upper airway obstruction in Crohn's 
disease. Our first patient had decreased 
motion of the arytenoids, as well as 
marked edema over the cricoarytenoid 
joints and significant odynophagia with 
pain radiating to the ear. The supra- 
glottic edema was not interfering with 
his airway. This suggests that at least 
part of the reason for this obstructive 
symptom was involvement of the crico- 
arytenoid joint either by Crohn's dis- 
ease or an associated arthritic process. 
Arthralgias and arthritis are occasionally 
associated with Crohn's disease." Ar- 
thritic processes may involve the crico- 
arytenoid joint in association with many 
diseases.'? Cricoarytenoid arthritis is the 
most likely explanation for the marked 
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airway obstruction manifested by our’ 


first patient. Our second patient had no 


decreased motion of the arytenoids but | 


the biopsy showed extensive submucos- 
al involvement by chronic inflammatory 


reaction and edema. In this patient ex- - 
tensive edéma seems to be responsible ' 


for the upper airway obstruction. 


CONCLUSIONS | 


The two patients presented. demori- 
strate inflammatory lesions associated 
with Crohn's disease of the small intes- 
tine sufficient to produce upper airway 
obstruction. The upper airway obstruc- 
tion was the presenting complaint :and 
the small bowel lesions were in remis- 
sion. Two mechanisms are presented as 
the possible cause for the airway symp- 


99- 
toms: 1) involvement of the cricoary- 
tenoid joint by either. Crohn's «disease 
or another associated arthritic-^process 
' and/or 2) direct obstruction;of the air- 
< wáy due to submucosal involvement of 
the larynx with chronie* inflammation 
and edema. ->n 


Crohn's disease should be included in 
the differential diagnosis of chronic or 
recurrent laryngeal edema. and appro- 
priate studies should be undertaken,,to 
confirm this if the history is suggestive , 
High doses of steroids should be used 

- as.initial therapy. In patients with near- 
ly complete upper airway obstruction 
direct laryngoscopy and/or -biopsy 
should be avoided for fear of precipitat- 
ing acute upper airway obstruction nec- 

.essitating a long term tracheotomy. 
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'SENSORINEURAL HEARING LOSS AND PILI TORTI 


C. W. RJ. Cremers, MD 
S. J. Geerts, PhD ' 


+ 


, NIJMEGEN, THE NETHERLANDS 


Twelve patients with pili torti and sensorineural hearing loss have been described since 1965. 
We-present two new fainilies with this combination of symptoms, and a restudy of a third fam- 
ily. The genetic aspects are discussed. Tentatively it.is concluded that pili torti is an autosomal 
dominant with a low penetrance of a pleiotropic manifestation of sensorineural hearing loss. 


Sensorineural hearing loss and pili. 


torti are the features of a rare heredi- 
tary syndrome described by Bjórnstad,! 
Reed et al? Robinson and Johnston? 
and-Porters.* Pili torti is a rare abnor- 
mality of, the hair.. Clinically, the hair 
has a peculiar frizzy look, with. small 


"tight curls. It is abnormally fragile and 


consequently: -broken off. or short, in 
some cases. The shafts are microscop- 
ically grooved and flattened at regular 


intervals, and twisted around their own . 


axis in degree varying from 90° to 360°. 
The’ twisting “of hair in pili torti may 
Hart A that of ,monilethrix when 
viewed in a two-dimensional’ but not in 
a ‘three-dimensional plane. 


The literature comprises reports on 
a total of 12 patients with sensorineural 
hearing loss and pili torti. We present 
two additional families and a restudy 
of another family* with this syndrome. 
The findings support a hereditary eti- 
ology, and the pattern of inheritance 
will be discussed. 


CASE REPORTS 


Family 1. The propositus was the only child 
of healthy parents. Pregnancy, birth, perinatal 
and postnatal periods were uneventful. Gen- 
eral development was normal except for delay 
in speech and speech comprehension. Hearing 
loss was first suspected in the second year of 
life, and the girl was referred to the pedoau- 
diologie center of our ENT Department. Oto- 
rhinolaryngological findings were normal ex- 
cept for the audiologic findings. Bilateral sen- 
sorineural hearing loss of 60 dB was found. 


The audiogram showed a flat curve. Exami- 
nation by a pediatrician yielded no special 
findings. Routine laboratory findings of blood 
and urine were normal. The aminoacid spec- 
trum of the urine was determined by qualita- 
tive -high-voltage electrophoresis and found 


normal, Ophthalmologic findings were nor- 


ma]. Special attention was given to the pecu- 
liar look of the thin, curly hair; pili torti was 


“suspected and this suspicion was confirmed by 


microscopic examination (Fig. 1). Eyebrows, 
eyelashes, nails and teeth were normal. 


This girl's mother and several other mem- 
bers of the family had the same peculiar, curly 
hair. without signs of alopecia, but there was 
no family history of hearing loss (Fig. 2). Mi- 
croscopic examination of the hair of the child's 


- mother, one of her sisters,-and her grandmoth- 


er confirmed the diagnosis of pili torti, Audi- 
ometric examination of the girls parents, an 
aunt and her grandmother revealed no abnor- 
mal findings. Genealogical studies through 
five generations failed to disclose any evidence 
of consanguinity. 


Family 2. The propositus visited the Depart- 
ment of Dermatology of our University at age 
33 (Fig. 3). She had complained of thin hair 
for several years, and had noticed progressive 
loss of hair in the past few months. Her moth- 
er, grandmother and several other family mem- 
bers had had the same complaints in the past 
(Fig. 4). Hair growth was very sparse on the 
frontal and temporal areas of the scalp. The 
hairs were very thin, and a diagnosis of pili 
torti was made by microscopic examination. 


For over 15 years she had been aware of 
moderate hearing loss. Audiometric examina- 
tion confirmed a sensorineural hearing loss 
(Fig. 5). Otorhinolaryngologic findings were 
normal, and the middle ears were filled with 
air. Radiographic features of the petrous 
bones were normal. A more extensive audio- 
metric examination yielded findings suggestive 
of a cochlear lesion. 


—. From the Department of Otorhinolaryngology and Human Genetics, St. Radboud Hospital, 
‘University of Nijmegen, Nijmegen, The Netherlands. 
"Presented at the meeting of the Dutch Society for Human Genetics, Utrecht, March 11, 1978. 
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The shaft of the hair on the 


Fig. 1. 
right is microscopically twisted around 
its own axis. . 


The presence of pili torti was confirmed in 
three of the patient's four. children. All- her 
children had normal hearing as tested by au- 
diometry. Genealogical studies through five 


generations failed to reveal any indication of. 


consanguinity. 
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Fig. 2. Pedigree of Family 1. 
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Family 3. The propositi were two brothers 
of parents with no other children (the mother 
had had one miscarriage). Porters‘ presented 
their medical history at a meeting of the Dutch 
Dermatological Society. 


The elder son was born normally after a 








Fig. 3. Very sparse hair growth, espe 
cially on.the"frontal region of the scalp of * 
‘the propositus. in Family 2; ` 
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Fig. 4. Pedigree of Family 2. 


normal pregnancy and an uneventful perinatal 
period. Hardly any hair has grown on the 
scalp since birth. It was not until age six 
that he was referred to the pedoaudiologic 
center of our ENT Department with. a sus- 
pected hearing loss. Audiometric examination 
revealed sensorineural hearing loss of. about 
80 dB. The audiogram showed a flat curve. 
Microscopic examination confirmed a diagno- 
sis of pili torti. The lateral eyebrows. were 
sparse but the eyelashes were normal. He was. 
able to perspire but the sweat test repeatedly 
showed an excessive sodium concentration in 
the perspiration. The nails were not fragile nor 
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Fig. 5. Aüdiogram of the propositus in Family 2. 
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Fig. 6. Audiogram of the younger son in Family 3. 


friable. The teeth were fragile and somewhat 
greenish. Most molars had been extracted at 
age three. The remaining teeth were markedly 
flattened. Further examination failed to reveal 
enamel dysplasia. The testes had not yet de- 
scended at age seven. 


Neurological examination revealed no dis- 
orders. Nonverbal intelligence was normal. 
Radiographic features of the petrous bones 
were normal.. The aminoacid spectrum of the 
urine was determined by qualitative high- 
voltage electrophoresis and found normal. The 
younger son was born after a pregnancy com- 
plicated. by anemia; edema and renal calculi. 
„Birth. and perinatal period were uneventful. 
At the age of 20 months he was seen at the 
pedoaudiologic center of our ENT Department 
with a suspected hearing loss. This hearing 

: Joss (Fig. 6) was found not to be progressive. 

Scalp hair had been virtually absent since 
` birth. Pili torti was diagnosed. The lateral 
parts of the eyebrows were sparse, but the 
eyelashes were normal. 


The parents had normal hearing and normal 
hair growth with no pili torti. A half-brother 
of the mother had had acute loss of hair over 
the entire body surface at age 15, but this was 
based on another dermatological syndrome. 
Other branches of the family had a history of 
defective hearing through at least three gen- 
erations with manifestation at an early age, 
without any abnormality of hair growth. Two 
second cousins had attended a special school 
for hearing defectives. After consulting the 
parents, we decided not to include these family 
members in the study. Genealogical studies 
through five generations failed to reveal any 
indication of consanguinity. 


DISCUSSION 


Since pili torti as well as sensori- 
neural deafness and hypogonadism are 
known as isolated symptoms, the ques- 
tion arises whether the combination of 
the first two symptoms, or in a few 
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cases of all three symptoms, is to be 
regarded as a coincidence or as a syn- 
dromal entity. 


Hypogonadism has been described 
in three brothers*^" and one female! 
of the 16 patients so far described as 
showing pili torti combined with deaf- 
ness in ll families. The conclusion 
reached by Crandall et al? and Kon- 
ingshark and Gorlin,® that this combina- 
tion with hypogonadism should be re- 
garded as a syndrome, seems somewhat 
hasty for the time being. Each of the 
symptoms is sufficiently frequent to 
warrant the assumption of coincidence, 
and the two families described provide 
insufficient arguments for pleiotropy 
( polyphenia ). 


McKusick regards pili torti as a re- 


cessive autosomal feature (26190), and : 


the form he describes disappears with 
puberty. Reed? regards pili torti as a 
dominant autosomal feature. In our 
Family 1 (Fig. 2) and Family 2 (Fig. 
4), pili torti as such is a dominant fea- 
ture, probably autosomal, although 
there are too many females (11 out of 
14). This could suggest transmission 
as an X-chromosomal dominant, and 
would be reminiscent of Menkes’ syn- 
drome or "kinky hair disease,” de- 
scribed by Menkes et al? Menkes’ 
syndrome, however, involves growth 
retardation and early neurological dis- 
orders, and death usually occurs in the 
first or second year. Our families war- 
rant no conclusion in favor of trans- 
mission being either autosomal or heter- 
osomal. It is theoretically possible that 
pili torti and kinky hair represent two 
different mutants of the same gene 
( heteroallelism). With Reed, we regard 
autosomal as plausible for pili torti, in 
which case the hair anomaly is hetero- 
genic. This alone would be sufficient 
reason to pay closer attention to pili 
torti or kinky hair, in an effort to trace 
its hereditary transmission and to estab- 


lish its value as a signal for examiriation 
with a. view to other symptoms, such: as 
deafness. Kurwa and Abdel-Aziz^ have 
already made an attempt to élassify: the 
syndromes which: include pili torti 
among their symptoms; 5 55 7 07 


Deafness is undoubtedly a symptom 
which can be identified ‘asa hereditary 
phenomenon, both in dominant and in 
recessive autosomal form. Coincidence . 
as: explanation of the presence of deaf- 
ness in 16 patients with pili torti there- 
fore does not seem to be excluded. Of 
the 12 cases combining pili torti with 
deafness in the literature, six are fa- 
milial and two are probably familial; 
and only one? is sporadic. McKusick 
(26200): classifies the combination 
among the recessive syndromes beside 
isolated pili torti, but this classification 
is based on the above mentioned scanty 
data from the literature. ue 


Assuming heterogenicity, as McKus- 
ick does, one must assume joint heredi- 
tary transmission of both symptoms 
when there is full penetrance; Whether 
the joint transmission involves a single 
mutant or two linked mutants, can be 
left undecided. Our Families 1 and 2 
contradict joint hereditary transmission 
with full penetrance of pili torti and 
deafness. Although coincidence cannot 
be excluded with certainty, we are in- 
clined to assume, as the simplest expla- 
nation for most of the data, that pili torti 
is a dominant feature which, in about 
50% of cases. involves penetrance of a 
pleiotropic effect on the organ of hear- 
ing. Both symptoms are of ectodermal 
origin. Perhans there is not always pen- 
etrance of pili torti (one of the parents 
in our Family 3; the sporadic case de- 
scribed bv Robinson and Tohnston;? the 
parent of one of Bjórnstad's. patients! ). 
The fact that consanguinity could. be 
excluded in our families seems to sup- 
port that the deafness cannot be’ a 


€ 


coincidental recessive feature. 
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AMERICAN BOARD OF OTOLARYNGOLOGY ANNUAL EXAMINATION 


The 1979 Boards. will be held at the Palmer House in Chicago September 22-30. May 1, 
1979- is the deadline for receipt of application. Contact Walter P. Work, MD at the American 
Board of Otolaryngology's central office Suite 130, 220 Collingwood, Ann Arbor, Michigan 48103 

.(313) 761-7185. " 

There will be no Board. exams in 1980. Residents who finish resident education in 1980 may 
apply to-take their Boards by the September 1, 1980 deadline (moved from former May 1 dead- 
line) to sit for the certifying examination which will be held at the Fairmont Hotel February 
Ee 1981 in New Orleans. All other new and reapplicants must meet the September 1, 1980 
deadline. 
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THE DEAFNESS RESEARCH FOUNDATION 


The Deafness Research Foundation invites applications for 1980 grant support of research 
projects directed to any aspect of the ear. First year applications should be postmarked by 
July 15, 1979 and renewal applications by Augùst 15, 1979. For applications and additional 
information contact: Director of Medical Affairs, The Deafness Research Foundation, 342 
Madison Avenue, New York, NY 10017., 
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EWING'S SARCOMA OF THE MANDIBLE, 
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SAN, Dirgo, CALIFORNIA 


2wing's sareoma of the mandible occurs ‘rarely; there have been less than 50 reported 
cases in the past 30 years and none of. these have: been in the otolaryngologic literature. They 
usually present in the second decade of life with pain and swelling of the soft tissue over- 
lying the mandible. The diagnosis. can only be made by an adequate mandibular biopsy, al- 
though x-rays and clinical presentation are’ helpful. Current treatment consists of radiation ther- 


apy and sequential adjuvant chemotherapy 


Ewing’s sarcoma is a primary inis 
nant bone tumor. first described .by 
James Ewing in 1921 as a "diffuse endo- 
thelioma of the bone" ;' it occurs most 
commonly in the long bones and pelvis. 
In the largest series of patients. with 
Ewing's sarcoma (165 cases), only two 
cases were located in the mandible.* 
There have been only two reported 
cases of Ewing’s sarcoma in the oto- 
laryngologic literature in the past 17 
years, and neither involved the man- 
dible (one involved the maxilla and the 
other involved the mastoid ).? 


Ewing sarcoma arises in the medul- 
lary or subcortical portion of the bone.* 
During its progression, it extends both 
toward the periosteum, destroying the 
cortex, and along the medullary cavity. 
Unlike Ewing's sarcoma, osteogenic sar- 
comas arise in the metaphyseal area 
and then invade the marrow cavity. 
Histologically Ewing's sarcoma. differs 
from the classic osteogenic sarcoma: it 
is comprised of small round cells in- 
stead of the large spindle cell of osteo- 
genic sarcoma.” In addition osteogenic 
sarcomas produce osteoid, whereas 
Ewings sarcomas do not. Although the 
clinical presentation and x-ray studies of 
Ewing’s sarcoma of the mandible are 
helpful in diagnosis, an adequate man- 
dibular biopsy is a necessity. The fol- 
lowing case describes an 18-year-old 
Mexican female with a primary Ewing's 
sarcoma of the mandible. 


From the Division of Otolaryngology, Head and Neck Surgery, and the Department of Pathol» è 


ogy, University Hospital, San Diego, California, 
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CASE REPORT 


P.C. was an 18-year-old female wn 
was well until early. March 1977. 
this time she noted pain on the left side 
of her face, especially around the: 
cheek. She consulted a dentist who 
filled a cavity in her left mandibular 
second molar. Eight days later, she no- 
ticed swelling of her facé; she, recon- 


sulted her dentist who extracted the. 


second molar. Excessive bleeding. re- 
sulted, requiring her to, be hospitalized 
near her home.iti Central Mexico. A 
physician, there’ obtained mandibular 
x-rays and aspirated material intraoral- 
ly; findings from both were interpretéd 
as 
coma. 


The patient was then referred to Uni- 
versity "Hospital, San Diego, for treat- 
ment. On physical examination she had 
a 12 cm x 11 cm left facial mass which 
was firm and tender (Fig. 1). Intra- 
orally she had a 3 cm? left buccal mass 
as shown in Figure 2. The rest of her 
physical examination was entirely with- 
in normal limits. Laboratory data on ad- 
mission, including complete liver func- 
tion tests, were all normal. Her chest 
x-ray was normal except for a small cal- 
cified granuloma; her PPD skin. test 
was negative. A mandibular series ‘re- 


vealed an extensive lesion of the left. 


mandible with permeative infiltration 

of bone and reactive periosteal bone in 
€ » . . . 

a “sunray” appearance, as shown in Fig- 


7 


“compatible with osteogenic sar- - 





Fig. 1. Large left facial mass in patient 
with Ewing's sarcoma of the, mandible. 


ure 3. Gallium and Technesium*? bone 
scans showed focal uptake only in the 
left face and. mandible. The pathology 
slides from Mexico were reviewed and 
felt to be insufficient for diagnosis. Bi- 
opsies were obtained from the left fa- 





Fig. 2. Intraoral left buccal submucosal 
mass as indicated by the arrows. Biopsy: 
from this mass demonstrated fibroadipose 
„tissue and focal collections of tumor cells. 


;;; Gal mass and the left mandible. The bi- 
...Opsy from the left facial mass demon- 
‘strated unremarkable © salivary gland 
‘and fibroadipose tissue. The soft tissue 
adjacent to the mandible demonstrated 
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Fig. 3. Mandibular x-ray demonstrating 
an extensive lesion of the left mandible 
with permeative infiltration of bone and 
reactive periosteal bone in a “sun-ray” 
pattern. The arrows point toward the re- 
active periosteal bone formation. 


focal collections of tumor cells and re- 
active bone. The biopsy from the man- 
dible demonstrated extensive infiltra- 
tion of the bone by a malignant tumor 
composed of round cells, as shown in 
Figure 4. The cytoplasm of these cells 
contained a  Para-aminosalicylic acid 
(PAS) positive material. This material 
was removed with diastase and was thus 
consistent with glycogen. This histology 
is consistent with Ewing’s sarcoma. 


The patient began a course of radia- 
tion therapy and sequential four-drug 
chemotherapy in May 1977. She died 
while undergoing treatment in October 
1977 due to a fulminant pneumonitis. 


DISCUSSION 


Ewing's sarcoma represents about 4- 
7% of all primary malignant bone tu- 
mors seen in the United States." Only 7% 
of Ewing's sarcomas are seen with le- 
sions of the mandible, either as a pri- 
mary tumor or a metastasis. This rarity 
of involvement of the mandible is felt 
to be due to its paucity of bone mar- 
row. The histogenesis of Ewing's sar- 
coma is still speculative; it is felt to be 
derived from immature reticular mes- 
enchymal cells of the bone marrow.* 


Ewings sarcoma is chiefly a malig- 


SARCOMA OF MANDIBLE: 


Fig. 4. Photomicrograph of biopsy: from 
left mandible demonstrating extensive in- 
filtration of the bone bv uniform round 
cells characteristic of Ewing's sarcoma. 
( X100) 


nancy of early life, most common in the 
second decade, with most patients be- 
tween the ages of 5 and 25 years old. 
Males are affected twice as often as fe- 
males. The most common symptoms and 
physical findings are pain, swelling, and 
tenderness.’ The swellings are usually 
hard, but occasionally may be soft and 
fluctuant.t In the mandible, the ramus 
is the most common location of the le- 
sion.’ The majority of Ewing’s sarcomas 
occur in the long bones with the femur 
as the primary site in over one-half of 
the cases.? Sites of spread are the lungs, 
bones, lymphatics, and less commonly 


the CNS. 


The most common initial x-ray ap- 
pearance is characteristically one of cor- 
tical thickening and widening of the 
medullary canal. With progression of 
the lesion, reactive periosteal bone may 
be seen radiographically as layers paral- 
lel to the cortex (onionskin appear- 


ance) or at right angles toit (siray, 
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appearance). However, the radiologic^ 


. appearance is, not diagnostic. The gross 


features of the tumór when examined 


“surgically are Variable and of no diag- 


nostic value.” Histologically, the tumor 
is extremely cellular with: solid sheets 
or masses of small round cells." The nu- 
clei, which comprise about 90% of the 
cells, are. large and round. Areas of 
hemorrhagic necrosis are commonly 
seen. Glycogen can usually be demon- 
strated within the cells by PAS and 
diastase staining. Ewing's sarcoma in 


‘children must be distinguished .chiefly 


from ' reticulum-cell sarcoma, Burkitt's 
lymphoma, and neuroblastoma? Reticu- 
lum-cell sarcoma has less of à tendency 
to penetrate the cortex, the cells have 
larger nuclei,. and they do not stain 
with PAS. Burkitt’s lymphoma is dis- 
tinguished by its "starry-sky" pattern of 
histiocytes containing phagocytized ma- 
terial and again by its failure. to stain 
with PAS. Neuroblastoma .is character- 
ized by rosette formations enclosing 
filamentous neurofibrils. `+ 


The current tréatnent of Ewing’s 
sarcoma is nonsurgical. The current na- 
tional protocol consists of radiation 
therapy and sequential chemotherapy.’ 
Recommended treatment consists of ra- 
diation therapy to the entire involved 
bone to a planned dose of 5,000 to 
7,000. rads  (cobalt^). Concomitant 
with the start of radiation therapy, the 
patient is started on a four-drug adju- 
vant chemotherapy protocol; consisting 
of dactinomycin, adriamycin, cyclo- 
phosphamide, and vincristine.? 


Conventional treatment with surgery 
or radiation therapy, prior to the cur- 
rent protocol, resulted in 5-year survival 
rates of 5-8%. Twelve children treated 
using the combined radiation-chemo- 
therapy protocol at the Memorial Sloan- 
Kettering Cancer Center, have been -te-. 


ported as disease-free when followed... . 
from 10 to 37 months? Results of the: 


National Cancer Institute's study, using .^ 


a similar adjuvant chemotherapy proto- 
col, have also been encouraging.'° 
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EUROPEAN CONGRESS OF PAEDIATRIC OTOLARYNGOLOGY 


- M - 

` * The Section of Paediatric Otolaryngology of the Polish Otolaryngological Society announces 

the First European Congress;of Pediatric Otolaryngology to be held in Warsaw October 5-7, 

v 1979. Applications are to be sent to the Congress Secretary: Dr. hab. M. Goralowna, MD, ul 
Neilkanska 4/24, Children's Hospital, 03-924 Warszaw a, Poland. 
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HEAD AND NECK PATHOLOGY COURSE 


A Head and Neck Pathology Course cosponsored by the American Academy of Otolaryn- 
gology Committee on Pathology and the American Society for Head and Neck Surgery will be 
held June 22-24, 1979 at the Albany Medical College of Union University. Course Director 
will be Jerome C. Goldstein, MD, and guest speakers will include Drs. John Batsakis, Vincent 
Hyams and James Sciubba. For an application write: Jerome C. Goldstein, MD, Professor and 
Head, Division of Otolaryngology, The Albany Medical College, Albany, NY 12208. 
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OPTOKINETIC SUPPRESSION OF ABERRANT VESTIBULAR 


REACTIONS: AN OBSERVATION. | 


Marc S. KAnLAN; MD 


Joun Topp, MS 
Gerard H. Stem, MD 


GAINESVILLE, FLORIDA 


CALVIN K. ADAMs, PhD 


Mank K. GOLDSTEIN; PhD 


It has long been known that optokinetic nystagmus may be modified by vestibular inputs.’ 
We have suppressed an aberrant vestibular response and associated gastrointestinal sensations by 
use of an optokinetic stimulus simultaneous to the positional stimulus in a patient with paroxys- ' 
mal positional vertigo. This single subject. study, utilized several optokinetic conditions, and pat- 
terned its stimulus presentations to control for visual fixation and vestibular habituation. Objective 
recordings of eye movements (ENG) were made simultaneously: with subjective evaluation of 
"dizziness" on a simple magnitude estimation scale. "fat 


Habituation or conditioning of aber- 
rant vestibular response in the past has 
centered on the Cawthorne exercises.! 
This procedure has notable success in 
a few limited disorders, but it is diffi- 
cult for the patient to maintain over a 
period of time. Seeking a new modality 
for suppression of an aberrant vestibu- 
lar response, we have used optokinetic 
(OKN) stimuli. The documented inter- 
relationship that exists between the 
visual and vestibular systems suggests 
that visual stimuli beyond the simple 
one of visual fixation may be able to 
inhibit or partially block the maladap- 
tive aberrant vestibular responses. In 
1922, Bárány noted suppression of ves- 
tibular nystagmus by OKN stimuli. The 
interaction of vestibular and OKN. in- 
puts has subsequently been studied by 
many.*"* Miyoshi et al’? found repeti- 
tive OKN stimulation caused a ten- 
dency, during subsequent walking, to 
turn in the opposite direction. Young 
and Henn,? Pfaltz and Kato,’ and 
Pfaltz and Ohtsuka?’ have all confirmed 
that OKN training causes a subsequent 
habituation of the nystamgmic response 
to various types of vestibular stimuli. 


The data from both the animal and 
human studies provide the neurophysi- 


S3» 
ologic basis for an attempt-to suppress 
an aberrant vestibular response with a 
simultaneous OKN stimulus. 


* 


CASE REPORT-.  ;* 


A 43-year-old male complaining of 
posttraumatic headache and vertigo, 


had repair of a left oval window peri- x: = 


lymphatic fistulà three months after his 
trauma. Residvial paroxysmal positional ,. 
vertigo was. observed. Repeated bi- ^ 
lateral tympanostomies revealed no fis- 
tulae. At* nine months postinjury the 
patient agreed to a trial of Cawthorne 
exercises and trials of OKN suppression 
of his vertigo. His past history was sig- 
nificant in that he had varying levels 
of consciousness for the first ten days 
after his multiple trauma, and multiple 
fractures required spica and other casts 
for over 15 weeks. The patient's chief 
complaint at this time was of a violent 


spinning sensation with associated 
nausea, tremor, palpitations and dia- 
phoresis. This occurred repeatedly 


while lying on his left side or bending 
over up to 20 times per day. The Val- 
salva maneuver did not elicit this re- 
sponse, His hearing remained constant 
throughout. On physical examination he 
appeared healthy, save for decreased . 


From the Department of Surgery, and the Behavioral Medicine Laboratory, University” of . 
Florida, and the V. A. Hospital, Gainesville, Florida. This research was supported in part by the ~ 
NINCDS Teacher-Investigator Award (Grant No. NSI-EA 1 KO? NS 281-01 CDR). 
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Fig. 1. Line 1 demonstrates a right beat- 
ing nystagmus on the left ear down posi- 
tion. Line 2.demonstrates suppression of 

“the nystagmus and the sensation of dizzi- 
ness with a simultaneous counterclockwise 
OKN stimulus in the left ear down posi- 
tion. Line 3 shows the response to left ear 
down position without OKN stimulus and 
with faton. This control for fixation 

suppression ahd, habituation immediately 
followed the stimulus and response seen 
in line 2. There was a slightly decreased 
amplitude of nystagmus but sensation lev- 

el returned to seven. Fahy 
right visual acuity secondary to his 
trauma. His neurologic exam was nor- 
mal. An audiogram showed a moderate 
sensorineural hearing loss bilaterally at 
200 Hz and above. Speech reception 
thresholds were 10-15 dB. Speech dis- 
crimination was normal as were all 
other audiometric tests. ENG showed 
no spontaneous nystagmus, normal sac- 
cadic tracking and pendular tracking, 
and equal bithermal calorics. With the 
left ear down or following a left ear 
down Dix-Hallpike maneuver, the pa- 
tient demonstrated right beating nys- 

tagmus with latency of approximately 
20 seconds and a definite fatigability. 


A controlled series of tests was then 
undertaken. Control of fixation suppres- 
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sion, habituation and alerting was at- 
tempted. Each evaluation session con- 
sisted of not less than five trials. The 
first two maneuvers were used to docu- 
ment the responsiveness of the patient 
in two standard conditions, right ear 
and left ear down, the order of presen- 


‘tation alternating with each session. 


Control for optic fixation consisted of 
a standard maneuver with a stationary 
drum and eyes open. Control for habitu- 
ation was achieved by a rest period of 
five minutes between: each ‘maneuver 
and a control maneuver without OKN 
stimulus at least every third time. Sub- 
jective assessment of the degrees of 
vertigo as well as the control of alert- 
ing was accomplished by requiring the 
patient to provide a verbal rating of 
his sensation of dizziness on a simple 
magnitude estimation scale of zero to 
ten. Zero was no sensation of vertigo; 
ten was the most intense vertigo. The 
patient noted that three and below 
were very mild, tolerable sensations, 
and subjectively, five represented half 
of the strongest sensation. The numbers 
were recorded on the ENG chart for 
correlation with the nystagmus. Figure 
1 shows one set of recordings from over 
nine months of treatment. Other record- 
ings not shown also demonstrate sup- 
pression of vestibular nystagmus with 
the OKN stimuli. 


DISCUSSION 


In summary, over a nine-month pe- 
riod, we have repeatedly observed 
OKN suppression of objective nystag- 
mus and vestibulogastric autonomic re- 
sponses due to left ear down position- 
ing in a single patient study. This 
implies that the visual and vestibular 
inputs oppose each other prior to reach- 
ing the reticular formation. Since ob- 
vious limitations must be placed on any 
conclusions drawn from these data, 
further investigation with better stimu- 
lus control and a larger study popula- 
tion is indicated. 
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BENIGN PLEOMORPHIC ADENOMA OF THE LARYNX 
A CASE REPORT 


PETER M. Som, MD 


Sipxev S.°FEUERSTEIN, MD 


Barry D. NacEL, MD 


Lorre SrRAuss, MD 


New Yonk, New York 


Minor salivary gland tumors of the larynx are relatively 


rare. Morphologically the majority 


of them are adenoid cystic carcinomas and the overwhelming location is the subglottic larynx. 


Benign pleomorphic’ adenomas are rare 


minor salivary gland tumors of the larynx which usually 


occur at the glottic and subglottic levels. We present only the sixth case of a supraglottic benign 
pleomorphic adenoma that we could find in the literature. A preoperative laryngogram localized 
the tumor to the supraglottic larynx and the intact mucosa suggested a specific differential diag- 
nosis. The tumor was removed by a lateral pharyngotomy with retention of good laryngeal func- 
tion. The relatively asymptomatic presentation of our case is a somewhat unusual finding which, 
however, was previously noted in similar case reports. 


Tumors of the salivary glands have 
few rivals in their histological diversi- 
fication. The mixed tumor or pleomor- 
phic adenoma is the .most common 
neoplasm affecting the major salivary 
glands. The vast majority of these 
tumors are benign. Rawson et al! and 


"Ranger et al? found no malignant mixed 


tumors, while Foote and Frazell,* using 
strict histological and clinical criteria, 


‘found 57 of 551 mixed tumiors to be 


malignant. The same gamut of tumors 


that affect the major salivary glands 


can occur, albeit rarely, in the minor 
salivary glands and histologically simi- 
lar mucous glands that are distributed 
throughout the nasal and oral cavities, 
the nasopharynx, oropharynx, larynx 
and trachea. , 


Sabri and Hajjar' reported 37 neo- 
plasms of salivary gland origin occur- 
ring in the larynx of which only 19 were 
reported as mixed tumors. All of these 
except for the single case reports. of 
Abercomby and Rewell’ and Fleischer? 
occurred in the subglottic laryngeal 
region. Their two case reports were in 


‘=the. supraglottic larynx, specifically the 


aryepiglottie- folds; Jakinen et al’ also 
reposted a süpraglottic mixed tumor, 
and “seven mote mixed tumors of the 
larynx were.found in the world litera- 


f onmi the Departments of Radiology, 








ture.“ In all, we were able to find 
only five supraglottic benign ‘mixed 
tumors giving evidence to its rarity in 
this location. 


CASE REPORT 


The patient was a 15-year-old Negro male 
admitted because of chronic nasal obstruction, 
snoring and restless sleeping which had be- 
come progressively worse in the two months 
prior to admission. An uneventful tonsillec- 
tomy and adenoidectomy was performed for 
large obstructive tonsils and adenoids. Follow- 
ing extubation, upper airway obstruction be- 
came apparent, necessitating  reintubation, 
laryngoscopy and eventual tracheostomy. A 
large sessile mass of the left aryepiglottic fold 
was identified and a biopsy revealed a mixed 
tumor. 


A preoperative laryngogram was obtained 
localizing the lesion 'to the supraglottic larynx 
(Fig. 1). The tumor was removed via a lateral 
pharyngotomy approach. The tumor occupied 
the left aryepiglottic fold with extension to the 
vallecula superiorly, the false cords inferiorly 
and abutting the epiglottis medially. It was 
removed intact with a tumor free margin and 
without compromising laryngeal function. The 
postoperative course was uneventful and he 
was extubated on the sixth postoperative day. 
He has subsequently done well since leaving 
the hospital. 


PATHOLOGY 


The gross specimen was a well-cir- 
cumscribed solid tumor of rubbery 


Otolaryngology and Pathology of The Mount Sinai 
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Fig. 1. A) Latétal view of laryngogram reveals large smooth oyoid supraglottic mass. 


B) Anterior-posterior view of 


laryngogram reveals ovoid mass to arise from the left ary- 


epiglottic fold. Mass effect on left pyriform sinus is seen. The glottis and subglottis are 
normal. C) Right anterior oblique view. of laryngogram emphasizes smooth ovoid nature 


of lesion. 


consistency weighing 16 gm and meas- 
uring 4 cm in largest diameter (Fig. 
2A). Microscopically the major com- 
ponent of the tumor was made up of 
spindle cells which tended to form 
interlacing bundles reminiscent, of 
smooth muscle (Fig. 2B). Bands of 
collagen were interspersed throughout 
the spindle-celled tissue. There were 





more cellular areas with little intercellu- 
lar matrix. Myxoid or chondroid matrix 
was present in only small amounts. 
Epithelial elements appeared relatively 
inconspicuous and were found. embed- 
ded within matrix or among spindle 
cells, often as tiny gland-like structures 
lined by cuboidal epithelium and cen- 
taining mucinous secretion. Near the 
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Fig. 2. A) Cut surfaces of bisected solid tumor showing its submucosal location and. . 
fibromatous appearance. B) Photomicrograph of selected area of the tumor showing on 
the left side, several tiny tubular structures lined by cuboidal epithelium, within predomi- 
nantly spindle-celled tumor including foci of amorphous matrix, (H&E, X160) 
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tumor periphery more conspicuous 
glandular elements were present. The 
, tumor did not have à true capsule, but 
“was well-demarcated from the sur- ~ 

~- rounding: tissue. The. overlying mucosa 
was lined by stratified squamous epi- 
thelium. On the basis, of these histologi- 
cal findings the tumor was interpreted 
as a pleomorphic adenoma, 


DISCUSSION 


Thero appears to be no specific age 
predominangé,although most cases were 
in the third to"sixth decades. This pa- 
.tient.is probably tlie youngest reported. . 
The: asymptomatic presentation for such 
a large mass lesion is. similar’ to the case 
of Jokinen et al.*.The Jaryngogram de- 
: : * 
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lineated a smoothly outlined ovoid mass 
of the left aryepiglottic fold extending 
toward the midline. The true cords, sub- 
‘glottis and trachea were demonstrated 
to be normal. 


The differential diagnosis should be 
limited to those lesions that are expan- 
sile masses with smooth intact overlying 
mucosa. A vestigial cyst or internal 
laryngocele can give the same roentgen 
appearance and ‘clinical presentation. 
Angioma and cylindroma should be 
highly considered, and rarely sarcomas 
can appear the same. Carcinomas al- 
most always ulcerate or have irregular 
nodularity of the tumor or overlying 
mucosa and therefore should be con- 
-sidered less likely. 
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a 


As a contribution to the celebration of its 100th anniversay $a in Palm Beach, 
Florida, April 22-23, 1978, the American Laryngological Association arranged for 
a series of presentations dealing with the history of laryg&ology, These papers in 
their entirety have been published in the Transactions ef that meeting. ‘Shortened 
versions of these presentations are published here às-à minihistory of laryngology 
in the United States. <a ie 


` 


jd e. Ki ^ 
In additional commemoration of the 100th anjti¥ersary of the founding of the 
American Laryngological Association, its Couneil.authofized the writing of the 
history of the Society. For this purpose an Editorial Board was appointed consisting 
of Drs. John F. Daly, F. Johnson Putney, Louis H: Clerf, Stanton A. Friedberg, 


Douglas P. Bryce, with Alden H. Miller as coordinator. With the assistance of in- - c, 


numerable contributors including memberzs*as' well as nonmembers, „the Board in 
1978 was able to complete an historically "important book.-For those who desire a 
more comprehensive and detailed history. 6f, laryngology and the interrelated his- 
tory of the distinguished American Lafyngological Association, a reading of the ` 
informative The American Laryngolegical Association, 1878-1978 — A Centennidk . 
History is recommended. As long as they are available, copies may be purchased | 
from the Editor, Gabriel F. Tucker, Jr. MD, The Children’s Memorial Hospital, 
2300 Children's Plaza, Chicago, Illinois 60614. 


. QCnanrzs F. Fercuson, MD 
vs” President 4 
© American Laryngological Association 
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+ f 2) 4 EARLY YEARS OF LARYNGOLOGY IN THE BOSTON AREA 


oe? Me i Chances F. Febon, MD 


JOSTERVILLE, -MASSACHUSETTS. 


One,hundred years ago a group. of 
ten men of vision and with mutual in- 
terests assembled in Buffalo for the pur- 
pose of founding “a national association 
-of specialists in the department of throat 
diseases;" this was the birth of the Amer- 
ican Laryngological Association ARA 
At the organizational meeting in Buffalo 
in 1878, Boston was represented by two 


men” who became Founding Fellows; : 


both active in the proceedings and com- 


mittèe work of the Association, one its ` 


third president, and both essayists on 
the initial program in 1879. They were 
Ephraim Cutter and Frederick I. Knight. 


In 1863 Cutter published the first 
paper in the laryngological literature 
from the Boston area based on. his pre- 
sentation for the first time before a 
"medical society, of a new instrument for 
the examination of the nose and larynx. 
In this paper’ he used the term laryngo- 
scope supposedly for the first time. Five 
years before.this paper, stimulated by 
the eloquent lectures of his Professor of 


Anatomy at Harvard, the eminent Oliver ` 


Wendell Holmes, he had devised a cum- 
bersome instrument for visualization of 
the larynx, but did not perfect it after 
learning of Garcia's extremely simple 
mirror and Czermak’s adaptation of it 
for clinical use. He was a prodigious 
author and wrote over 600 papers on 
medicine and its related fields; and at 
least 6 of them on laryngological prob- 
lems appeared prior to 1878. 


In 1866 Louis Elsberg and J. Solis- 
Cohen, the first two Presidents of the 
Association, journeyed.to Boston to wit- 
ness Cutter's successful removal by thy- 

' rotomy of a huge sarcoma which nearly 
filled.the lumen of the. larynx. He also 
constructed new vocal bands with scis- 
sors, and 23 years later the patient was 
phonating well and even able to sing a 
few notes. 





In that same year another Harvard 
medical graduate, Henry K. Oliver 
(Fig. 1), who had learned of Czermak's 
pioneer clinical work with Garcia's mir- 
ror, was appointed the first "University 
Lecturer on Laryngoscopy" at Harvard, 
following by only eight months the very 


‘first such academic appointment in any 


medical institution, that’ of Solis-Cohen 
at Jefferson Medical College in Phila- 
delphia. Oliver had been demonstrating 
the use of steel mirrors that he had 
brought from Europe, frequently allow- 


ing his colleagues and students to prac- 


tice with large lozenge-shaped mirrors 
“on my most capacious throat.” He was 
one of the. first to’ use a glass mirror, 
made many of his own instruments, and 
silvered his own mirrors. In midlife he 
gave up practice to administer a fund 
for the study of cancer, established by 
a wealthy Bostonian (later the Harvard 
Cancer Commission). 


Oliver's successor at Harvard was 
another founder of the ALA from Bos- 
ton, Frederick I. Knight (Fig. 2). In: 


1872 he was appointed “Instructor in 


Percussion, Auscultation and Laryngo- 
scopy" at his alma mater and organized 
several courses. In the same year the 
Massachusetts General Hospital (MGH) 
appointed him to "take charge of such 
out-patients as may require the use of 
the laryngoscope." This was the inaugu- 
ration of the first throat outpatient clinic 
in the New England area, and within 
two years he was seeing an average of 
1000 patients annually, assisted by only 
an occasional medical student. In 1851 
he was joined by Samuel W.. Langmaid 
and Franklin H. Hooper in the adminis- 
tration of this flourishing clinic. In 1880 
in conjunction with Solis-Cohen and 
Elsberg, he founded the excellent but 
apparently short-lived Archives of Lar- 
yngology. 


Presented at the meeting of the American Laryngological Association, Palm Beach, Florida, 
April 22-23, 1978. This paper was read as part of the presidential address. 
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Fig. l. Henry Kemble Oliver, MD. 


Langmaid was also a Harvard gradu- 
ate (1864) but he did not study abroad 
as had his predecessors. His magnifi- 
cent tenor voice and his close association 
with singers and the theatrical world 
attracted him to a study of the larynx 
and vocal problems in which he became 





Fig. 2. Frederick Irving Knight, MD. 





Fig. 3. Algernon-Coolidge, Jr., MD. 


a recognized authority. He-founded the 
throat department at nearby “Children’s 


‘Hospital which had been serving chil- 


dren since 1869. 


Hooper performed the first adenoid- 
ectomy in this part of the country at 
MGH on June 11, 1885, pioneering in 
the use of ether as a general anesthetic. 
He was a most talented clinician, re- 
searcher and inventor of mouth gags, 
palate hooks, laryngeal curets and polyp 
and tonsil snares. His promising career, 
however, was cut short 16 years follow- 
ing his graduation from medical school 
by cancer of- the: tongue. Knight had 
already recognized. his outstanding abil- 
ities and his great ambition, and mag- 
nanimously resigned the two most pres- 
tigious positions in Boston laryngology 
in favor of Hooper for his remaining 
few short months. Hooper died in 1892, 
but Knight had made an unselfish, but 
irrevocable decision. 

Following Hooper’s very short tenure, 
Boston laryngology received a decided 
setback, The Department of Medicine at 
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* Fig. 4. MGH laryngological staff, 1907. Front row seated L to R: D. Harold Walker, 


MD, Harris P. Mosher, MD, J. P. Clark, MD, Algernon Coolidge, Jr., MD, Joseph L. 
Goodale, MD, MGH nurse, Freeman Allen, MD. 


Harvard took over its work and divided 
the teaching among three institutions: 
MGH, the Boston City Hospital and the 
Boston’ Dispensary. After this unfortu- 
nate subdivision of authority, Boston 
laryngdlogy took several years to re- 





cover. In 1906 the error was corrected 
by the creation of a separate Depart- 
ment of Laryngology at Harvard; Al- 
gernon Coolidge, Jr. was made Professor, 
and all clinical instruction was returned 


to MGH. 


Although the Massachusetts Charita- 
ble Eye and Ear Infirmary had been 
founded in 1824 to “care for the indigent 
of Boston” with either eye or ear condi- 
tions, in 1883 a strong attempt to have 
laryngology also centered there was ad- 
amantly rebuffed by the Board of Man- 
agers on the grounds that the poor of 
Boston still had free throat clinics at 
MGH and BCH. Aural surgeons, how- 
ever, were doing more and more tonsil- 
lectomies and adenoidectomies for oto- 
logical problems, even branching out 
into the surgery of the sinuses and nasal 
polyps. Thus in Boston, otology and 
laryngology, housed in separate institu- 
tions, remained separate specialties, al- 
though overlapping was steadily in- 
creasing. 


For the first 20 years of this century, 
Boston larvngology was Algernon Cool- 
idge, Jr. (Fig. 3) and his small staff at 
MGH (Fig. 4). Coolidge was the father 
of bronchoscopy, at least in Boston. In 
1899 he removed a detached part of a 
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Fig. 6. MGH throat operating room, 1907. 


tracheotomy tube from the trachea by 
direct vision with long forceps applied 
through a female urethral. speculum, 
using a head mirror for. illumination. 
This antedated by a year Killian’s first 
report in the then embryonic field of 
endoscopy. He developed -a flourishing 
endoscopic service at MGH. 


Another Harvard man, Joseph L. 
Goodale, was trained at MGH and in 
Europe. He was an expert on nasal 
allergies, then a new field, and founded 
a clinic for hay fever at MGH, the pre- 
cursor of the famed Rackemann Allergy 
Clinic. 


The man who probably made the 
greatest impact on Boston laryngology 
and its teaching was the dynamic, dis- 
tinguished, but ever-controversial Harris 
P. Mosher (Fig. 5), anatomist, teacher, 
clinician and administrator, who domi- 
nated this specialty at Harvard, MGH, 
and Massachusetts Eye and Ear Infir- 
mary for several decades. A strick Puri- 
tan and true Yankee by birth and train- 
ing, his external reserve and gruff, often 
sarcastic, manner put fear into the heart 
of many a student and patient as well. 


Yet, underneath was a sense of humor, 
a sentimentality he tried to cover, and 
a profound interest and concer’ for his 
protégés, whom he would always back 
to the utmost in time of trouble. He had 
an abiding influence on the younger 
men and counted as his former students 
probably more eminent laryngologists 
than any other teacher of his generation. 
He practiced general medicine for a 
while and then took a four-month course 
in laryngology abroad: his only specialty 
training. On his return home he was 
appointed Assistant in Anatomy at Har- 
vard, his alma mater, but at the same 
time volunteered as Coolidge’s assistant 
in the laryngology clinic’ at MGH. He 
always maintained that he got into “lar- 
vngology through the back door.” Dur- 
ing an eight-year period he invented 15 
different surgical instruments (Fig. 6). 
For Harvard graduates in 1903 he in- 
augurated a course in applied anatomy 
of the nose, throat and larynx, but only 
one senior student enrolled in his first 
class. This shortly developed, however. 
into the world-famous “Mosher Course,” 
dubbed by one of his students as a 
“mess of mud, plaster and glue,” where 


* 


dissection, painstaking drawings of spe- 
cimens and modeling of painted plaster 
casts (Fig. 7) kept the students busy 
every 


AM to 10:00 PM. 


World War I temporarily interrupted 
his courses, while he served at first with 
the British Army in France and, after 
the United States entered the war in 
1917, he became a Major in the US 
Army and was stationed in the Office 
of the Surgeon-General. While in charge 
of otolaryngology in Army hospitals, he 
became acutely aware of the surpris- 
ingly poor training and background of 
many of the self-styled specialists, and 
from this éxperience conceived the idea 
of an examining board to certify proper- 
ly qualified men as tnie otolaryngolo- 
gists. Aw 


Working closely with the five national 
specialty societies, in 1924 he partici- 
pated in the founding of the American 
Board of Otolaryngologv and was its 
President for 92 years. He delighted in 
the yearly examinations and seemed to 
take vicarious pleasure in seeing candi- 
dates squirm over challenging questions 
on obscure points of neuroanatomy on 
which he had crammed for weeks be- 
forehand. Although he insisted on excel- 


Fig. 7. Harvard Medical School laboratory for Mosher course. 


day for seven weeks from 9:00 
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lence of performance, it is said he al- 
ways came to the defense of a border- 
line candidate during the later evalua- 


tion, and never flunked one of his ex- 


aminees. 


In 1932 when D. Harold Walker, 
Walter Augustus LeCompte Professor of 
Otology at Harvard and a Chief of the 
Ear Service at the Infirmary, resigned, 
Mosher at 66 years of age, finally be- 
came LeCompte Professor of Otology 
as well as Professor of Laryngology, and 
Chief of Otolaryngology at the Massa- 
chusetts Eye and Ear Infirmary. 


In contrast to other medical schools 
Harvard always remained a law unto 
itself. Instead of one Department of 
Otolaryngology, with one Professor and 
Chairman, and one hospital for clinical 
instruction, Harvard had two depart- 
ments, two professors and two hospitals 
for students and residents. Otology, sep- 
arate from laryngology, had headquar- 
ters for its professor at Massachusetts 
Eye and Ear Infirmary; laryngology had 
its own professor and teaching facilities 
at adjacent MGH. In 1925, mainly be- 
cause MGH could not provide adequate 
bed space for its laryngological patients 
from its growing clinic, the two services 
were combined, and the Professor of 
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Laryngology at the Massachusetts Eye 
and Ear Infirmary, already an Aural 
Surgeon, became the Chief of the new 
Laryngology Service at the latter insti- 
tution. In 1928 a. building connecting 
the two institutions was erected, finally 
e MD both clinics under the same 
roof. 


For legal reasons related to funding, 
the university still must keep these two 
departments separate. Mosher was the 
first man in the university since Oliver 
Wendell Holmes to occupy two profes- 
sional chairs at the same time. His suc- 
cessor, LeRoy A. Schall, also held both 
chairs: for many years and proved most 
worthy to wear the mantle of that great 
educator, administrator and leader of 
our specialty. 


The story of the early davs of laryn- 
gology in Boston is a fascinating one, 
but also one of great provincialism. Of 
the ten Boston laryngologists before 
World War I (Cutter, Oliver, Knight, 
Hooper, Cobb, Clark, Langmaid, Cool- 
idge, Goodale and Mosher), all came 
from old Puritan, Yankee stock, born 
with the proverbial silver spoon in their 
mouths. Eight were natives of Boston. 


(Mosher was born in Maine and never : 


became a “proper Bostonian,” as he said 
‘he “always lived at the wrong end of 
Beacon Street" and with tongue in 
cheek was the bete noire of the aristo- 
cratic blue-blooded trustees.) Eight 
were educated at Harvard College and 
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two at Yale, but all ten obtained their 
MD degrees from Harvard, and were 
trained at Boston hospitals and practiced 
in Boston; nine of the ten had teaching 
appointments at Harvard Medical. 
School, and had done postgraduate 
study in the European centers of medi- 
cine. 


All were men of means, coming from 
upper-class, well-to-do families, so. they 
could afford the niceties óf life, foreign 


postgraduate training and travel, as well; jx. 


as the nonremunerative aspect#-of teach- 
ing, writing, and caring for the needv 
in outpatient clinics; They were well- 
educated in the classics and in several 
foreign languages; could. read medical 
literature in the original language, were 
somewhat aloof from the commori man, 
yet were ever-dedicated to their patients 
of every rank, their students, and their 
healing profession. According to Charles 
Snyder, the erudite and scholarly librar- 
ian of the Massachusetts Eye.and Ear 
Infirmary. Boston medicine ..prior. to 
World War. I, with its academic in- 
breeding, lacked the leaven of foreign- 
born graduates which so enriched the 
profession in New York. Baltimore, Phil- 
adelphia and Chicago. Lacking this cos- 
mopolitan background, Boston had to 
make it on its own, using its native-born 
manpower and ingenuity to excellent 
advantage. Such was the picture of lar- 
vngology in Boston in its early years. 
mur World War I rapidly changed all 
that. 


Reprints — Charles F. Ferguson, MD, PO Box 313, Osterville, MA 02655. 
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Perhaps the most decisive factor in. 
the growth of specialization in American 
medicine in the 19th century was the . 
tutions solely for the care of the poor. 
- The wealthy received medical attention 


impact of the young physicians who 
continued their postgraduate education 


in the great clinics of Europe — in Vien-. 


na, Berlin, Paris and London. They re- 
turned-to Americá filled with enthusi- 
asm.for what.they had seen and. de- 
termined to set inta practice what they 
had .learned. of "the new. scientific ap- 
proach to medical practice and the ad- 
vantages of speciálization. They settled 
in the large cities where medical schools 
and teaching hospitals offered them the 
greatest opportunity for advancement. 
They*became the: leadets: who estab- 
lished ‘specialty ‘clinics, built specialty 
hospitals, lectured in medical schools 
and organized scientific bodies.. 


In the latter half of the century, 


America had entered a period of’ un- 
paralleled industrial expansion... "The. 


heavy industries that served to supply 
the armed forces in the Civil War were 
converted to produce the steel and 


equipment for the construction of the’ 


railroads and telegraph lines that linked 
city to city from coast to coast. The new 
industries created jobs. Migration from 
the farms and immigration from abroad 
doubled the population of the cities. 
Living in crowded conditions without 
adequate sanitation, the new city dwel- 
lers were easy victims of disease. In- 
fectious diseases, tuberculosis, syphilis, 
diphtheria, scarlet fever were endemic; 
epidemics of cholera, typhoid fever were 
common. Wu T 


The new industries also brought great 
. wealth to the cities. Moved by the 
plight of the poor, and with urging 
from the medical profession, the wealthy 


provided the funds to build hospitals 
and clinics, to care for the indigent. 
These institutions. were charitable insti- 


in their homes. 


The first specialty hospital in New 
York was the New York Eye Infirmary. 
It was opened in 1820 by two young 
physicians, : Dr.. Delafield and Dr. 
hodgers, who on returning to New York 
were dismayed to find that the poor of 
the city had no facility for eye care 
available to them such as they had seen 
in London. The institution was not long 
in operation before it was also provid- 
ing care for ear diseases. In 1864, the 
institutions charter and name were 
changed to the New York Eye and Ear 
Infirmary. In 1873 a throat department 


- was established in that institution. 


- In 1869, the Manhattan Eye and Ear 


-. Hospital opened. In that institution the 
"diagnosis and treatment of diseases of 


the nose and throat grew in importance 
and the Board of Directors decided to 
change its name to the Manhattan Eye, 
Ear and Throat Hospital. 


These specialty. hospitals were. the 
forerunners and models for other spe- 
cialty hospitals which soon began to 
appear in other cities throughout the 
country. 


In 1873 Clinton Wagner, on returning 
to America after two years of postgradu- 
ate training in laryngology in Europe 
and England, settled in New York and 
established himself as a specialist in 
throat diseases. An admirer and friend 
of Morell MacKenzie, he established in 
the same year the first and only hospital 
devoted exclusively to the treatment of 


From the Department of Otolaryngology, New York University School of Medicine, New 
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Fig. 1. D. Bryson Delavan, Secretary, 
of the ALA (1882-1888). 


diseases of the throat, the Metropolitan 
Throat Hospital, modeled after Mac- 
Kenzies Throat Hospital in Golden 
Square, London. 


In 1882 a group of professors of New 
York University were granted a charter 
to establish the New York Post-Graduate 
Medical School and Hospital. This was 
the first postgraduate medical school. in 
the world. This was a significant event, 
for it opened up the opportunities for 
postgraduate training in all the special- 
ties to those who could not afford to 
travel abroad, In its organization sepa- 
rate, departments of otology and laryn- 
gology were established, each with a 
full professor at its head. 


Clinics for the treatment of throat 
diseases began to be established in other 
general hospitals, lectures $n the spe- 
cialties were added to medical school 
curricula. 


The rank and file of the medical pro- 
fession fought against specialization, 
criticizing it because of its narrow ap- 
proach to the patient. Specialists were 
accused of being charlatans interested 
in financial rewards. By the 1870s the 
battle between specialists and general- 
ists had been decided although the in- 
fighting would continue. The new sur- 
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gical specialties received a fresh impetus 
to their development with, the. applica- 
tion of Listerian antisepsis amd; general 
and topical anesthesia: į 


The rapid rise of the specialties in the 
latter part of the 19th-century, from the 
1870s on, was part of one of the most 
exciting periods of American history. 


The period that opened in 1870 has 
“been called the technological age and 


the.age of discovery of invention by 
America, The. list of inventions reads 
like a catalog of scientific marvels. The 
telephone, the microphone, the electric 
light, the. phonograph, thé.4-cycle gas 
engine, the electric street car, air-brakes 
for trains, refrigeration, the rotary press, 
elementary color. photography, motion 


_ pictures, the typewriter, wére inventions 
of that period. Thèse: were. inventions 


that would change: the living standards 
of America. Thé medical profession was 
also caught up-ir the spirit. of the day, 
developing new. instruments and. intro- 
ducing: new ‘techniques, 


New. York's contribution to the devel- 
opment of laryngology is special and 


“unique: Delavan (Figs. 1-5) acclaimed 


it as, the “veritable birthplace of laryn- 





Fig. 2. J. Solis-Cohen, President of the 
ALA (1880). 





Fig. 3. G. M. Lefferts, President of the 
„ALA (1882). "^ 
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gological science.”!, The early contribu- 
tions were made by. general surgeons 
interested in throat diseases. In 1817 
John C, Cheeseman? of New York pub- 
lished a paper on growths and tumors 
of the throat; he also devised a tonsil- 
lotome which “is in the collection of 
historic instruments of the New York 
Academy of Medicine. Gurdon Buck, a 
general surgeon, famous for his Buck’s 
extension apparatus for fractures of the 
femur, described a procedure for the 
relief of edema of the epiglottis by use 
of a specially designed scarificator. He 
is also credited with performing the first 
successful thyrotomy for a growth that 
proved to be malignant. Delavan,’ in 
his 1928 history of laryngology, gave 
Buck the title *Father of Intralaryngeal 
Surgery." 


Joseph O'Dwyer, whose specialty was 
obstetrics, was an attending physician 
on the staff of the New York Foundling 
Asylum where he became concerned 
about the number of children who died 


` of asphyxia in diphtheria in spite of hav- 


ing been tracheotomized. After four 


‘years of experimentation he devised a 


hard rubber tube and instruments for 
inserting it into the obstructed larynx. 
He started using this intubation pro- 
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cedure in 1884. At first his method was 
received with skepticism, but later was 
widely accepted. He also applied this 
method of prolonged intubation with 
rigid tubes for treatment of laryngeal 
stricture. This was another landmark in 
treating laryngeal diseases. 


The story of Horace Green deserves 
a special chapter in the history of laryn- 
gology. He was the first physician in 
America to limit his practice to diseases 
of the throat and is universally ac- 
knowledged as the “Father of American 
Laryngology.” He became interested in 
diseases of the throat as a country phy- 
sician in Vermont. He pursued this in- 
terest, traveling to the hospitals and 
teaching institutions of this country and 
then in Europe: In London he met Sir 
James Johnson who remarked that suc- 
cess in the treatment of laryngeal dis- 
eases would depend upon direct appli- 
cation of medication to the membranes 
of the larynx. Impressed by this observa- 
tion, he returned to New York in 1838 
and began treating laryngeal and throat 
diseases by applying silver nitrate to the 
larynx by means of a specially devised 
sponge-tipped probang. In 1840 he pre- 
sented this method before the New York 
Medical-Surgical Society. He .was so 
roundly criticized that he resolved ‘not 


Fig. 4. F. I. Knight, President 
ALA (1881). 





of the 


MEN AND INSTITUTIONS — NEW YORK.1878 EX 195 


Fig. 5. Louis Elsberg, President of the 
ALA (1879). 


to present the subject again before that 
body. His resignation was called for. 
In 1846 he published a treatise* on the 
diseases of tlie air passages and was 
viciously attacked by his colleagues and 
threatened with expulsion from the New 
York Academy of Medicine. A commit- 
tee was appointed to investigate his 
claims. The committee reported that 
"the procedure was an anatomical im- 
possibility and unwarrantable in prac- 
tice.”> The report was tabled. Later. Dr. 
Green was able to demonstrate on a 
tracheotomized patient that his applica- 
tion did reach the larynx. The details of 
Horace Green's investigation by the 
Academy of Medicine appear in an ex- 
cellent article. Green's work was done 
without visualizing the larynx 14 years 
before Garcia demonstratéd the mirror 
laryngoscope in 1854. 


The question of who actually did the 
first mirror laryngoscopy in America was 
discussed before the Academy of Medi- 
cine in 1861. At that meeting Dr. Ernst 
Krackowizer, an Austrian surgeon prac- 
ticing in New York, stated that he was 
of the opinion that he was the first per- 
son in this country who saw the vocal 





cords in a living. person. He had ob-:- 


tained the instrument from Vienna in 
1858 and used:it to: examine a gentle- 
man from Texas who had tuberculosis 
of. the larynx. Not having further use 


for it, he gave the.instrument to Horace . .... 


Green. 


Cheeseman; 
Green were pioneers ‘in. the: sensé of 
time and method. -It-tias ‘been; Said that 
laryngology as a‘ spécialty. would have 
survived on the basis: ‘of: Green's. work 


alone, so great was the admiration for ; 


this extraordinary man. However; it was 
not until the introduction of the’ laryn- 
geal mirror that laryngology attained 
the same status as its sister specialties, 
ophthalmology and otology. 


By the 1870s laryngology had: come 
into its own. Firmly established in un- 
dergraduate medical education, post- 
graduate training, in clinics, in specialty 
hospitals, and with a growing literature, 
the time had come for sharing an inter- 
est which only a -specialty society can 
provide. i 


The most important event leading up 
to the formation of the American Laryn- 
gological.Association (ALA) occurred 
in October 1873 in New York in the 
home of Clinton Wagner. Dr. Wagner? 
later described that evening im these 
words, "The number of men in New 
York City who were familiar with the 
methods of examining the nose and 
throat could easily be counted. A num- 
ber of us met one evening at my house 
in October 1873 and decided to organize 
a society not only for the mutual im- 
provement and advancement and the 
enlargement of our limited knowledge 
of diseases of the nose and throat, but 
also with a view of establishing on a sol- 
id footing with the medical profession at 
large the specialty of Laryngology and 
Rhinology in this country for the reason 
that many physicians at this time looked 


askance upon all the specialties. The, 
general practitioners of medicine and 


surgery were jealous of interlopers, and 
probangs and gargles were their sole 
reliance for all cases of sore throat. The 
nose was ignored. All of us that evening 
in October were connected with the 


Buck, E Or Der t "and 
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‘Clinics for diseases of the throat.” That 


“evening they organized the New York. 


Laryngological Associatiori, the first so- 
ciety in the world dedicated to advance- 
ment of laryngology and rhinology. 


The nine: who met that evening had 


', much in common. They were young; 


they had studied abroad; they were 
surgeons; and they were interested’ in 
làryngology and rhinology and were em- 
baked on careers that would bring 
them’ great distinction. Robert Weir was 
elected. president. He became Clinical 


^ Professor of Surgery at the College of. 


Physicians and Surgeons. He had many 
honors. bestowed on him both at home 
and abroad for his contributions in 
general: surgery but he also maintained 
an interest in laryngology and otology. 


Charles McBurney became chief of sur-- 


gery at Roosévelt Hospital. He is re- 
membered for.his diagnostic observa- 
—tiéns on appendicitis — the McBurney 
point of tenderness and the McBurney 
incision. Although his field was general 
surgery, he kept up his interest in laryn- 
gology and was a founding member of 
the ALA. 


George Lefferts became Clinical Pro- 
fessor of Laryngology and -Otology at 
the College of Physicians and Surgeons. 
Without doubt he was one of the most 
able and energetic teachers of laryn- 
gology in America. His lectures to the 
undergraduate students were replete 
with models, charts and specimens. He 
introduced patients to illustrate commori 


nose and throat diseases. Frank Bos-- 
worth became Professor of Diseases of . 


the Throat in the Medical Department 
of New York University. Morris Asch 
became Professor of Laryngology at the 
New York Polyclinic and Medical 
School. Clinton Wagner was the first 
Proféssor of Laryngology and Rhinology 
at the New York Post-Graduate Medical 
School and Hospital, founder of the 
.. Metropolitan Throat Hospital. 


Almost everything that these men did 
was a new accomplishment in the de- 
veloping field of laryngology and hence 
they are credited withi many of the firsts 
in techniques, in devising instruments, in 
setting up teaching programs, the crea- 
tion of clinics in hospitals. 
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The success of the New York Laryn- 
gological Society became widely known 
and it is a safe assumption that five 
years later its success prompted Dr. 
Frank H. Davis of Chicago to propose 
that a National Association of Specialists 
in the Department of Throat Diseases 
be established. He invited a representa- 
tive group of laryngologists to meet 
June 3, 1878 to form a new national 
organization. The meeting was held in 
Buffalo, New York, where the American 
Medical Association was holding its an- 
nual meeting. Dr. Davis had selected a 
representative group of laryngologists 
from Boston, New York, Philadelphia, 
Baltimore, Detroit, St. Louis, and Chi- 
cago to act as the organizing committee. 


It is not surprising to find that New 


Yorkers were well-represented in the 
new. organization. Clinton Wagner, 
George M. Lefferts, Louis Elsberg, and 
B. Robinson were on the organization 
committee and were among its first of- 
ficers. Louis Elsberg from New York 
was elected President; Frank H. Davis 
of Chicago, Vice President; George M. 
Lefferts of New York, Secretary-Treas- 
urer. Members of the first Council were 
Clinton Wagner of New York, William 
C. Glasgow of St. Louis, E. L. Shirley 
of Detroit, and I H.*Hartman of Balti- 
more. Almost half of the founding group 
were from New York. 


The first annual meeting of the so- 
ciety was held in New York- June 10, 


-1879, at Delmonico's. President Elsberg 
delivered the Presidential Address en- 


titled “Laryngology in America,” an ex- 
haustive account of throat diseases start- 
ing with the year 1638. The address, 
Which occupies some 57 pages in the 
Transactions, is undoubtedly the longest 
presidential address ever delivered. It 
wás accompanied by a bibliography of 
laryngology of equal proportions cover- 
ing a period from 1809 to 1878. Dr. 
Elsberg, like his contemporaries, could 
lay claim to firsts also. In the same ad- 
dress he claims to have given the first 
regular instruction. in laryngology in 
America and to have established the first 
public throat clinic in America and per- 
haps the world. 


I would like to conclude with a brief 


MEN AND INSTITUTIONS — NEW YORK 1878 


note on David Bryson Delavan. He en- 
joved one of the most distinguished 
careers of service in the medical history 
of New York; he was the Professor of 
Laryngology and Rhinology at Poly- 


127 


clinic Hospital and Medical School; he 
was a leading force in the affairs of the 
New York Academy of Medicine; and 
he held many high positions in civic and 
cultural organizations of the city. 
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CONTRIBUTIONS OF PHILADELPHIA TO EARLY LARYNGOLOGY 


Cares M. Norris, MD 


PHILADELPHIA, PENNSYLVANIA 


In Philadelphia, during the era before 
Garcia, there were several events in lar- 
yngology of historic interest. In 1789, 
Benjamin Rush, the outstanding clini- 
cian of his time who held the Chair of 
Practice of Medicine at the University 
of Pennsylvania, described in a publica- 
tion called “Medical Inquiries and Ob- 
servations" three types of croup: 1) cy- 
nanche ‘trachealis (to which the death 
of George Washington was later attribu- 
ted), 2) cynanche humida and 3) cy- 
nanche spasmodica. 


Philip Syng Physick, sometimes called 
the “Father of American Surgery" and 
beginning in 1805, Professor of Surgery 
at the University, of Pennsylvania, in 
1828 used a tonsillotome, actually a 
modification of one previously devised 
by Bell, for amputation of the uvula and 
later for tonsillectomy. 


Although Atlee in 1826 had written 
on foreign bodies in the American Med- 
ical Review, a more definitive work on 
foreign bodies in the air passages, was 
published in 1854 as a textbook by 
Samuel D. Gross, one of the greatest 
American surgeons of his time and Pro- 
fessor of Surgery at Jefferson. 


Philadelphia did not have a Horace 
Green or a Gurdon Buck, but it can 
proudly claim Jacob DaSilva Solis- 
Cohen, whom D. Bryson Delavan? con- 
sidered the first great leader of laryn- 
gology in America, stating that “at the 
head of his compatriots, there never was 
a time in the active years of his long 
march in which he was not the ac- 


knowledged Chief." 


Dr. Solis-Cohen received his medical 
‘degree from the University of Pennsyl- 
vania in 1860, and shortly thereafter 
enlisted in the United States Army 


where he was an Assistant Surgeon in 
the Medical Corps. On his return to 
Philadelphia after the Civil War, he be- 
gan the study of laryngology as a spe- 
cialty at the suggestion of Dr. Louis 
Elsberg, who had visited Vienna to see 
Czermak's demonstrations of laryngo- 
scopy. Solis-Cohen himself acquired ear- 
ly experience in indirect laryngoscopy 
by visiting dentists’ offices, examining 
the larynges of patients who had been 
given nitrous oxide. He subsequently 
wrote articles on laryngoscopy for the 
Medical Record, published in New York 
in 1862-63. 


In 1866, Dr. Solis-Cohen gave what 
appears to have been the first organized 
instruction in laryngology in America, 
in a series of lectures at the Philadel- 
phia School of Anatomy. Subsequent 
lectures in laryngology were given at 
Jefferson Medical College and at the 
University of Pennsylvania. He was of- 
ficially appointed a Lecturer in Laryn- 
goscopy and Diseases of the Throat at 
Jefferson in 1870; and in 1872 he pub- 
lished Diseases of the Throat and Nasal 
Passages, which Delavan considered 
the "first complete system." In 1880 he 
was one of the founders and became 
Editor of the Archives of Laryngology, 
and in 1883, Professor of Diseases of 
the Throat and Chest at Philadelphia 
Polyclinic and College for Graduates of 
Medicine. 


Meanwhile, with the help of Louis 
Elsberg, Dr. Solis-Cohen in 1867 had 
done a laryngofissure for epithelioma;* 
thé patient was a son of one of the 
professors at the University of Pennsyl- 
vania and survived without recurrence 
for 20 years. This is said to have been 
the first successful laryngofissure for 
carcinoma in America, but Sands (1863) 
may have preceded him. The case of 
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Solis-Cohen was referred to by Von- 
Bergmann, the German surgeon who 
disputed Morrell MacKenzie in advising 
surgery in the celebrated case of Crown 
Prince Frederick (1887). Solis-Cohen 
was probably the first to do subperi- 
chondrial dissection in laryngofissure. 


Solis-Cohen in 1883 reviewed, col- 
lected and analyzed the reports of 65 
cases of cancer of the larynx and at that 
time arrived at the conclusion that ex- 
tirpation of the larynx did not prolong 
life. However, it seems to be true that 
he is credited with performing the first 
really complete laryngectomy in Amer- 
ica in 1884; the patient survived 11 
years without recurrence. Later, in 1892, 
Dr. Solis-Cohen presented a patient on 
whom a laryngectomy had been per- 
formed 14 months before, at the annual 
meeting of the American Laryngological 
Association (ALA), as an example of 
pharyngeal voice.* In 1900, in discussing 
surgical treatment of cancer of the lar- 
ynx, he told the ALA that "the after 
treatment of the patient requires the 
combined services of a laryngologist's 
and surgical mind, and I am one of those 
who believe that every laryngologist 
should do as much as possible of his 
own surgery." 


The status of those who attempted to 
specialize in the days of Solis-Cohen is 
indicated by the fact that for a time he 
was denied membership in the Academy 
of Natural Sciences in Philadelphia by 
medical members who rejected the 
ethics of a physician who would restrict 
himself to a limited field of practice. 


Solis-Cohen and Carl Seiler were the 
only representatives of the Philadelphia 
area to attend the Inaugural Meeting of 
the ALA in Buffalo in June 1878, and 
Solis-Cohen became the second Prési 
dent. A Philadelphia Laryngological So- 
ciety was formed in 1880 by Solis- 
Cohen, Carl Seiler, Harrison Allen (Pres- 
ident of the ALA 1885-86), C. E. Sajous 
and several other associates. In 1882 
Morrell MacKenzie visited Philadelphia 
as a guest of Solis-Cohen and was given 
a banquet by the Society. 


Solis-Cohen was a prolific writer and 
an accomplished scholar with interests 
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in numerous civic and religious organi- 
zations. His influence on the evolution 
of laryngology in America was pro- 
found. He died in December 1927, two 
months before his 90th birthday. Less 
than ten years before this, as Honorary 
President of the ALA in 1918, he pre- 
sented an interesting historical review on -~ 
early days of laryngology.’ Clerf's article 
on Solis-Cohen? gives further details re- 
garding the career of this pioneer. 


Several of Solis-Cohen's associates 
and students are worthy of mention. 
Seiler, the other founding member of 
the ALA from Philadelphia, had initially 
devoted much of his professional interest 
to pathology, but following an interval 
as a "private student" and apprentice of 
Solis-Cohen, became his close associate 
for many years. In 1879 he published a 
Handbook of Diagnosis and Treatment 
of Diseases of the Nose and Throat and 
Nasal Cavity.? He and Solis-Cohen de- 
veloped the use of the dental engine for 
intranasal surgery. . 


Arthur W. Watson, another student 
and associate of J. Solis-Cohen, was also 
a pioneer in septal surgery and appar- 
ently was the first to suggest, in 1896, 
disarticulation of the septum from the 
floor of the nose as an element in the 
treatment of septal deviation. He was 
Professor of Diseases of the Nose and 
Throat at Polyclinic Hospital beginning 
in 1885, and later was Professor of Oto- 
laryngology in the Graduate School of 
Medicine of the University of Pennsyl- 
vania. 


Arthur A. Bliss, also an assistant of 
J. Solis-Cohen at the Philadelphia Poly- 
clinic, studied in Vienna, Berlin, Heidel- 
berg and London, and established an 
Ear, Nose and Throat Clinic at the Ger- 
man Hospital (later Lankenau). In 
1892 he examined 415 young deaf- 
mutes and found a proportion of large 
tonsils and adenoids no greater than that 
in the general population. 


Others of this era who contributed 
significantly to laryngology in the Phila- 
delphia area. were Charles E. DeMedicis 
Sajous, who, in addition to a textbook 
published in 1884," wrote a book en- 
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titled The Strength of Religion as Shown 
by Science," Alexander Watt MacCoy, 
who published a paper in 1889 on laryn- 
geal paralysis during typhoid fever, and 
Walter J. Freeman, who wrote on the 
nasal septum, sinusitis and physiology of 
the upper air passages. 


D. Braden Kyle, a graduate of Jef- 
ferson Medical College, was elected 
Professor of Laryngology at his alma 
mater in 1896 and in 1899 published a 
successful textbook on Diseases of the 
Nose and Throat, which ran to five 
editions. He was elected President of 
the ALA in 1910, and at his meeting 
‘in Philadelphia the following year in- 
vited-Chevalier Jackson to demonstrate 
bronchoscopy for foreign body before 
the Association, in a case of a young girl 
who had developed advanced suppura- 
tive disease; the foreign body was suc- 
cessfully removed. 


The scope and strength of laryngol- 
ogy in Philadelphia were greatly broad- 
ened by the arrival of Chevalier Jack- 
son in 1916 as Kyle's successor. Cheva- 
lier Jackson was also a graduate of 
Jefferson in April 1886, and while in 
Philadelphia he had followed the work 
of Solis-Cohen and Sajous and had at- 
tended a newly established dispensary 
for diseases of the nose and throat. 
Having borrowed from Solis-Cohen the 
books of Morrell MacKenzie, he de- 
cided on the specialty of laryngology 
and traveled to England by steerage to 
visit MacKenzie. Returning to Pitts- 
burgh, he had developed, as early as 
1890, an esophagoscope which was used 
to remove foreign bodies, and beginning 
with the original work of Killian, he ex- 
panded the role of peroral endoscopy, 
constructing a „practical bronchoscope 
with distal illumination. His first text- 
book? was dedicated to Killian. 


Jackson’s abilities as a master teacher 
were rapidly recognized in Philadelphia 
and his academic career is unique -in 
that he simultaneously occupied Chairs 
in Laryngology and/or Bronchoesopha- 
` gology at four medical schools (Jeffer- 
son Medical College beginning in 1916, 
Graduate Scliool of Medicine beginning 
in 1919, University of Pennsylvania be- 
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ginning in 1924, and Women’s Medical 
College of Pennsylvania). 


Internationally, Chevalier Jackson was 
known, in addition to his widely ac- 
cepted methods of endoscopy, for his 
work on precancerous conditions of the 
larynx, and for his studies on surgical 
techniques applied to cancer of the 
larynx. Much of the instrumentation 
still in use in endoscopic work is that 
of Chevalier Jackson and his immediate 
successors. 


Chevalier Jackson was elected to the 
ALA in 1907 and served as its President 
in the year 1926-27. He was the recipi- 
ent of the first deRoaldes Award in 
1998, and became an Honorary Fellow 
in 1929. Other honors included 14 
United States and 9 foreign medals and 
decorations, seven honorary degrees and 
honorary memberships in 10 American 
and 20 foreign societies. While continu- 
ing his postgraduate courses in laryngeal 
surgery and. bronchoesophagology, he 
maintained an active clinical practice 
until 1935; thereafter he continued his 
participation in the courses in broncho- 
esophagology until a few years before 
his death in 1958, in his 93rd year. 


At each of the clinics which he estab- 
lished, Chevalier Jackson left younger 
associates who became leaders in the 
specialty, including Ellen Patterson in 
Pittsburgh; Louis H. Clerf at Jefferson 
Medical College, Gabriel F. Tucker at 
the University of Pennsylvania and its 
graduate school, his son “C.L” at 
Temple University and Emily VanLoon 
at Women's Medical College. 


A unique institution for graduate 
training in otolaryngology evolved at 
the Crd@hate School of Medicine of the 
University of Pennsylvania in 1918; this 
resulted from a merger of the Medico- 
Chirurgical Medical School and the 
Philadelphia Polyclinic and College of 
Graduates in Medicine. The curriculum 
at the Graduate School was distinctive 
in providing an eight-month course of 
cadaver work, lectures, operating room 
demonstrations and assistantships. For 
nearly four decades, large numbers of 
beginning otolaryngogists took ad- 
vantage of the program, and the faculty 
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included many of the outstanding oto- 
laryngologists from the faculties of all 
of the medical schools in Philadelphia. 


Initially, George M. Coates, certainly : 


one of the more distinguished members 
of the ALA, along with Walter Roberts, 
was head of the. faculty in’ otology, 
with Ralph Butler and George Wood 
in rhinology. Dr. Coates was also Pro- 
fessor of Otolaryngology and Chief of 
Service at the University of Pennsyl- 
vania and was coauthor with Chevalier 
Jackson of a widely used textbook.'* Dr. 
Coates is acknowledged as one of the 
great teachers of his generation; he was 
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responsible for many of the advances in 
graduate education in otolaryngology, 
and helped «innumerable young men 
with his encouragement, guidance and 
friendship. 


A complete account would of course 
include the names of many other .Phila- 
delphians who have contributed to lar- 
yngology in its early years, not only 
through their individual accomplish- 
ments but in their dedication to teach- 
ing and the advancement of knowledge. 
Some of these are included in”. our 
centennial history." M^ he 
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Laryngology as a specialty was not 
practiced in the South until sometime 
after thezwar between the states. The 
qualified early laryngologists commonly 
practiced ‘along the coastal regions, not- 
ably Baltimore, Washington, Richmond, 
“ Charléstón.:snd New Orleans, while in 
eas they were usually found in 
‘ations which had degree-grant- 
ing medical schools. 


Prior to this.time, in 1854 Dr. Samuel 
D. Gross, Professor of Surgery at the 
University of Louisville Medical School, 
published a remarkable book on foreign 
bodies in the air passages,’ which was 
considered the standard authority during 
the preendoscopic period. It covered the 
symptomatology, diagnosis, treatments, 
the indications for and technique of lar- 
yngotomy, tracheotomy and bronchot- 
omy. The foremost surgeon of his day, 
he later assumed the chair at Jefferson 
Medical College in Philadelphia and at- 
tracted able men from all areas of the 
country. One of them, Samuel Johnston 
(Fig. 1), a University of Virginia stu- 
dent and later one of the founders of 
the American Laryngological Associa- 
tion (ALA), after studying medicine at 
Jefferson, earned an appointment as his 







clinical assistant, a much sought after 


position. After the Philadelphia training 
Johnston went to New York City with 


letters of introduction, on&to Dr. Marion’ 


Sims who helped him outline a course 
of study. At that time he was particu- 
larly interesteds in orthopedic surgery, 
and one day when he had a rather 
severe cold with aphonia he was asked 
to see Dr. Clinton Wagner, who had just 
returned from Europe and was consid- 
ered an expert in otolaryngology. Em- 
ploying a laryngoscope Dr. Wagner ex- 
amined the larynx, sprayed the throat 
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and made an application to the vocal 
cords, and the next morning Dr. Johns- 
tons voice was restored. He was so 
impressed that he decided to further 
study laryngology, and after practicing 
medicine in Baltimore for a short time, 
went to London to work under Sir 
Morell MacKenzie. While there he met 
Dr. R. McNeil Whistler, brother of the 
artist Whistler, and many others. 


The confidence of Dr. Morell Mac- 
Kenzie was so great that, subsequently, 
Dr. Johnston, was appointed chief of 
clinic at the Golden Square Throat Hos- 
pital, the first American to be so hon- 
ored. He was succeeded in this post by 
Felix Semon. The following letter was 
given to him at the close of his associ- 
ation with Dr. Morell MacKenzie: 


19 Harey Street 
Cavendish Square, West 
September 26, 1876 


Dr. Johnston acted as my chef de 
clinique for a year, and during four 
months had sole charge of my hospital 
patients. I have never before placed an 
assistant in so responsible a position. From 
the post filled by Dr. Johnston I had 
ample opportunities of judging of his char- 
acter and capacity, Obliging in disposi- 
tion, precise in all his dealings, persever- 
ing in the pursuit of knowledge, posses- 
sed of exceptional manual dexterity and 
ever ready to sacrifice himself for the ben- 
efit of his patients, he has already ob- 
tained an experience surpassed by few. 
With such ualifications I cannot doubt 
that he will become one of the most cel- 
ebrated practitioners in America, as he is 
already one of the most accomplished lar- 
yngologists whom England has produced. 


Morell MacKenzie 


Returning to Baltimore and flattered 
by an invitation to the inaugural meet- 
ing of the ALA in Buffalo, he, Drs. 
Hartman and Donaldson chose to attend 
this meeting rather than that of the 
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Fig. 1. Samuel Johnston, MD, founding 
member of the ALA. 


American Medical Association held on 
the same date, of which Dr. Samuel D. 
Gross, his former adviser, was the presi- 
dent. The train trip took 22 hours under 
barely tolerable conditions, and helped 
establish among the members fraternal 
affection, mutual esteem and the deter- 
mination to advance laryngology in 
medicine. Of the other two founding 
members of the ALA, Dr. Jacob H. 
Hartman was instrumental in the forma- 
tion of the Baltimore Eye, Ear and 
Throat Charity Hospital where he prac- 
ticed for 34 years. Dr. Francis Donald- 
son became Professor of Physiology and 
Hygiene and Clinical Professor of Dis- 
eases of the Throat and Chest at the 
University of Maryland. 


From the opening of the Johns Hop- 
kins Hospital in 1889 and that of the 
medical school in 1893 until his resigna- 
tion in 1913, Dr. John N. MacKenzie, 
the pioneer investigator of laryngeal and 
nasal neuroses, held the positions of la- 
ryngologist in the hospital and dispens- 
ary and Clinical Professor of Laryngol- 
ogy and Rhinology. He was a loyal and 
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devoted member of the professional-and 
teaching staff in its early formative 
years which included- Halsted, Osler,‘ 
Welch and Kelly. At this early date the 
importance of laryngology :was--tecog-;.- 
nized by. the advisory board of the-. 
medical faculty who wrote that means 
were not available.to the institution to 
develop the department to. an. extent 





23 years without being | 
operate on the patients whom they sent 
into the hospital. iN C 


In 1912 Halsted. asked’ Samuel J. 
Crowe to organize: the university de- 
partment of laryngology-and otology to 
also include diseases of the thorax com- 
bined into one department. Halsted 
and Crowe had formed a deep affection 
which remained throughout their medi- 
cal careers, beginning after Crowe’s first 
year of medical school when Halsted 
treated Crowe’s ill horse during a camp- 
ing trip to the North Carolina moun- 
tains. Crowe even allowed Halsted to 
treat his tuberculosis of the pharynx by 
burning away the lesions with a red-hot 
soldering iron, resulting in severe burns 
of the pharynx and larynx with impair- 
ment of the voice, all of which later 
cleared. Dr. Crowe later turned larvn- 
gologv and endoscopy over to Dr. Ed- 
win N. Brovles, who had a particular 
interest in this field, starting an endo- 
scopic clinic in 1923. 


« The enthusiasm and development of 
laryngology spread from Baltimore to 
Washington. DC.: In 1891 Drs. J. H. 
Bryan and T. Morris Murray with two 
other physicians founded the Episcopal 
Eye, Ear and Throat Hospital of Wash- 
ington, DC. The institution was gov- 
erned by a board of women managers 
who divided the medical care into 12 
groups, each one having particular re- 
sponsibilities for a given month of the 
year. Among the individuals who gave 
continuing support to the efforts of the 
hospital were Col. Charles Lindberg and 
Mrs. Woodrow Wilson. Dr. Bryan, al- 
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though somewhat advanced . in’ years, 


entered the. Medical Corps of the US. , 


Army in World War I. As chief of the 
“Bye: Ear Nose and Throat Service at 
er Hed General Hospital in World 
ir I, Dr. Bryan reorganized the service, 
arating eye from the ear, nose and 
i. An average of 80-90. patients 

were séen in the ENT clinic daily, and 

-the/operations occasionally numbered as 
- high as.12 daily.Dr: Bryan's recognition 






„as the authority on-the diagnosis and. 


tréhtment' òf ‘sinus disease was largely 
` secured- by surgery. on the accessory 
sinuses, ee : 2 
Dr. W, Peyre: Porcher from South 
"Carolina not orilypracticed his specialty 
in. Charleston, but also later became 
‘President of the South Carolina Medical 
Association, where he implemented the 
establishment of-à*state medical journal 
which had not. been published since 
1877 because of the slow postwar re- 
covery. 


"Dr. Joseph A. White and Dr. Charles 


M. Shields helped found the Eye, Ear 


and Throat Infirmary and Dispensary in 
Richmond, Va. Ten years later it was 
stated that this dispensary was the larg- 
est special hospital in the South, with 
accommodations for 25 patients. A con- 
stant contributor to medical literature, 
Dr. White wrote more than 200 articles 
dealing with various aspects of the spe- 
cialty. He also invented a self-retaining 
palate and tongue retractor and a gal- 
vanic cautery handle with various at- 
tachments for operations upon the nose 
' and throat. Lectures on diseases of the 
ear and throat at the Medical College 


of Virginia were begun as early as 1883, 


At that time the Negroes in Virginia 
often used urine in inflammations of the 
eye and throat. One father's remedy for 
sore throat was*the 24-hour collection of 
his son's urine plus two tablespoons of 
sugar, to be gargled everv two hours. 
The boy was said to have had only one 
sore throat in his life. 


By 1893 the teaching of laryngology, 
commonly in a ‘six-week course, was 
being presented in alt the. postgraduate 
schools of the medical colleges of the 
country, and laryngology found itself 


; F, JOHNSON ;RUTNEY 


equal to its sister specialties. This 
emergence of laryngology induced a 
large number to join, especially after 
they: had acquired knowledge of the 
necessary instrumentation. Many of the 
so-called specialists were recent gradu- 
ates without experience in the practice 
of medicine, while others who had been 
in practice took up laryngology as an 
easy and lucrative means of livelihood. 
In a town with as many as 20,000 in- 
habitants, one or more self-styled spe- 
cialists were devoting much of their time 


‘to laryngology. The idea prevailed that 


laryngology. was a mechanical specialty, 
and the spray apparatus, cautery, saw 
and snare were used promiscuously. 


‘In later years the need for upgrading 
the specialty was apparent. At the close 
of World War I a school of otolaryn- 
gology was organized at Camp Green- 
leaf, Chickamagua Park, Georgia, di- 
rected by Dr. Thomas J. Harris. A board 
of examiners representing the various 
branches of medicine and surgery met 
daily to examine every student officer, 
and anyone interested in one of the 
specialties was assigned for. examination 
to the director of that particular school. 
The returnees, regardless of length of 
practice in the specialty, with few ex- 
ceptions, showed a lack of knowledge 
of the fundamentals, and the need for 
adequate and thorough graduate edu- 
cation became evident. From this ex- 
perience the conclusion was reached 
that standardization of postgraduate in- 
struction leading to satisfactory examina- 
tion and conferring of a special degree, 
was the only way to sort out the in- 
competent and untrained self-styled 
specialists. This was the forerunner of 
the American Board of Otolaryngology. 


Dr. Charles W. Richardson of Wash- 
ington, DC was Dr. William Osler’s first 
intern at the University of Pennsylvania 
Hospital in 1900. As à young man his 
leadership was demonstrated by his ap- 
pointmÉnt, along with Dr. Osler and 
Dr. Matas, as a member of the Ameri- 
can Medical Association medal commit- 
tee. Advancing to Professor of Laryn- 
gology and Otology at George Wash- 
ington University, his World War I 
record was outstanding and when Dr, 
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Arthur W. deRoaldes, early 
practitioner of laryngology in New Or- 
leans and ALA President in 1907. 


Fig. 2. 


Harris P. Mosher was ordered overseas, 
he replaced Mosher in the Surgeon Gen- 
eral's office as head of the section of 
otolaryngology. While there he estab- 
lished a general hospital at Cape May, 
New Jersey, devoted to the care and, 
when possible, the cure of soldiers suf- 
fering from the defects of speech and 
hearing. Dr. Richardson was determined 
that American soldiers should not follow 
the lead of some other allied govern- 
ments who discharged war-damaged 
soldiers without rehabilitation oppor- 
tunity. 


In New Orleans no record of oto- 
laryngological diseases appeared until 
the early part of the 1880s. Dr. Arthur 
W. deRoaldes (Fig. 2) planned the first 
ambulance serviee in New Orleans and 
was one of the first physicians in the 
city to limit his practice entirely to the 
car, nose and throat. Upon returning to 
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New Orleans followine additional spe- 
cialty training abroad, his renewal of 


` old: acquaintances soon resulted in the 


reformation of a group of ENT friends. 
who met once a week for a social ga 
of poker. From. each "kitty" a sri 
amount of monéy: was withdrawn. a 
used to defray the expenses of ‘tenting 
rooms and treating indigent patients 
with otolaryngological problems. In, the. 
course of time new. quarters were néc- 
essary, and Dr. deRoaldes was the mov- 
ing force in obtaining. a suitable place, 
which was the modest. beginning of the 
Ear, Nose and Throat: Hospital. While 
serving as President of the ALA in 1907; 
Dr. deRoaldes donated a.sum of money * 
for a prize to be given to a member of. 
the Association who ‘had. distinguished 

himself in achievement of either rhinol- 

ogy or laryngology.' The deRoaldes 

medal is now recognized as the highest 

honor bestowed by the ALA. 







Two distinguished laryngologists met 
untimely deaths: Dr. Gordon King and. 
Dr. Robert Lvnch. As Dr.. deRoaldes' 
vision failed, Dr. Gordon King became 
his associate, later becoming surgeon in 
charge of the ear, nose and throat divi- 
sion at the hospital. At an earlv age he 
was already regarded as a leader in the 
prefession. Dr. Lynch is credited with 
refining suspension laryngoscopy and 
devising and improving many instru- 
ments, developing intralaryngeal surgi- 
cal treatment of early carcinoma of the 
vocal cord, and pioneering in the devel- 
opment of laryngeal photography which 
he exhibited in 1920. 


Both world wars provided an impetus 
to the development of laryngology in 
the South. Existing residencv programs 
were stimulated, new ones begun. and 
otolaryngologv, some as divisions of gen- 
eral surgery and others,as autonomous 
departments, recruited numerous full- 
time chairmen. Larvngology with its 
manv side paths was broadened, provid- 
ing the stimulus for the advancement of 
other aspects of head and neck surgery. 


Nene, 


1. Gross SD: A Practical Treatise on Foreign Bodies in the Air Passages. Philadelphia, Blanch- 


ard and Lea, 1854 
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HISTORY OF LARYNGOLOGY IN EARLY CHICAGO AND 
| " ,RUSH MEDICAL COLLEGE 


3 Rush Med 





lical College and the city of 
Chicago came. into existence almost 


simultanéously -if171837, with Rush re- ` 


ceiving its charter jist several days be- 
fore the city was <iticorporated. The 
founder “of Rush. was. Dr. Daniel 
' Brainard who had arrived’ in Chicago 
practically penniless. in 1836, having 


^. made his way from the East on horse- 
'* back! Born in upstate New York, Dr. 


Brainard took a peceptorship in medi- 
cine, attended lectures and received a 
$e dlggree at. Fairfield Medical College, 

whieh was also known as the College of 
Physicians and Surgeons of the Western 
“District of New York. He subsequently 
` Went to Philadelphia where he received 
` another medical degree from Jefferson 
Medical College in 1834. Returning to 
New York, he practiced medicine for a 
short while before starting west (Fig. 1). 


A severe economic depression and 
lack of a faculty interfered with the 
opening of the new medical school but 
meanwhile Dr. Brainard had initiated a 
course in anatomy instruction in his own 
office (Fig. 2). The choice of the name 
given the new medical college was in- 
teresting. Benjamin Rush was a promi- 
nent physician as well as one of the 
signers of the Declaration of Indepen- 
dence. “His name was euphonious, had 
good associations, and no bad ones at- 
tached to it, hence would serve the pur- 
pose well"? It was hoped that the heirs 
of the wealthv Dr. Rush (by then de- 
ceased) would contribute generouslv, 
‘but only a letter of thanks was forth- 
coming. 


When Rush Medical College began 
its first 16-week session with a class of 
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39 students in December 1843, the pop- 


ulation of Chicago was 7,850. During 
the 1840s, *The Rush faculty was wad- 
ing through the mud to their badly fur- 
nished wooden school when the walls 
of the Philadelphia hospital were al- 
ready lined with portraits of great citi- 
zens and physicians"? (Fig. 3). 


Dr. Brainard was a skilled surgeon 
and performed extensive operations 
upon the head and neck before the 
availability of anesthesia. In 1846 he 
accurately described a total resection of 
the maxilla for a malignant tumor, done 
in ten minutes with the patient wholly 
conscious during the procedure. A de- 
scription of this operation is to be found 
in the Illinois and. Indiana Medical and 
Surgical Journal, founded by Dr. Brain- 
ard as the first periodical of its type in 
the new territory.* The 1849-50 college 
catalogue for Rush lists opportunities 
for students to observe operations for 
the removal of tonsils, plastic procedures 
to correct nasal deformities, and remov- 
al of nasal and ear polyps. The Rush 
Medical College building of 1855 is 
depicted in Figure 4. 


Dr. Edward L. Holmes, after study- 
ing in Vienna, Paris and Berlin, came to 
Chicago to specialize in diseases of the 
eye and ear. He established the first 
eve and ear clinic in the West, the 
Chicago €haritable Eye and Ear In- 
firmary, which later became the Illinois 
Eye and Ear Infirmary. A Chair of 
Ophthalmology and Otology was estab- 
lished for him at Rush in 1868. 


In 1867 a general surgeon in Chicago, 
Edmund Andrews, described an endo- 


From the Department of Otolaryngology and Bronchoesophagology, Rush-Presbyterian-St. 


Luke's Medical Center, Chicago, Illinois. 


Presented at the meeting of the American Laryngological Association, Palm Beach, Florida, 


April 22-23, 1978 


136 






Fig. 1. Daniel Brainard, 1812-1866. 


scope with a perforated mirror and a 
heated magnesium wire for illumination. 
In 1871, he devised a mouth gag not 
unlike the present day Jennings instru- 
ment. 


Dr. E. Fletcher Ingals, an original 
member of the American Laryngologi- 
cal Association (ALA), began his teach- 
ing career at Rush Medical College in 
1871 as Assistant Professor of Materia 
Medica and Therapeutics. In 1872 he 
presented a course on diseases of the 
chest and physical diagnosis, later ex- 
panding it to include diseases of the 
throat. Soon to be included were dem- 





Fig. 3. First Risk Medical College 
building, 1844. . 1, | . -— E 


onstrations on the use of the laryngo- ` 
scope, and by 1883 hé was named Pro- 
fessor of ‘Laryngology. 283 


In 1876, Dr. Mosés Gunn, a surgeon 
at Rush Medical College, commented on 


the futile operation of laryngectomy and... 


speculated that patients with cancef"of - 
the larynx would probably be better’ off 
wearing a tracheotomy tube for their, 
remaining days. : 


Standards for admission to medical 
schools were practically nonexistent and 
new institutions sprang up and disap- 
peared rapidly. Nathan Smith Davis, 
who founded the American Medical 
Association in 1847, joined the Rush 
Faculty as Professor of Medicine in 
1849. He was deeply interested in medi- 
cal education and engaged in a pro- 
longed controversy with Dr. Brainard 
regarding admission requirements and 
curriculum .changes. This culminated in 
Dr. Davis’ resignation from Rush. Sever- 
al members of the Rush faculty accom- 
panied Dr. Davis in the founding of a 





Fig. 2. Dr. Brainard’s office, 1844. 


Fig. 4. Rush building of 1855 (re- 
modeled from 1844). 
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^ D a. 
Fig. 5. Ruins. of R&sh, Medical College 
a result of the*great Chicago fire. ` 


v 


new: medical.school which was named 


the: Chicago Medical “College. After 


severak..transitory affiliations, the Chi- 


cago. Medical College eventually be- 


«i cathe the. Northwestern University Med- 
"ical:;Sehgol. Following Dr. Brainard's 


death, fróm Cholera in 1866, there was 
some'talk of reuniting the two medical 
schools but nothing came of the pro- 
posals. 


The great Chicago Fire on October 
8 and 9, 1871, resulted in complete de- 
struction of Rush Medical College (Fig. 
5). County Hospital and the Chicago 
Medical College offered the use of their 
facilities and the Rush trustees built a 
temporary building (the college under 
the sidewalk) near the site of the pro- 
posed new County Hospital (Fig. 6). 


The relationship between members of 
the Rush Faculty and County Hospital, 
however, was not a happy one. Follow- 
ing the completion of the new college 


: facility in 1875 (Fig. 7) several mem- 





Fig. 6. Temporary building, the “col- 
lege under the sidewalk," built by Rush 
Medical College trustees, 1872. 
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1875. 


bers of the Rush group, led by Dr. 
Joseph P. Ross, persuaded the Presby- 
terian church to organize a hospital as- 
„sociation and to build a hospital on land 
deeded for the purpose by Rush Medi- 
cal College. The Presbyterian Hospital 
was subsequently completed and 
opened in 1884. The affiliation between 
it and Rush has continued to the present 
time. The merger with St. Luke's Hos- 
pital in 1956 led to a new name, Pres- 
byterian-St. Luke’s, and with the reacti- 
vation of Rush Medical College in 1969, 
the whole complex assumed its current 
designation of Rush-Presbyterian-St. 
Luke’s Medical Center. 


Dr. Frank H. Davis was the son of 
Dr. Nathan S. Davis. He graduated with 
honors from the Chicago Medical Col- 
lege in 1871, and went to Vienna where 
he spent some months studying diseases 
of the air passages. He returned to Chi- 
cago to begin a general practice with 
particular emphasis upon respiratory 
diseases. 


In perusing the initial volume of the 
Transactions of the American Laryngo- 
logical Association, it becomes evident 
that Dr. Frank Davis was probably the 


“ originator of the idea for a national so- 


ciety. At the inaugural meeting, held in 
Buffalo, New York, on June 3, 1878, Dr. 
Davis was elected Chairman and de- 
scribed the object of the meeting as the 
formation of a national association of 
specialists in the department of throat 
diseases. Dr. George Lefferts, following 
Dr. Davis remarks, referred to Dr. 
Davis’ efforts in bringing the group to- 
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Fig. 8. E. Fletcher Ingals, 1848-1918. 


gether and suggested the name, "The 
National Laryngological Association.” 
Ten men responded to the roll call and 
an election was held, with Dr. Louis 
Elsberg of New York being named Pres- 
ident and Dr. Frank H. Davis, Vice- 
President. In the afternoon session, Dr. 
Elsberg gave an address of appreciation 
and referred twice to the ALA, a change 
in nomenclature which apparently took 
place informally over the noon hour. Dr. 
Elsberg's elation over the honor of his 
election was evidenced by this state- 
ment: "I would rather hold this office 
than the presidency of the American 
Medical Association. Indeed I would 
rather be President of the American 
Laryngological Association than hold the 
political office which I look upon as a 
higher position than that of any mon- 
arch or potentate on earth, namely the 
President of the United States."* 


Also at the afternoon session, the 
names of J. Solis-Cohen of Philadelphia 
and E. Fletcher Ingals of Chicago, 
among others, were added to the list of 
original Fellows. A vote of thanks was 
tendered Dr. F. H. Davis for calling 
together the Fellows and for his energy 
and perseverance in organizing the suc- 
cessful meeting. 


Dr. Davis did not attend the first sci- 


», ing, and his untimely death: 
phritis Gecurred in August 188% when 


T nator of the concept of a national so LAS 
oF* Jaryngologists, wis dps 
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entific desti of the Association a£ 
1879 but was nevertheless reelected Vice | 
President for the:coming year. Illness 
prevented his attending the 1880*meet- : 
iom. ne- 


he was but 32 years “old? Thus, iroMigal- 
ly, Dr. Frank FizDavis, the actual origi- 


death of tlie opportunity: ttendin 


* any scientific obs of : ithe: PH a 


ganization. ` de 

Dr. E. "Fletcher Tris deserves sp 
cial. mention in any history of oto es 
gology'in the Midwest (Fig. 8). He: Was 
named Professor of Laryngology: at: 
Rush in 1883. but also taught af other. 
medical schools in Chicago. His practice ^ ~ 
centered at Presbyterian Hospital, and ::*- 
among his colleagués were Drs Herrick: 
Billings, Senn, Bevan and Sippy, :all*of 
whom were also active at Rush Medical 
College. Dr. Ingals became President of. 
the ALA in 1887 at the age of 39. 


Dr. Ingals made many contributions 
to rhinology and laryngology.® In 1882 
he urged the use of tracheotomy in 
croup. Also in 1882 he devised a pro- 
cedure for partial submucous excision of 
the deviated nasal septum, a technique 
which formed the basic pattern for sub- 
sequent development of the submucous 
resection operation by Krieg, Freer and 
Killian. In 1886 he described a gal- 
vanocautery method of removing haz- 
ardous nasopharyngeal fibromas. Dr. 
Ingals operation for establishing intra- 
nasal drainage of frontal sinus suppura- 
tion was unique and prophetic in that he 

early laid stress upon the necessity of 
preserving the nasofrontal duct. 


ME 


Dr. Ingals’ inventive and mechanical 
skills were again manifest in the early 
days of bronchoscopy and esophago- 
scopy. He was among the first in the 
United States, and definitely the first in 
the West, to successfullv remove foreign 
bodies from the air and food passages. 
He is credited with proposing an inde- 
pendent light carrier for use in the 
bronchoscope. previous efforts having 
employed reflected light which was on- 
ly partially definitive through. a long 
tube. He added perforations in the sides 
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of bronchdscgpes to: permit air exchange 
when one bt@achus was obstructed by. 
a latge foreign*body; he conducted ex- 
periments or#the bronchi of animals and 
provided the-first description of respi- 
ratory movements of the bronchi ob- 
served ^ throw! 
human. subje ej 


These ‘acct 
ly represént ivé- of “Dr. Ingals’ contri- . 
butions:o- medicine. Me. acted as regis- 
trar óf-Rush Medical College from 1898 
until his death in 1918.7Together with 
Dr. Frank Billings and Piesident Wil- 
liam Rainey Harper, he was responsible 
for the affiliation of Rush Medical Col- 
lege with the University of Chicago and 
apparently regarded this as his outstand- 
ing. achievement since his oft-stated 
prineipal aim in life was the advance- 
ment.of medical education? Dr. Ingals’ 


& obituary by Dr. D. Bryson Delavan. 
“occupies ten pages of the 1918 Trans- 


actions of the American Laryngological .' 
Association. Dr. Delavan wrote: "It may 
be said that he entered upon the field 
of medicine when and in a region where 
laryngology as a specialty was unknown. 
Himself its first exponent in the great 
Northwest, he nurtured it with untiring 
care through years of steady and ever- 
expanding growth and, inspired instruc- 
tor and exemplar that he was, left it at 
the close of his own well-rounded ser- 
vice, firmly established and splendidly 
represented and equipped."!? 


Dr. Hosmer A. Johnson, another orig- 
inal member of the ALA, was a gradu- 
ate of Rush Medical College, Class of 
1852. He was associated with Dr. Na- 
than Davis, and departed with him 
when Dr. Davis founded what later be- 
came Northwestern University Medical 
School. Dr. Johnson assumed a very 
active role in medical politics and is 
eredited with having implemented the 
Anatomy Act. legislation which led to 
lezalization.of anatomical dissection in 
Illinois. He presented papers on con- 
genital tumors of the lafynx, cancer o 
the larynx, and paralysis of the larynx 
before the Association. He represented 
another example of an internist who sub- 
sequently developed an interest in la- 
ryngology. 
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The Chicago Climatological and Oto- 
logical Society (later to become the 
Chicago Laryngological and Otological 
Society) was founded in 1901 by Dr. 
Ingals. Also listed among the organizers 
were ten other current or subsequent 
members of the ALA."! 


William Evans Casselberry (1858- 
1916) came from a family of Philadel- 
phians, one:of his grandmothers having 
been a relative of. Benjamin Rush. A 
graduate of the University of Pennsyl- 
vania in 1879, he subsequently studied 
in Vienna, Berlin, and with Morrell 
MacKenzie. He chose Chicago to estab- 
lish himself as a specialist in diseases 
of the upper air passages. First ap- 
pointed as Professor of Materia Medi- 
ca and Therapeutics at Northwestern 
University Medical School, he later was 

‘s'desigriated Professor of Laryngology and 
,Rhinology. He practiced at St. Luke's 
“and Wesley Hospitals and was quite 
‘active in national societies. Dr. Cassel- 
: berry began to write a textbook of la- 
ryngology but was unable to finish it 
because of ill health. Elected to fellow- 
ship in the ALA in 1889, he was chosen 
President in 1898. Following his death 
in 1916, his will provided for the estab- 
lishment of the Casselberry Prize fund 
for paying the expenses of original in- 
vestigation and research “or a medal or 
prize” and not limited to the members 
of the Association. 


In the last three decades of the 20th 
century it was customary for certain 
specialists to be designated as “Oculist 
and Aurist,” “Professor of the Diseases 
of the Eye and Ear,” “Professor of 
Ophthalmology and Otology,” etc. 
Most, if not all of the earlv laryngolo- 
gists, however, were originally internists 
or professors of materia medica and 
therapeutics, so that the inclusion of 
nose and ‘throat disorders was a logical 
development. 


The subjects which received the most 
attention during the first 30 years of 
scientific sessions of the Association 
were laryngeal stenosis, nasopharyngeal 
angiofibromata, submucous resection, 
foreign bodies in the air and food pas- 
sages, laryngeal papilloma, sinus disease 
and its complications, applied anatomy 
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of the nasal accessory sinuses, the ade- 
noid and tonsil problem and laryngeal 
cancer. The development and emer- 
gence of new instruments was very 
much in evidence. Anyone reading the 
scientific papers, case histories and op- 
erative reports of the early laryngolo- 
gists in this area cannot but be im- 
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pressed with their’ dedicatio to teach- 


ing, their qualities of humanity, dexter- 


ity, mechanical praficiéncy and, -their 
imperturbability in - critical situations. 
The accomplishments of :these pioneers 
were undoubtedly résponsible. for the 
firm foundations of .thei,speciatty » of 


laryngology ir the} dést, i 
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EARYNGOLOGY IN THE FAR WEST 


ALDEN H. MILLER, MD 


- i y} z Los ANGELES, CALIFORNIA 


Little laryngology was prácticed or. 
"there was little description or treatment 


taught in the Far West before the in- 


trodugtion of the laryngeal mirror. New . 


York Had its Horace Green and its Gur- 


don BuekgBoston had its Ephraim Cut- 
ter and F¥éderick Knight; Philadelphia, 
its Jacob Solis-Cohen; and Chicago, its 
E. Fletcher Ingals. These men, even be- 
fore the advent ef the mirror, had be- 
come specialists by just limiting their 
practice. But in the Far West there were 
‘no physicians who limited their practice 
exclusively to laryngology until the time 


. of World War I. 


"Aj. 


Laryngology in the West was sparse 
yngo1og 


: for two reasons; first, the West in gen- 


eral lagged a few years behind the East; 
second, there was only a handful of doc- 
tors in the West until the start of the 
1849 California Gold Rush. Thereafter, 
laryngologists were mentioned in city 
directories and newspaper advertise- 
ments. In the earliest notices in San 
Francisco they were listed as eye, ear 
and clubfoot doctors and clinics. Ortho- 
pedists and general surgeons listed ear, 
nose and throat as part of their practice. 
The earliest teaching was done by lec- 
tures and demonstrations in outpatient 
clinics. In the West such teaching began 
in 1865. There was little recording of 
actual laryngeal diagnosis or treatment, 
but in 1848 it was mentioned that the 
larynx had been scarified for edema, 
just as reported in the East by Horace 
Green and Gurdon Buck. Dating as 
early as the 1820s, tracheotomy was the 
only laryngeal procedure described for 
occurrences of diphtheria in mountain 
men, western traders and trappers. 


As on the, East Coast duringifhe first 
decades of the 19th®ctntanry, ngol- 


ogy in the Far West; ‘at first, was that 


branch of medical science*Which -on a 
limited basis encompassed the “study 
and treatment of diseases of the throat. 


The diseases were treated by the general 
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practitioner or the general surgeon but 


of the area below the pharynx. Only 
diseases of the tonsils, diphtheria, croup 
and quinsy were considered apt sub- 
jects for treatment. Tonsillectomy and 
tracheotomy were the only surgical pro- 
cedures employed. 


The faculties of the first schools of 
medicine in the Far West provided the 
first competent teaching. Departments 
of ear, nose and throat or eye, ear, nose 
and throat were listed in all these 
schools. The chairman or lecturer was 
usually a general surgeon rather than 
an internist. Teaching consisted of a 
series of lectures for the students and 
some exposure to patients in outpatient 
clinics. More sophisticated lecture series 
and more extensive observation of out- 
patients were offered to practicing phy-. 
sicians as postgraduate courses. In 1858 . 
the first medical department of a uni- 
versity was founded at the University of 
the Pacific in San Francisco. Dr. Hugh 
H. Toland, in 1864, founded a rival 
school, the Toland Medical College. 
Both taught ear, nose and throat by 
lecture and demonstration. They opened 
and closed with new and different 
faculties. These private schools had been 
run for profit and their founding facul- 
ties were reluctant to turn them over to 
a state university. In 1893 the Toland 
Medical College began its intermittent 
associationswith the University of Cali- 
fornia School of Medicine at Berkeley. 
The- Elias Cooper Medical School did 
not unite with Leland Stanford Univer- 
sity until 1908. San Francisco was the 
only far western area included in a 
national listing of graduate schools de- 
veloped in the United States between 
1884 and 1894. 


Henry Lewis Wagner of San Francis- 
co had studied laryngology with Pro- 
fessor Seifert in Würzburg and Profes- 
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sor Bernhard Fraenkel in Berlin. In 1892 
he was given the Chair of Rhino-Laryn- 
gology at the San Francisco Polyclinic, 
in the postgraduate medical department 


of the University of California; by 1896. 


he was President of this postgraduate 
department. He invented. a laryngeal 


forceps, contributed to the writings on . 
diphtheria of the upper air passages and: 
on tumors of the nosé and epipharynx, ` 


and published a paper on traumatic dis- 
location of the arytenoid cartilage. 


The oldest far western private medi- 
cal school in continuous operation, the 
University of Southern | California, 
opened its doors in 1885 with Andrew 
F. Darling as the first head of eye, ear, 
nose and throat diseases. The teaching 
consisted of lectures and a preceptor- 
ship in outpatient clinics. Two years 
later another laryngologist, William Bab- 
cock, joined the faculty as its otolaryn- 
gologist. He brought with him the first 
O'Dwyer intubation set seen in the 
West. In its first demonstration in a 
child with diphtheria the patient 
coughed up the tube after an hour. Dr. 
Babcock was able to replace it easily, 
and the child tolerated it until it was 
safe to be removed. Thus laryngeal in- 
tubation got off to a successful start in 
Southern California. 


In 1909, postgraduate courses at the 
old North Broadway Clinic in Los 
Angeles included evening dissection 
sessions. The first residency in otolaryn- 
gology in the Far West began in 1920 
at the Los Angeles County General Hos- 
pital. Residents appointed before this 
time were physicians who had com- 
pleted their internship and were hired 
for service only. The new residents were 
there to learn the specialty. 


The oldest state school of fedicine: in 
continuous operation in the West is the 
University of Colorado, founded in 1881. 
Willamette University in Oregon had its 
first department of medicine in 1866. 
The Oregon Medical College was 
founded in Portland in 1877. The Uni- 
versity of Oregon Medical School was 
organized in 1887, and the Oregon Med- 
ical College merged with it in 1913. 


Although the University of Washing- 
ton School of Medicine was not founded 
in Seattle until 1946, laryngology had 
an early beginning there in 1888. Medi- 


"Whitman, the fif Es O 996 sur gay 
"west. of the Rockies, sema in Walla. ` 
Walla, Washington, in 1837, and prac- 


„ceded: by 
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ticed medicine: among the Indians, set- 
tlers, and trappers until his tragic màs 
sacre ll. 2595: later.. 
the.: “Scottish- trained docto 
;oughlin, the chief ‘doctor, ot 
p d 
At the time.the or ganizing committee 
for the American Laryng alo FASSO- 
ciation met in Buffalo in 18 "Poth the 
practice and teaching of otolaryngology 
in the: Far West had advanced. At the 
first-annual meeting if was stated that 
there were only 25- teachers of laryn- 
gology in all United States medical 
schools and only 2 were full-time. One 
of the 25 was an instructor at the Uni- 


John” 






versity of California and another was a se" 
clinical lecturer at the College of thë™ 


Pacific. Hill Hastings began practice in’. 
Los Angeles in 1904 and in 1907 became 
Professor of Otolaryngology at the Uni- 
versity of Southern California, a position 
he held until 1912. He was instrumental 
in introducing and perfecting the use of 
radiologic examination in the field of 
otolaryngology and made the first ad- 
vances in direct laryngoscopy in Los 


Angeles. Later he stated that tonsillec- 


tomy and submucous resection of the 
nasal septum were procedures just be- 
ing developed on the Pacific Coast dur- 
ing his first years of practicé. 

At the end of World War I, a new 
era in laryngology began in Los Angeles 
with the retum of Simon Jesberg from 
service in the army. He was the first 
local laryngologist to do his own radical 
neck dissections for metastatic carci- 
noma of the larvnx, and he performed 
probably 90% of all foreign body re- 
movals from the tracheobronchial tree 
and esophagus in all of Southern Cali- 
fornia. He pioneered radical external 
fronta us surgery. He modified the 
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T bma er light bulb and 
light; ca is modifications greatly 
incre the usable inside diameter of 
the scopes. These small bronchoscopes, 
and his peanut and straight-grasping 
forceps made for them, are universally 
used. He invented the Jesberg esopha- 
goscopes with their Haslinger-type tip. 
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“the e mouth gag universally used in ton- 

pctomy. *He also performed the first 
external” ne i ethmosphenoidectomy 
oper bé done under, local anes- 
thesia: T Bem a septal. mucoperi- 
osteal flap. to prevent closing, up of the 
nasofrontal duct in frontal sinus: aug ery 
in 1928: i 


Teaching d laryngology in the "Far 
West took a major step forward with 
thë- formation of the Los Angeles Re- 
search. Study Club in 1932. For several 
years a group of otolaryngologists had 


* imported leaders in the specialty from 
this country and abroad to give courses 


in Los Angeles. A formal, annual, one- 
week long meeting was then set up. 
Lecturers were brought from all over 
the United States and Europe for lec- 
tures, anatomical dissections, and surgi- 
cal demonstrations. As a result, outstand- 
ing laryngologists from England, France, 
Switzerland, Italy, Germany, and Scan- 
dinavia joined with teachers from the 
Eastern and Midwestern United States 
in bringing the newest and best in laryn- 
gology to the Far West. 


In 1930 John MacKenzie Brown be- 
came Professor and Head of the Depart- 
ment of Otolaryngology at -the School 
of Medicine, University of Southem 
California. Dr. Brown became interested 
in otolaryngology early in his career; the 
residency training program and post- 
graduate education in laryngology at 
U.S.C. and Children's Hospital were his 
special interests and received their 
greatest early stimulus from him. His 


contributions included early trephine in: 


acute frontal sinusitis, conservative sur- 
gery in chronic frontal sinusitiSywork in 
branchial-cl lottitis, 
and intracranial c ications of ENT 
disease. But to the you olaryngolo- 
gists in Southern California, he-was out- 
standing as a teacher, educator, and 
kindly adviser who guided, launched, 
and helped them in the specialty of 
otolaryngology; for many of his later 


REPRINTS 








in local anes 


en and sphe- . 


ALDEN H. MILLER 


‘years he was known as the “Dean of 


Otolaryngologists” on the West Coast. 
- Allison "T. Wanamaker of Seattle 
earned distinction, as the top laryngolo- 
gist in the. Nérthwest. He encouraged 
Brian T. Kip ofthe same city in the 
lattér's ‘reat pioriéer work in the cor- 
rection of. bilateral abductor vocal cord 
paralysis by ai arytenoidopexy. Robert 
C. Martin received international recog- 
nition for his pioneer work in facial 
nerve surgery. Rea E. Ashley was great- 
ly interested in nasal allergy. 


Lewis F. Morrison is best known for 
his work in the fields of laryngology 
dealing with recurrent laryngeal nerve 
paralysis, carcinoma of the larynx, and 
anatomy of the recurrent laryngeal 
nerves. He originated the reverse King 
operation, pioneered in the use of cobalt 
in otolaryngology in the Far West, and 
in the application of Papanicolau smear 
technique for malignancies of the naso- 
pharynx. His arytenoidopexy is used 
widely in the Pacific Coast ‘area. 

Joel J. Pressman worked actively for 
many years in the development of a 
new medical school at the University of 
California, Los Angeles, which opened 
in 1950; he then became active in or- 
ganizing and developing the new Divi- 
sion of Head and Neck Surgery in the 
new Department of Surgery at that 
school. In 1935 Pressman pioneered in 
high speed movies of the motions of the 
vocal cords during speech. Later ultra- 
speed movies were made into teaching 
films. During the 1950s and-early 1960s 
he developed techniques: for conserva- 
tion surgery for carcinoma of the larynx 
and attempted extensive repair in order 
to preserve the function of speech. 
These were some of the earliest laryn- 
goplasties. His next research was the in- 
vestigation of the spread of carcinoma 
of the larynx into the lyinphatic chan- 
nels of the neck. ; 

For a variety of reasons, ‘the: ‘develop- 
ment of laryngology in the Far. West 
lagged behind the East -for many: years. 
It slowly developed during ‘the last three 
decades of the 19th century, but: began 
to catch up rapidly during the next 25 
im For the past 50 years the specialty 

has been taught and practiced on the 
Pacific Coast at the same level as the 
remainder of the nation. 


Alden H. Miller, MD, 1407 N. Vermont, Los Angeles, CA 90027, 
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Manag ment of: Ti "Carcinoma of thé Anterior Tongue. Jonas T. Johnson, MD, Bruce Leipzig 
MD; Charles: W;:Cummings, MD 


Radical Neck Dissection: Influence of Local Factors, Including Skin Flap Design, on Postop 
erative Wound Breakdown. Roger McNeill, MD 


Skin Grafts in Oral Cavity Reconstruction. Victor L. Schramm, Jr., MD, Eugene N. Myers, M 


Microvascular Free Dermis-Fat Flaps for Reconstruction Following Ablative Head and Nec 
Surgery. Daniel C. Baker, MD, William W. Shaw, MD, John Conley, MD 


The Pectoralis Myocutaneous Flap in Head and Neck Surgery. Hugh F. Biller, MD, Se- 
Baek, MD, Joseph Krespi, MD, William Lawson, MD, Stanley M. Blaugrund, MD 


Free Compound Groin Flap Reconstruction of the Anterior Mandibular Defect. Willia 
Panje, MD e: 


Bi-Pedicle Chest Flap Reconstruction After Laryngectomy and Anterior Skin Resection in 
IV Carcinoma of the Larynx. Gerald B. Healy, MD, Stanley M. Shapshay, MD, 
DiTroia, MD, Alptekin Ucmakli, MD, M. Stuart Strong, MD, John R. Bogdasarian, 


Replacement of Tumor. Involved: Mandible by a Cryosurgically Devitalized Autograft: H 
Experience. Charles W. Cummings, MD 


Panel — Grafts and Flaps for Reconstruction in Head and Neck Surgery. John J. Conle 
Chairman, 


Regional Flaps. M. Eugene Tardy, MD 


Free andl’ Microvascular Grafts (Autografts, Homografts, Heterografts ). 
Krause, MD " * 


j Island Pedicle: Grafts. Fred Stuckét, MD ^ 
Gomposite Grafts . (Including Myocutaneous ):.Ceorge A. Sisson, MD 
“Hone Grafts. Robert W. Cantrell, MD 2 
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IOWA HEAD AND NECK CANCER COURSE 
UNIVERSITY OF IOWA 


Dept. of Otolaryngology and Maxillofacial Surgery 


$ 


v 


M 


June 11-15, 1979 


- Comprehensive course in Head and Neck Cancer and Reconstructive Surgery 
will be directed toward updating the practicing head and neck sur geon involved 
in the syrgical treatment of head and neck cancer. 


Cadayer dissections will be done by each participant in order to give ‘a hands 

xperience in surgical approaches to the sinus cavities, conservation ‘laryngec- 

a parotidectomy and functional neck dissection. Special emphasis will be 
-øf reconstructive methods pertinent to ablative cancer operations. 


"aw ILLIAM W. MONTGOMERY, MD — Special guest speaker. 


Course is approved for AMA Category 1 credit.. 






Enrollment is limited. 
FEE: $500 








atat: William R. Panje, MD, Director, Division of Head and Neck Surgical 
Department of Otolaryngology and Maxillofacial Surgery, University of 































itáls, Iowa City, IA 52: 


THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF 
MEDICINE of the MOUNT SINAI 

SCHOOL OF MEDICINE (CUNY) 

Announce a Postgraduate Course 

TEMPORAL BONE SURGERY 

Under the Direction of 

Simon C, Parisier, MD 

Joel Shugar, MD 
With Guest Lecturer: 

y, MD, Pittsburgh, Pennsylvania 

‘pril 30 - May 4, 1979 
rough Thursday, 9 AM - 6 PM 
AM - 12 Noon ( 

te ive five day laboratory course is de- 

Piamiliarize otolaryngologists with the 

irgical approaches and technics cur- 

use in the management of diseases of 
oral bone. Fresh cadaver material and 

E microscopes will be available. 

FEE: $600 À 
will be given at the Mount Sinai 
iter, New York City, New. York: 


5 Sessions) 


Director, 
R Post-Graduate School + of “Medicine, 
Ount Sinai School of Medicine,’One Gustave 
s. Levy Place, New York, NY 10029. Tel. 
V2.2) 650- 6731. 


The Page 


Sand, Will M. 


242. Tel. (319) 356-2166. : 


1 THE ANNUAL COURSE 
"PARTMENT OF OTOLARYNGOLOGY : HEAD. AND NECK ONCOLOGY 
and a A4 UNIVERSITY OF “MICHIGAN 


Dept. of Otorhinolaryngology 
May 14-18, 1979 


Designed to provide the surgeon with a sys- 
tematic approach to the treatment of head and 
neck cancer. Broad range of topics will be cov- 
ered in didactic presentations and cadaver dis- 
section. Included will be: tumor immunology 
and virology, clinical and radiographic diag- 
nostic techniques, principles of radiation ther- 
apy, dental evaluation and prosthetic manage- 
at e special emphasis on principles and 


techniques of surgical treatment with immedi- 
éte rêconstruction. 
ax 


Enrollment Limited 


Tuition including anatomic dissection material: 
$500% sicians in prac&icé; $350 -Yesidents. 
sl uition for those not participating in Cadaver 
dissections; 3400 - physicians in practicar $250 
- residents,» od 


For those not wishing to adios c aday ex dis- 
Sections, detailed video demonstrations “of each 
surgical. procedure will be presented. 


Course approved for 42 units of continuing 
education credit through Dept. of Continuing 
Medical Education, University of Michigan. 
For further information: Floyd Pennington, 
PhD, Towsley Center for Continuing. Medical 
Education, Univ. of Michigan Medical Center, 
Ann Arbor, MI 48109. 


xiv 


l RESEARCH FUNDS ~; 
xvi ANNUAL b3 A 3 
E. A. R. FOUNDATION. i: a, 












ELECTRONYSTAGMOGRAPHY 









BOURSE 


a 1979 







i Majsori Dupuy Hotel 







Workshop in Mcd. 
clinical applications of 


ELECTROCOCHLEOGRAPHY ar. 
i BRAINSTEM AUDIOMETRY ; 
Univesity of Pittsburgh $ Sponsored by E 
- School of Medicine: The Methodist Hospital and the Instit- ` 
Otorhinolaryngology and Communicatiy . t 3 
orders, and Neurology, The Neuroser "E 
Course Director: Sylvan E. Stool;MD . Center of Houston, -> .- | 
maa ' May 5-7, 1979 f° T 
Course will involve ‘one day of didactic pres- ^ Three-day course is designed to fam" 


yof laborator ses- physician and audiologist with cli: 


entation and a second. day? Ya ^ udi 
sion, Parti t cations of the 'early auditory ev 
rticipants will be instructed in tbe use tials, Backgroun d information on’ 


of the Storz-Hopkins Jens, flexible endoge and “late” potentials and on ce.  - 
suspension laryngoscopy and microsul'gery. tials is also included. Course reli 
The laboratory . ggssion will include spleti tutorials and workshops to fami. 
pant with instrument operation, 16%. 
. surement and interpretation of tese - 
v” Coürse syllabus will be distributed te 
"rticipant prior to enrollment. Each | 
*may:also avail himself of an optioná, 
wation examination which will be $ 
*eritiqued by the instructors. s 
Coürse Instructors: Alfred C. C^ Cam 
ES James F. Jerger, PhD, ana? £ f 
a SI T TUITION: $325.00. Enrollment limite 
i "Edicion, “University of: if CAdürswhgüires to: Alfred C. Coats, uap 
 Medicine,. 1022. Scaife "Hall, Piu ‘PA "Co hlear Function Laboratory, The Neurosen- : 
sl E sory?CQenter of Tian. 6516 Bertner Av ae 
, Houston, m 7703 ; M. 7C 
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: 64th ‘Anni E Course 
em Be og 215 ANATOMY AND HISTOPATHOLOGY | 
ee .* ofthe -, .* 

pa ae HEAD AND NECK AND TEMPORAL BONE: 

LM `. July 9-20, 1979 ^ >, 

2c RN - INDIANA UNIVERSITY SCHOOL OF M 
: “| Indianapolis, Indiana oa 






















1 dest, most intensive lecture and laboratory course in anatomy and: histopat logy^o. 
atid nec d temporal bone in ‘the United States. Cliniciaiis, anatomists"and-patholo 
i gürous twelve hour daily 










rrelated histopathology lectüü : 
pore pathology cases. Anatomy; adn and. sie anatori 

boron format and: i d.:to* present; "day clinici 
-done by each partic the " 
átory facility. 


Hent preparation for b 
acticdl review of curren 
training, 
























.Q ies and i is 
océdures:an practices, for board certified’ 








Pi sor abd Chiat, Depart- 
eee 1100: “West, pu 








Departinent of Contin uing Me . 
announce course > =. ALES 
4 -MICROSURGERY OF THE LARYNX AND VOICE CON SERVATION 


M ven zs May 10-12, 1979 s 
c Ha BOSTON UNIVERSITY MEDICAL CENTER 


Si 5 free bee course is designed ‘for laryngologists, speech pathologists and 
~-yuite~screntists, and will address itself to voice physiology, voice pathology and. 
organic disease of the larynx, Program will include ‘papers, panel discussions and 
TV tape Hetaoustibone of operating: room procedures; “including the use of the 

^0, laser. 0T. 





Faculty will include meubs. of ihe. ‘Dovartiient, and invited Jaryngologists 
' and voice scientists: Drs. David. Brewer, RáymondsCólton, Lawre DeSanto, © 
W. James Gould and Mr. Orin’ Brown and B Metlosky. RO nt 


£st. Course is accredited by the,AMA Phy 1 
ud l 20 hours in Cå gory I 











Chedule of presentations in NT "basi l 















Second International Symposium 
DECENT ADVANCES IN OTITIS MEDIA WITH EFFUSION 
TOPICS: 


Definition 
Classification 


Sailing Ge aes, and important new concepts on Epidemiolo 
titis media with effusion, serous (secretory) otitis Natural histor 


| media E t Etiology 
Pal lipgenesis 









- si baKiens: Approximately. 70 outstanding . eee and panelists 
: from the U.S. and abroad n esenting 12 countries. 






SPONSO 9S8 Continuing Medical Edübstion. 







HOST: Dept. of Ötolarr aade OSU G 


J ge ‘of Medicine. 
William H. Saunders: MD; Chan 





PROGRAM COMMITTEE: Charles D. Bluestone, MD 
eer a David J: Lim " 








Audiologists — $150 
Residents & Military — $100 


CME: 22.5 credit hours in Category | 
^ Speakers: 


LaVonne Bergstrom, M.D. Robert J. Gorlin, D.D. 5., va 
Charles D. Bluestone, M.D. ` Robert W. Keith, ;Ph. D 
Bernard H. Colman, M.D::: Richard R. Kretschmer, EC. 
Marion P. Downs, M.A. Thomas H. Maren, M.D. 
_ J. Scott Dunbar, M.D. Jon K. Shallop, Ph.D. 
Michael E. Glasscock, III, M.D. George E. Shambaugh, Jr., M.D... 
Theodore J. Glattke, Ph.D. set, Gordon D.L. Smyth, M.D.’ 


The Symposium will concentrate on the: medttat'and. surgical evaluation and rehabilitation of these . . 
children in addition. to “thé audiological aspects of detection, evaluation and 

rehabilitation.“ d 

5$. The Symposiüm will be divided into didactic lectures combined with workshops 

which active participation: by the faculty and participants will be encouraged. 


ional Information Contact: 
ilan B. Seid, M°D., 
Hospital Medical Center, 

~ Elland: & Bethesda Avenues., 
Cincinnati; "Ohio;45 513/559- -4355 









































AHINOPLASTY: AND OTOPLASTY "n 
fonsored with The: American Academy of" 
Histic and Reconstructive’ Surgery, : Inc). 
. “Under the Direction. of — UU 
.' Sidney S. Feuerstein, MD ` 
; Course. Diret iR 






Cadaver: for: :surgetycwi be 
gu aftér. corresponden 
Page and William ; “Bla 
Medicine. 
















i ( Co-sponsored with "The: American Acxdoly 
E, and their relation to every other : : Facial Plastic and Reconstructive Surgery," ‘In 


; P 

"aial emphasis on the nasal tip and nostrils, Under the Direction of * 

E en of accompanying chin deform- William Lawson, MD;: DDS 
f grafts for restoration of contour, plastic Course Director . 
Mciildren and psychiatric aspects "will be. 

‘agement of nasal deformities assoc::: X, Jacob S. Aronoff, MD 
Kt. palate and cleft lip PE be pre? LS Sidney S. Feuerstein, MD 


"neluding thorough discus 





















: ! 2. í à à and Guest Faculty. 
que. and latest concepts developed in 
E y* Will be discussed and taught including June 18-19, 1979 
2 prevoktion and correction of Rhinoplasty se- ~ Monday and Tuesday 
ae. The importance of surgical judgment, prop- $29: 00 AM - 6:00 PM (2 Sessions) 


association of the aesthetic and physiological 


fis ‘ments and methods of improvisation will be ` “This course will cover the facelift procedure 


will include lectures on case selection, regional 
. atomy, operative -technique, complications and 
ion Otoplasty will deal with. etiglogy, sults, Attention will also be given to,ancillary | 
";d surgery of deformities of thewfuricle cedures for the aging face. .Cadayer: “dissection 
z surgical demonstrations. yill iu B 
















errors in shape, size and ppsition. 


E Fee: $600 5... ^ 











t. dn + organization accredited for continuing - medical. édi 
ies - tie School of Medicine of the Mount Sinai School,,of M 

T ` idical education offerings, meet the criteria: fót, Categ (s 
Uv oCIeriean Medical Association, provided they are used 





Le iduate sd of. Médicihe; “Mount Sinai Sa 
+ (2127 650-6737. ) 












" TN Ond; MeGee MD’ ——. 018 Mansfield 


F. HARVARD MEDICAL. SCHOOL » 
i32 d "Department. : of Continuing Edücation E 
á tihces cóurse 


ked response ‘audiomett¥. and ‘ossicul saat $ LE . 
SS linia Path “il Conferences willbe hel 1 consist: of the pi ésentatión" 
iof liresting ands ging: ic patients 4 atthe: Massachusé j d E 
.] Infirmary, ‘There Will be Jectüres on mi mage lent of th 


Werner D. Chasfa, MD: 
-&x- Bernard Colman, FRCS ^ t 
W Richard R; Gacek, MD _ A Merbert.Silveistein; 
,Keatslin | Lee, MD ` iq,’ BY Blair Simmons; MD" 
F i F, W. Smith, MD. 


M Stuart ‘Strong, MD 
William R. Wilson, MD. 
- John L. W. Wight, FR 











Indianapolis re 


This two day esas will eughla ize the basic principles and cnc in 
soft tissue surgery and their use in clinit&lzsituations. Didactic lectures and prob- 
lem case solving sessions^will be presented by a multidisciplined faculty. 


"Laboratory periods ill be condücted for practicing suture techniques, scar 
camouflage and local skin flaps. 


Dr.. EEO T ardy; vill be a member of the guest faculty. 
7. Enrollment will be limited 


Fee: $75.00 residents 
$150.00 practicing physicia 


















foil us 
For further informata dud tpplicatios 
Associate Professor; Chief: ead" ‘and. N 
rhinolaryngology, Indiana: niversity ` Sel 
Street, d pee IN vi 
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rge TE. Drümhelle 









| uS AE 
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Bruce R. Marchal 


uurgical' ‘imanagenient of na 
rinities: will: be highlig! 
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UNIVERSITY OF BIRMINGHAM (U.K.) - 
Master: Sir Geoffrey Bateman, MA, FRCS EN. : 


ÉRE 
Dv. 








Distinguished international ERO will assess modern develop 
formal iectumes and panel discussipns which icto:  septorhiagplasty 4 


d 


Daily instructional séssions i sinaill $ seminar groups, again led by internatio- 
contributors mae wide ` ranging discussion à on eyery i au of otoleryngolar 





Jeffrey: Kessler, MD, 
Kenneth Mattucci, MD 


wily 19199  .: i 
New York Eye and Ear Infirmary 
LECTURER: JACK’ ‘PULEC, MD 
Complications Arising During Otologic Surgery: 


Management of: Otologic Surgery “Tragedies”. 
Temporal Bone Disséction Demonstration and Simülation 











, AMA- CME Credits Category 1:3. - 







T nical: Conference: $150. 00 (Luncheons and dinner inated) — 


: Residents: $50.00. Hitindhegns and dinner included) 
e Memorial Spin una ce fee. 


i 





Doer S ui 


Have you seeñ the first issue of. the important new joumal: 


De. with baste auon” 
mo theoretical papers will also be 


» insbury*Màr ans 
Pure tone thresholds for the: esus E 
monkey ` "E 

cM, Engström and B. Engström rs 


Structure of the hairs on cochlear i 
„Sensory ¢ cells f 


Electrical resistance of the co 
partition 


D. Robertson and B.M. me : 
Efferent transmitter substance in n. ; LM. Aitkin and J. Boyd 

mammalian cochlear: single neuron” ; Acoustic input to the lateral pontine 
support for acetylcholine nuclei 


1978 1 volume i in 4 issues. 
_ Subscription Price: US $ 58.75/Dfl. 135.00 meldið postage. 


For further information and/or a free specimen copy or write to the Promotion 
l- Manager mentioning this advertisement, . 
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.STAPEDECTOMY : 
POSTMORTEM FINDINGS 


Hanor» F. ScrukxEecur, MD 


DIANE DELEO JONES 


Boston, MASSACHUSETTS 


Histological studies were made of 16 temporal bones of 13 subjects who had stapedectomy 


operations. Photographs of the prostheses in situ are a special feature of the studies. It was ^ 


found that prostheses which overlap the margins of the oval window cause incomplete closure 
of the air-bone gaps. Fibrous adhesions were a common consequence of trauma to the mucous 
membrane of the middle ear. Gelfoam® implantation promotes the formation of thin oval win- 
dow membranes which tend to bulge out'of the oval window. Most incudes show small areas 
of cortical bone resorption.*In at least half the cases the surgical technique of stapedectomy, as 
judged from these studies, was less thati ideal. Surgeons who perform stapedectomy should 


cognizant of the relevant surgical pathology and adopt methods which will optimize functional. . i 


results and minimize complications. 


Clinical experience with the- stape- 
dectomy operation for hearing loss 
caused by otosclerosis now spans more 
than two decades. With an incidence of 
clinical otosclerosis in the Caucasian 
population of 9 per 100,000, it is not 
surprising that hundreds of thousands 
of these operations have been performed 
throughout the world and that many 
surgeons individually have performed 
several thousands of them. 


It is quite natural that different phi- 
losophies and techniques would evolve 
concerning the surgical approach and 
that, as with most surgical procedures, 

` the degree of individual success woul 
be directly related to surgical experi- 
ence, 


The findings at the time of revision 
procedures have revealed many causes 
for failure of stapedectomy to improve 
hearing (e.g., strut dislodged from incus, 
resorption of long process of incus, 
unrecognized malleus fixation, etc). Re- 
vision operations have also uncovered 
mechanisms by which stapedectomy 
causes sensorineural hearing loss (e.g., 
eph fistula, reparative granuloma, 
etc). 


"Another method of acquiring knowl- 
edge: concerning the technical factors 
and host response to stapedectomy is by 


postmortem studies. Many such studies `. 


have been performed and have revealed 
a number of adverse pathological con- 


ditions, such as osteitis of the long pro-.. ` 


cess of the incus, fibrous, adhesioris::i 
the middle ear and rupture of. the: sac- 
cule. This method of study "has^slso 
given some information on technical 
reasons for failure to improve hearing. 
Ears with plastic prostheses (polvfluor- 
oethylene (PE), Teflon®, Silastic®) ean: 
be prepared histologically with the pros-. 
theses in situ; however, metallic b 
theses must be removed before sec a 
ing can be performed. 


A special feature of the present post- 
mortem studies is the use of photo- 
graphic records of the prostheses in situ. 
We are therefore able to make a more 
meaningful interpretation of the patho- 
logical findings as they relate to the 
prostheses and to the audiometric data. 


MATERIAL 

We acquired 16 temporal bones from 
13 subjects in which stapedectomies had 
been performed for the alleviation of 
deafness caused by otosclerosis.* All 
specimens were prepared by the stan- 
dard method of fixation, decalcification, 
embedding in celloidin, serial sectioning 
at 20,1, staining with H&E, and mount- 


ing on glass slides. In each case Ay! 


*Five of the 16 ears were received from the Temporal Bone Banks Center. 


Supported by a grant from the Research Fund of the American Otological Society, Thé — 
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SCHUKNECHT-JONES : 


TABLE 1.:HISTORICAL DATA. 

















Age Postop | 
i e at Stape- Age at Survival 
Case Subject Sex dectomy Death 7 (gr): Cause of Death 
1 CW-R . F 45 58 AN Unknown 
2, MSas 55 F 61 72 1f o MI 
3 MP / F 52 61 9 CA, ovary 
4 IH : m F 53 61 8 Meningioma 
5 , AZ : F 59 61 9 i "CA, tongue 
8: 4. | [Reger d M 4T 58 11 . Chondrosarcoma 
T MSh F 78 83 5 MI 
a NO'C: M . 66 70 4 MI 
Qe ALP ME M 60 62 2 MI 
10: 5,5 MQ | F 75 75 A MI 
11 FH-R M | 66 81 15 Cardiac arrest 
12 BP-L | F 40 50 10 CA, breast 
13 FH-L M 68 81 13 Cardiac. arrest 
14 BR F 43 50 7 CA, pharynx 
15 BP-R F 46 50 4 CA, breast 
16 CW-L : ; F 54 58 2 Unknown 


MI - Myocardial infarction; CA - Carcinoma. 


photograph was made of the celloidin 









embedded; specimen when sectioning 
had proceeded to the level at which the 
prosthesis*eould be visualized in situ. 


The 14. prostheses which contained 


metal were then removed from the spe- 
cimens so that sectioning could proceed. 
The two PE tube prostheses were left 
in situ. 


The ages of the subjects at the time 
of stapedectomy ranged from 40 to 78 
for an average of 57. The skewing to- 
ward older age for this population is 
due, of course, to the fact that stape- 
dectomy surgery has been performed 


for only about 20 years and that the. 


death rate is lower in younger subjects 
(Table 1). 


The postoperative survival times 
ranged from four months to 15 years, 
for an average of 7 years. ( Average life 
expectancy in the United States at age 
57 for healthy individuals is 18.2 years 
for males and 20.4 for females). Two 
subjects over 70 vears of age survived 
four months and five years respectively. 
Three subjects over the age of 60 sur- 
vived for 4 years, 13 years and 15 years 
respectively. Nine were female and four 
were male. The causes of death were 
myocardial infarction in five, malignancy 
in five, meningioma in one, and cardiac 


~ farrest. in one case. The cause of death 
*"wasundetermined in one case. ; 






The 16 stapedectomies were per- 
formed by 13 different surgeons. Seven 
of the operations were performed by 
six different surgeons at the Massachu- 
setts Eye and Ear Infirmary and the 
other nine were performed by seven 
different surgeons in other cities in the 
United States. The author (HFS) op- 
erated cases 3 and 9. Fat-wire and gel- 
wire prostheses were each used in five 
ears. All of the remaining six were dif- 
ferent and consisted of PE tube and 
Gelfoam®, PE tube and vein, tef-wire 
piston and Gelfoam?, Robinson steel 
piston and areolar tissue, steel wire pros- 
thesis and vein and a Shea malleus- 
attachment Teflon? prosthesis (Table 


Z): 


CASE HISTORIES 


The clinical histories and descriptions 
àre presented in the following order: fat- 
wire, gel-wire, PE tube, and others. The 
order within each group is by decreasing 
length of survival time after surgery. 
The audiograms show the bone and air 
conduction thresholds prior to surgery 
and the last available air conduction 
audiogram after surgery. No postopera- 
tive audiogram is available for subject 5. 


CASE 1 (RIGHT EAR) 


CW, a female whose occupation was 
unknown, died at the age of 58 of un- 
known cause (same subject as case 16). 


` Otologic History. At the age of 45 


STAPEDECTOMY 











TABLE 2. SURGICAL DATA: 


Case Subject Type of. Prosthesis 

1 CW-R - Fat wire 

2 MSa Fat wire 

3 MP Fat wire 

4 IH p Fat wire 

5 AZ Fat wire 

6 JP Gel-wire 

7 MSh ^ Gel-wire 

8 WOC: Gel-wire 

9 LP Gel-wire 

10 MQ Gel-wire 

ll FH-R PE & vein 

12 BP-L PE & Gelfoam® 

13 FH-L Wire & vein 

14 BR Teflon® piston 
(malleus ) 

15 BP-R Tef-wire 
piston & Gelfoam® 

16 CW-L Steel piston & 


areolar tissue 


the patient stated that she had a hearing 
loss for many years. Otoscopy revealed 
normal tympanic membranes and nega- 
tive Rinne tests bilaterally, Audiometric 
studies showed bone conduction thresh- 
olds in the 15 to 30 dB range and super- 
imposed air-bone gaps of 30 to 40 dB. 
She was admitted to the hospital and a 
tight stapedectomy was performed. The 
footplate of the stapes was found to be 
moderately thickened and fixed at its 
anterior margin. After total removal of 
the stapes, a 4.5 mm fat-wire prosthesis 
was prepared and implanted. Postopera- 
tive audiograms revealed a complete 
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Final Audiogram. 


Condition | . Air-Bone:  Postop: 
of Prosthesis. Gap (dB) Time .,... 
At edge of oval 17 10 yr 

window A , 
Satisfactory 6 l mo 
Satisfactory 0 6 wk 
Satisfactory 0 l yr 
Loose, long, 

malformed 
Loose on incus Ir. 

Slightly long D. 
: Satisfactory ‘10 
: Satisfactory 0 
Satisfactory 8 
Satisfactory 0 
At edge of oval 15 

window 
Satisfactory 0 3 
Subluxed from: 48. . 





malleus, long 
Satisfactory 





Slightly long 








closure of the air pone ui; 
several audiograms over the subsequent 
ten years showed a gradual recurrence 
of a 15 to 20 dB air-boné gap (Fig. 1). 


Histopathology (Right Ear). The cel- 
loidin block shows a wire’ prosthesis 
firmly attached to the incus and extend- 
ing to the posterior edge of the oval 
window where it lies directly against 
the bony margin of the window (Fig. 2). 
The medial end of the prosthesis near the 


- however, 


adipose graft is ensheathed in à«mem- 


brane. No fibrous tissue is seen around 
the prosthesis or incus. The gradual re- 
currence of a conductive component to 
her hearing loss can be explained by a 
slow migration of the prosthesis from a 
central to a peripheral position within 
the graft. Histological study shows sur- 
gical removal of the posterosuperior 
part of the bony tympanic annulus. The 
tympanic membrane is intact; however, 
the pars propria shows undulations. The 
malleus and incus appear normal. The 
chorda tympani nerve is embedded in 
fibrous tissue and adherent to the pos- 
teromedial part of the tympanic mem- 








brane. There is an otosclerotic focus an- E 

Jd terior and superior to the oval: window „3% 
Fig. 1. (Case 1) CW, right ear. Preop, — involving the full thickness of the: cochis, 

0 —— 0; Postop, 0----0. lear wall. The otosclerotic foous 
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Figs. 2 and 3. (Case 1) CW, right ear. 


several large vascular channels and its the superior margin of the oval window. 
central part consists of normal appearing There are blue mantles around the semi- 
lamellar bone which probably repre- circular canals. The stapes is missing 
:sents.remodelling of otosclerotic bone. except for a small piece of footplate 
There is a small otosclerotic lesion at which remains at the anterior margin of 
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Fig. 4. (Case 1) CW, right ear. 


the window (Fig. 3). The oval window 
niche is filled by an adipose graft which 
is 2.5 mm in thickness. It is encased in 
a thin layer of fibrous tissue which in 
turn is covered by mucous membrane 
‘on its tympanic surface and endosteum 
on its vestibular surface (Fig. 4). There 
is a cylindrical area of loss of substance 
in the posterior part of the graft, which 
represents artifact caused by removal of 
the wire prosthesis. No inflammatory 
reaction or foreign body giant cells are 
seen, 


The hair cell population of the organ 
of Corti is normal throughout. There 
is a loss of 30 to 70% of the cochlear 
neurons in the basal turn. There is 
patchy atrophy of the stria vascularis in 
all three turns of the cochlea. Reissner's 
membrane is depressed onto the organ 
of Corti throughout all turns. There is 
a bone chip on the utricular wall near 
the utriculoendolymphatic valve. The 
maculae and cristae as well as the ves- 
tibular nerves appear normal. 


CASE 2 


MSa, a female housewife, died at age 
72 of myocardial infarction. 


Otologic History. At the age of 48, 
the patient developed Addison's disease 
which required continuous replacement 
therapy. She had numerous admissions 
to the hospital for stabilization of her 
endocrine status. At the age of 57, she 
was hospitalized for hematemesis caused 
by peptic ulcer. At the age of 61, she 
was first seen in the ENT Clinic com- 
plaining of progressive hearing loss in 
the left ear beginning 20 years previ- 
ously. There was a history of deafness 
of unknown etiology in three members 
of her family. Examination revealed in- 
tact but “atrophic” tympanic membranes 
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Fig. 5. (Case 2) MSa, left car; 
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Figs. 6 and 7. (Case 2) MSa, left ear. 


bilaterally. The Rinne test was negative speech discrimination at 96%. A total left 
on the left side. Audiometry showed a — stapedectomy was performed and a fat- 
left conductive hearing loss with bone wire prosthesis was implanted. An audi- 


“~~ conduction at 10 to 20 dB, air conduc- |. ogram one month later showed a near 


^. tion at 50 to 60 dB, SRT at 52 dB, and ` closure of the air-bone gap (Fig. 5). 
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Fig. 8. (Case 2) MSa, left ear. 


No further audiometric tests were per- 
formed; however, the medical record 
indicates that the hearing improvement 
was sustained subjectively until the time 
of her death at age 72, 11 years follow- 
ing stapedectomy. She died of myocar- 
dial rupture following myocardial in- 
farction. Autopsy was performed 23 
hours after death and both temporal 
bones were removed for histological 
study. 


Histopathology (Left Ear). Examina- 
tion of the celloidin impregnated speci- 
men shows a stainless steel wire pros- 
thesis extending from the incus to the 
oval window (Fig. 6). The loop is firmly 
attached to the long process of the incus 
and the medial end of the wire is lo- 
cated in the center of the oval window. 
The wire appears to be ensheathed in 
a membrane. 


The ear is in a good state of histo- 
logical preparation but shows moderate- 
ly severe postmortem autolysis. The 
tympanic membrane is intact; however, 
the lamina propria in the posterior seg- 
ment shows undulations. The postero- 


superior part of the bony tympanic an- » 


nulus has been removed. The malleus 
and incus are intact. There are several 


small patches of bone resorption within 
the long process of the incus in the area 
of contact with the prosthesis. There is 
a large otosclerotic focus located an- 
terior and superior to the oval window. 
In the basal turn it involves the entire 
thickness of the cochlear bony labyrinth, 
and has caused atrophy and fibrosis of 
the spiral ligament. The stapes is absent 
(Fig. 7). The oval window is bridged 
by a membrane measuring from 0.1 to 
l mm in thickness and consists of a 
central core of adipose tissue surrounded 
by a layer of dense fibrous tissue (Fig. 
8). Part of the central area of the graft 
has been avulsed during removal of the 
prosthesis. The membrane is covered on 
its tympanic surface by mucous mem- 
brane and on its vestibular surface by 
endosteum. There are several bone chips 
on the vestibular surface. A band of 
fibrous tissue extends from the oval 
window to the incus and appears to 
have partly ensheathed the prosthesis. 


The organ of Corti is intact through- 
out and contains normal populations of 
hair cells. There is a loss of 20 to 50% 
of the cochlear neurons in the basal turn. 
There is patchy atrophy of the stria 
vascularis in the basal and middle turns. 
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Fig. 9. (Case 3) MP, left ear. 


There are tears of the utricular and 
saccular walls; however, they are small 
and probably represent preparation arti- 
fact. The vestibular sense organs and 
nerves appear to be normal. There is no 
otosclerotic lesion or other significant 
pathology in the opposite (right) ear. 


CASE 3 


MP, a housewife, died at age 61 of 
adenocarcinoma of the ovary. 


Otologic History. At the age of 52 the 
patient complained of having a slowly 
progressive bilateral hearing loss for 
many years. She was wearing an air 
conduction hearing aid in the left ear. 
The Rinne tests were negative and 
audiometric tests showed bilateral, com- 
bined, sensorineural, and conductive 
hearing loss with discrimination scores 
of 90% in both ears. A left stapedectomy 
was performed and a fat-wire prosthesis 
was introduced. An air conduction pure 
tone test made six weeks later revealed 
an excellent hearing gain (Fig. 9). She 
had no further hearing tests; however, 
her husband reported that she main- 
tained excellent hearing improvement 


until the time of her death at the age of. 


61. Death was caused by a right ovarian 
carcinoma diagnosed at the age of 58, 
which failed to respond to radical sur- 
gery and irradiation. 


Histopathology (Left Ear). Examina- 
tion of the prosthesis in the celloidin 
block shows it to be firmly attached to 
the long process of the incus and well 
centered in the fat graft and oval win- 
dow. (Fig. 10). Histological examination 
reveals ‘the tympanic membrane to be 
intact. Some of the posterosuperior part 
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of the bony tympanic annulus has been 
removed surgically. The chorda tympani 
is intact but adherent to the tympanic 
membrane. There is an otosclerotic focus 
at the anterior margin of the oval win- 
dow which does not involve the endos- 
teum of the cochlea (Fig. 11). A thin 
layer of pavement epithelium which had 
ensheathed the wire extends part way 
from the graft to the incus. There are 
interlacing bands of connective tissue, 
extending from the promontory and 
pyramidal eminence to the incus. The 
long process of the incus shows patchy 
resorption of bone as well as new bone 
formation in the area where the pros- 
thesis was attached (Fig. 12). The 
stapes is missing except for a small 
segment of the anterior margin of the 
footplate and fragments of the anterior 
crus. A soft tissue mass, representing the 
implanted ear lobe fat graft, bridges the 
oval window (Fig. 13). It is about 4 
mm in thickness, shows 1 mm cupping 
and has a central empty space repre- 
senting the prior location of the pros- 
thesis. It is comprised two thirds of 
fibrous tissue and one third of adipose 
tissue and is covered on its tympanic 
surface by mucous membrane and on its 
vestibular surface by a single layer 
membrane. 


There is moderate compression arti- 
fact of the membranous labyrinth with 


displacement of Reissners membrane 


toward the organ of Corti. The hair cell 
population of the organ of Corti appears 
normal. There is 10 to 30% loss of coch- 
lear neurons in the basal turn. The sen- 
sory and neural elements of the vestib- 
ular system appear normal. 


CASE 4 


IH, a female whose occupation was 
unknown, died at the age of 61 of me- 
ningioma of the right posterior cranial 
fossa. 


Otologic History. In childhood this 
patient first noted hearing loss which 
became progressively worse, and at the 
age of 40 began wearing a hearing aid. 
Because of external otitis, she wore the 
aid alternately on the right and left ears. 
Audiometric tests at the age of 47 
showed a bilateral, combined sensor- 
ineural and conductive hearing loss. 
Bone conduction was in the 20-40 dB 
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Figs. 10 and 11. (Case 3) MP, left car. 


range and air conduction in the 60-80 
dB range. At the age of 53, a right 
stapedectomy operation was performed. 
The stapes footplate was found to be 
slightly thickened and rigidly fixed. It 
was fractured transversally and removed 


in two pieces and a fat-wire prosthesis 
was introduced. Audiometric tests one 
year postoperatively showed closure of 
the air-bone gap (Fig. 14). The-pàtient 
was admitted to the hospital at the age 
of 61 because of increasing drowsiness 
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Figs. 12 and 13, (Case 3) MP, left ear. 


and.stiffness of the neck. She lapsed Histopathology (Right Ear). The cel- 
“into coma and died 48 hours later. Au- loidin block shows a stainless steel pros- 
topsy-revealed a meningioma of the thesis firmly attached to the long process 
"right posterior cranial fossa. of incus (Fig. 15). The medial end of 
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Fig. 14. (Case 4) IH, right ear. 


the wire is knotted and lies in the 
central part of the fat graft. There is a 
dense band of fibrous tissue passing 
from the lenticular process to the prom- 
ontory. 


Histological study. shows artifactual 
tears of the tympanic membrane. The 
malleus and incus are normal. The chor- 
da tympani nerve has been cut at the 
level of the bony tympanic annulus and 
is degenerated beyond that point. There 
is a large otosclerotic focus involving 
the lateral wall of the cochlea including 
the endosteal layer of bone of the basal 
and middle turns (Fig. 16). There are 
numerous large blood vessels within the 
otosclerotic lesion. The stapes has been 
totally removed and the oval window 
is bridged by a graft consisting of a 
central mass of adipose tissue surround- 
ed by a thin layer of connective tissue 
(Fig. 17). The graft tissue is covered 
on its middle ear surface by mucous 
membrane and on its vestibular surface 
by a thin single layer membrane. No 
foreign body giant cells are seen. Strands 
of connective tissue extend from the 
fat graft toward the long process of the 
incus, and presumably were in ana- 
tomical juxtaposition to the stainless 
steel prosthesis. The chorda tympani 
nerve has been cut at the level of the 
bony tympanic annulus and is missing 
beyond this point. The facial nerve, 
after providing a large branch to the 
stapedius muscle, separates into four 
distinct bundles. One large bundle and 
one small bundle remain in the fallopian 
canal, while two smaller bundles leave 
the fallopian canal to pass inferiorly in 
separate bony canals (Fig. 18). 


The organ of Corti is somewhat flat- 


.tened, but hair cells can be seen in all 


turns of the cochlea. There is slight loss 
of cochlear neurons in the basal turn. 
The spiral ligament, in addition to show- 
ing atrophy of aging, exhibits collageni- 
zation of the peripheral layers in areas 
adjacent to the otosclerotic lesion. There 
is collapse ofthe saccular wall; how- 
ever, the sensory epithelium appears 
normal. The remainder of the vestibular 
sense organs appears normal. 


CASE 5 


AZ, a female whose occupation was 
unknown, died at the age of 61 of carci- 
noma of the tongue with regional and 
distant metastases. 


Otologic History. This patient first 
noticed a hearing loss at the age of 30 
which became progressively more. se- 
vere, particularly on the right. She also. - 
had buzzing tinnitus in the right, ear. 
There were occasional. momentary ver- 
tiginous episodes following head move- 
ments but no severe vertigo. She. de- 
clined the advice to have a fenestration 
operation in her right ear. She smoked 
one pack of cigarettes per day-and had 
a past history of excessive intake of 
ethanol. There was a historv of tertiary 
svphilis treated with bismuth and peni- 
cillin. Examination at the age of 59 re- 
vealed normal external auditory canals 
and tympanic membranes. The Rinne 
tests were negative bilaterally (512 and 


256 Hz). Audiometric test results ap- 


pear to be unreliable because of incon- 
sistencies, for example, in the right ear 
there was no air-bone gap for 250 and 
500 Hz, for which Rinne tests were 
negative with tuning forks. Also the 
speech reception thresholds were re- 
corded as 110 dB for both ears whereas 
pure tone thresholds indicated a less 
severe loss (Fig. 19). 


A right stapedectomy was performed 
and a fat-wire prosthesis was intro- 
duced. No postoperative hearing tests 
were performed because the patient 
failed to keep appointments. At the age 
of 61, she developed squamous cell 
carcinoma of the tongue and in spite of 
radiotherapy, died of the disease six 
months later. 


Histopathology (Right Ear). The ads 


loidin block shows a wire prosthesis 


loosely attached to the incus. The me-: 
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Figs. 15 and 16. (Case 4) IH, right ear. 


dial end has a large knot beyond which 
is an extension of wire bent back on 
itself (Fig. 20). This end of the pros- 
thesis extends about 1.75 mm into the 
vestibule. The knotted end has carried 
the posterior part of the fat graft into 


the vestibule with it. There is a fibrous 
band between the prosthesis and fal- 
lopian canal. Histological study reveals 
an intact tympanic membrane and nor- 
mal appearing malleus and incus. There 
is partial surgical removal of the pos- 
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Figs. 17 and 18. (Case 4) IH, right ear. 


terosuperior part of the bony tympanic 
annulus. The stapes hàs been removed 
except for a small anterosuperior seg- 
ment of the footplate which is involved 
by otosclerosis and firmly fixed to mar- 
gins of the oval window (Fig. 21). The 


INNER EAR LINING MEMBRANE 





oval window is bridged by a thick fi- 
brous tissue membrane in the center of 
which is a dehiscence representing the 
prior site of the stainless steel. wire 
prosthesis (Fig. 22). On the medial 


surface of the inferior part of the mem- 


13 





OR A 3k _ SCHUKNECHT-JONES 





125 250 500 '“ IK 2K 4k 8K !6K 
T T^ ES 












Jig. 19. (Case 5) AZ, right ear. 


brane isa layer of adipose tissue (Fig. 
23). No foreign body giant cells are 
seen. There is an. otosclerotic focus at 
the anterior margin of the oval window 
‘which does not involve the endosteum 
of the cochlea. ` 


`- The organ of Corti is present through- 
out “and contains good (probably nor- 
‘mal) populations of hair cells. There is a 
fos OF from. 30-80% of the spiral ganglion 


cells in: the. basal turn. There is severe 
atrophy of the stria vascularis in large 
areas of all three turns. The utricular 
and saccular maculae, the cristae, and 
the vestibular nerves appear normal. 






. COMMON: 


CASE 6 


JP, a male hospital: orderly, ‘died at 
age 58 of chondrosarcoma of the cervi- 
cal vertebrae. 


Otologic History.:At the age of 46 the 
patient first complained of loss of hear- 
ing in his left ear. He denied ever 
having had vertigo, tinnitus, or otorrhea. 
There was no family history of deafness. 
During World War II he worked in a 
shipyard and was exposed to loud 


` noises. Examination revealed the Rinne 


test to be positive on the right and 
negative on the left. The Weber test 
referred to the left ear. Audiograms 
showed bilateral high tone sensorineural 
hearing losses and a conductive hearing 
loss in the left ear. Discrimination scores 
were 88% on the right and 96% on the 
left. At the age of 47 a stapedectomy 
was performed in the left ear. The fixed 
stapes was removed intact and replaced 
by a 3.5 mm gel-wire prosthesis. Audio- 
metric tests performed at both six weeks 
and eight months later revealed near 
closure of the air-bone gap (Fig. 24). - 
Eleven years following the stapedec- 
tomy at age 58, he developed a chon- 
drosarcoma of the cervical vertebrae 
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‘Fig. 20. (Case 5) AZ, right ear. 
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Figs. 21 and 22. (Case 5) AZ, right ear. 


and, in spite of radiotherapy, died five ^ the incus (Fig. 25). Its medial end lies 
months: later. -at the level of the oval window where 
rl it is embedded, in a thin’ membrane. 

Histopathology (Left Ear). The cel- which bridges the window. The Pros- 
loidin block shows a wire prosthesis thesis appears to be ensheathed ^in «a 
loosely attached to the long process of thin membrane. There is a fibrous band 


ED 


16 z Sj SCHUKNECHT-JONES 








MIDDLE EAR 


^ MUCOUS 
MEMBRANE 
aye 


: 
ed i 


23:53. AR FAT GRAFT 


IK 2K 4K 8K 16K 








125 250 500 
TL 





i 8 MO POSTOP to 


Fig. 24. (Case 6) JP, left ear. Preop, 


x x; Postop, x ----x. 





extending from the prosthesis to the 
fallopian canal. 


Histological study reveals that part of 
the posterosuperior bony tympanic an- 
nulus has been removed surgically. The 
tympanie membrane is intact but the 
pars propria shows undulations. The 
chorda tympani nerve has been surgi- 
cally cut and shows some. regeneration 
with: bundles of nerve fibers extending 
‘into the adjacent soft tissue at the pos- 
rosuperior:.part ‘of the tympanic an- 





aj. nulus.-There are.small areas of bone 


Fig. 23. (Case 5) AZ, right ear. 


resorption in the cortex of the long pro- 
cess of the incus at the site of the pre- 
viously attached prosthesis. The -stapes- 
has been totally removed (Fig. 26). The 
oval window is bridged by a fibrous 
membrane which is five to ten cell dayers 
in thickness with 0.5 mm cupping (Fig. 
27). On the lateral surface of this mem- 
brane is an acidophilic staining amor- 
phous material presumably existing 
prior to: death and somehow related to 
surgery (Fig. 28). There is no evidence 
of foreign body reaction. There is baso- 
philic staining bone located anterior to 
the oval window. If otosclerosis was 
present, it must have been located with- 
in the footplate causing it to be im- 
pacted within the oval window. Alter- 
natively, the condition may have been a 
nonotosclerotic bony fixation, possibly 
congenital. No tympanosclerosis is seen. 


There is moderate atrophy of the stria 
vascularis as well as loss of hair cells 
and cochlear neurons in all turns of the 
cochlea. These changes are similar in 
distribution and magnitude to that of the 
opposite ear which did not have stapes 
fixation or surgery. Within the saccule 
is an irregularly folded membrane which 
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Figs. 25 and 26. (Case 6) JP, left ear. 
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Figs. 27 and 28. (Case 6) JP, left ear. 


Otologic History. At the age of 78 the 
patient complained of having had a bi- 
lateral hearing loss for 25 years. Exam- 
ination revealed intact tympanic mem- 
branes and negative Rinne tests (512 
Hz) bilaterally. Audiometric studies 
showed a bilateral combined sensor- 
ineural and conductive hearing loss. 
Speech reception was 64 dB on the right 
and 58 dB.on the left. Speech discrim- 
ination was 922 on the right and 882 
on the left. A hearing aid was purchased 
for her but she refused to use it. A 
.stàpedectomy was performed on her 
"right ear and.a 4 mm gel-wire prosthesis 
-, was implanted. Audiometric tests three 

motiths.latér showed a near closure of 
x tlie. ait-bone gap (Fig. 29). Five years 


later, at the age of 83, she died of myo- 
cardial infarction. 


Histopathology (Right Ear). The cel- 
loidin block reveals a wire prosthesis 
firmly attached to the incus and extend- 
ing to the middle of the oval window. 
Its medial end is ensheathed in a thin 
membrane. It passes through a fibrous 
membrane of varying thickness and pro- 
trudes about 2 mm into the vestibule 
(Fig. 30). Histological study reveals the 
tympanic membrane to be intact and in 
a normal position. The posterosuperior 
part of the tympanic bony annulus has 
been surgically removed and at the 
adjacent margin of the tympanic mem- 
brane there is a proliferation of fibrous 
tissue. The chorda tympani nerve has 


" 


STAPEDECTOMY Qu ss Jam 





125 250° 500 IK 2K 4K 8K 16K 
Eee T T 











Fig. 29. (Case 7) MSh, right ear. 


been amputated at the level of the iter - 


chordae posterius and a small amputa- 
tion neuroma has developed in this area. 
The malleus appears normal. In the area 
of attachment of the prosthesis to the 
incus there is a sheath of mucous mem- 
brane which has enveloped the incus, 
There are small areas. of bone resorp- 
tion in the long process of the incus. No 
inflammatory or foreign body reaction 
is seen. The stapes i been totally 
removed and the oval window is bridged 
by a fibrous membrane which shows 1 
mm cupping (Fig. 31). An enveloping 
sheath. of the prosthesis extends into 


the vestibule about 2 mm beyond foot- 
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Fig. 30. (Case 7) MSh, right ear, | - 


plate level (Fig. 32). There is a focus 
of otosclerosis at the anterior margin of 
the oval window which does not involve 
the endosteum of the basal turn of the 
cochleaz—-- 


There is scattered loss of hair cells and 
slight loss of cochlear neurons in the 
basal tum of the cochled, Thé sense ^ 
organs and nerves of the vestibular sys- 
tem appear normal. 


CASE 8 


WOC, a male turbine operator, died. 
at the age of 70 of myocardial infarctioh. « 


ioo. M c 

Otologic History. At the age,of 65, " 
the patient complained of having had:a _ 
hearing loss in both ears for over 30 -=> 
years. Examination. revealed; normal, 
tympanic membranes and. negative 
Rinne tests; Audiometric studies showed. s; + 
symmetrical .sensorineural losses. of- $ 
about 20-30 dB and conductive losses . ae 
of about 40-50 dB. At the age;of 66a .— *«. 
right stapedectomy was performed and me 
a Gelfoam® wire prosthesis was. intro- 
duced. Audiometric studies performed 
six weeks and again three years after 
surgery showed a hearing gain -but in- 
complete closure of the air-bone. gap 
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(Fig. 33). At the age of 70, four years firmly crimped to the long process of 
following stapedectomy, he died of the incus. The knot of the prosthesis is 
myocardial infarction. located 1.5 mm lateral to footplate level 

Histopathology (Right Ear). The cel- (Fig. 34). The oval window is bridged 
loidin block shows the wire prosthesis by a thick fibrous membrane which 


Figs. 31 and 32. (Case 7) MSh, right ear. 
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Fig. 33. (Case 8) WOC, right ear. 


shows 1.5 mm cupping. The wire be- 
yond the knot extends through the mem- 
brane to the footplate level. Histological 
study shows a posterior retraction 
pocket of the pars tensa (Fig. 35). In 
this area’ the membrane is in contact 
with the incus and pyramidal eminence. 
The tympanie membrane had been re- 
ported to appear normal preoperatively; 
therefore these alterations are presumed 
to be the result of the surgery, The 
posterosuperior part of the bony tym- 
panic annulus is missing. There are 
small areas of bone resorption in the 
long process of the incus having no 
spatial relationship to the location of the 
prosthesis. The former location of the 
prosthesis on the incus is evidenced by 
what was an enveloping membranous 
sheath. The stapes is missing and the 
oval window is bridged by a fibrous 
membrane about 0.2-0.4 mm. in thick- 
ness showing 1.5 mm cupping (Fig. 
36). A defect in the membrane at the 
inferior margin of the oval window 
indicates the previous location of the 
prosthesis. The chorda tympani nerve 
has been injured at the iter chordae 
posterius and is degenerated distal and 
somewhat medial to that point. There is 
a focus of otosclerosis at the anterior 
margin of the oval window which does 
not extend to endosteum. 


The membranous labyrinth is in an 
excellent state of preservation. The hair 
cell populations of the organ of Corti 
and vestibular sense organs appear nor- 
mal throughout. There is a loss of about 
50% of the spiral ganglion cells through- 
out the basal turn. The vestibular sen- 
sory and neural structures appear nor- 
mal, i 


CASE 9 bl eU ea 

LP, a male machinist, died at the age 
of 62 of myocardial infarction and ter- 
minal bronchopneumonia. 


Otologic History. At the age of 25 the 
patient noted bilateral progressive hear- 
ing loss, and at the age of 41 he began 
using a hearing aid in his right ear. 
Otologic examination at the age of 59 
showed normal tympanic membranes 
and a bilateral symmetrical combined 
sensorineural and conductive hearing 
los. At the age of 60 a stapedectomy 
was performed in the right ear. The 
stapes was firmly fixed by a thick cir- 
cumferential layer of otoscleratic bone.:. 
A hand drill was used in an‘ attempt to 
make a small opening into a centralthin. 


area of the footplate which, however, ~ 


fractured vertically and the two halves 
were removed. There was some loss of 
perilymph. and slight bleeding into the 
vestibule. A 3.75 mm Gelfoam$-wire 
prosthesis was introduced and tightened 
to the incus. Postoperative audiometric 
tests made at six weeks and again at 
17 .months showed closure of the air- 
bone gap. with the speech reception 
threshold improved from 78 to 94 dB . 
(Fig. 37). During the period of post- 
operative observation the speech dis:: 


crimination scores diminished in both ` 
ears from 90% to 60%. His health de- 
teriorated rapidly after the. age of 61 
due to progressive generalized arterio- 
sclerosis. He had cerebral and cerebellar. 
degenerative changes and myocardial 
infarcts and died at the age of. 62 of 
terminal bronchopneumonia. 


Histopathology (Right Ear). ‘The cel- 
loidin block shows a wire. prosthesis 
attached to the incus with its medial 
end located in the center of the oval 
window at footnlate level (Fig. 38). 
Histological study shows mild undula- 
tions of the pars propria of the tvmpanic 
membrane. The long process of the inc- 
us is slightly eroded on its anterior sur- 
face in the region of contact with the 
prosthesis. There are several small bone 
chins partly embedded in fibrous tissue 
in the posterior part of the oval window 
niche. The chorda tympani appears nor- 
mal. A dense column of fibrous tissue 
extends-from the oval window to the 
long process. of the incus (Fig. 39). A 
silhouette of the prosthesis is seen as a 
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Figs. 34 and 35. (Case 8) WO'C, right ear. ee 


tissue defect within this fibrous tissue. 
No foreign body reaction is present. The 
stapes has been removed in its entirety 
and the oval window is bridged by a 
membrane of varying thickness, consist- 


ing of a loose fibrous stroma with nu- 
merous spindle shaped nuclei and richly 
supplied with small blood vessels. The 
prosthesis protrudes 0.5 mm beyond the 
oval window membrane which in turn 


CUPPING 


OTOSCLEROSIS 


shows 0.5 mm cupping (Figs, 40 and 


41). There is a large otosclerotic lesion: 


which has replaced most of the'enchon- 
‘dral layer of the cochlear wall. The 
endosteal bone is. not involved ‘except 
for small areas on the lateral side of the 
cochlea. The spiral ligament is mildly 
atrophied in these areas. The focus ex- 
tends to the anterior margins of the 
internal auditory canal and bulges 
slightly into the canal. The otosclerotic 
focus consists of a mosaic pattern of 
bone of varying density with generally 
thick trabeculae separated by islands of 
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Fig. 37. (Case 9) LP, right ear. 


Fig. 36. (Case 8) WO'C, right ear. 
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fibrous tissue, many. of which. contain. 


large blood. vessels. 


The ‘organ of Corti and. vestibti 
sense. organs. appear normal. "Ther 
slight loss of cochlear neurons in Ë é 
basal turn. There is'no obvious patho- 


"logical correlate for the sensorineural: 


component of the hearing loss. The ves- 
tibular sensory and neural structures ap- 
pear normal. METRE 


CASE 10 


MQ, a female whose occupation was 
unknown, died at the age of 75 of myo- 
cardial infarction. d 


"Oe 


i> ays 

Otologic History. The ‘patent had a 
slowly progressive hearing los in the 
left ear beginning at the age of 20. At 
age 75 she complained of a sudden 
hearing loss in her right ear. Examina- 
tion revealed intact tympanic mem- 
branes. The Rinne test (512) was posi- 
tive in the right ear and negative in 
the left. Audiometric studies showed a 
moderate right sensorineural hearing 
loss with speech reception threshold of 
22 dB and a discrimination score 92%. 
The left ear showed a combined sen- 
sorineural and conductive hearing. loss 
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Figs. 38 and 39. (Case 9) LP, right ear. 





with speech reception threshold of 92 The following note is extracted from the 
dB and speech discrimination score of operative record: “The bony annulus 
645. was removed with curettes sufficient to 
expose the oval window area. The chor- 

A stapedectomy operation was per- da tympani nerve was preserved. The 
formed on the left ear at the age of 75. — stapedius tendon was cut, the incudo- 
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Figs. 40 and 41. (Case 9) LP, right ear. 


stapedial joint was divided, and the tightly onto -the long process of the 
head and crura of the stapes were re- incus?” Audiometrie tests, one month 
moved. The footplate was removed in later, showed near closure of the air- 
fragments. A 3.5 mm Gelfoam®-wire bone gap, a speech reception threshold 
prosthesis was inserted and crimped of 54 dB and discrimination score of 
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Fig. 42. (Case 10) MQ, right ear. 


DOR (Fig. 42). The patient died of 
«acute myocardial infarction four months 
.,-after surgery. 


“s. Histopathology (Left Ear). The cel- 
loidin block shows a stainless steel wire 
. prosthesis firmly attached to the long 
process ‘of the incus (Fig. 43). At its 
"medial end the knot of the prosthesis. is 
-, embedded in. the center of a fibrous 
“membrane which bridges the oval win- 
dow; A dense. band of fibrous tissue 
. passes from the lenticular process to the 





goth 





On histological study the tympanic 
membrane is intact but thickened in its 
osterior part. The malleus and incus 
are normal; There is a small otosclerotic 
focus at the anterior margin of the oval 
window,.which has not involved the 
endosteuni (Fig. 44). The stapes is 
missing and the oval window is bridged 
by a membrane of fibrous tissue averag- 
ing about 1 mm in thickness. The posi- 
tion occupied by the stainless steel pros- 
thesis is marked by clear channels with- 
in this fibrous membrane and by a thin 
sheath of cells extending toward the 
incus (Fig. 45). Near the end of the 
long process of the incus is a mem- 
branous. sheath which had enveloped 
the prosthesis in this area. No foreign 
body reaction is seen. There are several 
bone chips near the posterior bony an- 
nulus and on the lateral surface of the 
long process of the incus. The chorda 
tympani nerve is degenerated. 





There is atrophy of the organ of Corti 
and loss of spiral ganglion cells at the 
basal end of the cochlea. There are small 
patches of atrophy of the stria vascularis 
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Fig. 46. (Case 11) FH, right ear. 


in the middle turn. The vestibular sense 
organs and nerves appear normal. ~ 


CASE 1] (RIGHT EAR) 


FH, a male whose occupation was 
unknown, died at the age of 81 of cardi- 
ac arrest (same subject as case 13). 


Otologic History. Otologic examina- 
tion at the age of 66 revealed bilateral, 
combined, sensorineural, and conductive 
hearing loss. The bone conduction 
thresholds showed asymmetrical de- 
scending threshold patterns. Air-bone 
gaps were about 50 dB on the right and 
40 dB on the left. Discrimination scores 
were 40% on the right and 46% on the 
left. A stapedectomy was performed on 
the right ear. The main focus of otoscle- 
rosis was located anterior to the oval 
window, and the round window was 
reported to be “clear” of otosclerosis. 
The stapes was completely removed and 
replaced with a vein graft and PE tube 
prosthesis. Audiometric tests made at 
intervals of one month, six months, two 
years, and four years following surgery 
showed closure of the air-bone gap (Fig. 
46). The final test showed a discrimina- 
tion score of 62% in the right ear. 


Histopathology (Right Ear). Examina- 
tion of the celloidin block reveals a PE 
tube prosthesis extending from the len- 
ticular process of the incus to the oval 
window (Fig. 47). It is entirely en- 
sheathed in fibrous tissue. 


Histological examination shows the 
tympanic membrane to be intact but the 
posterior part of the lamina propria has 


‘an undulated appearance. In the pos- 


terior mesotympanum there are several 
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small bone chips surrounded by fibrous 
tissue and new bone. The malleus is 
normal. The lenticular process of the 
incus is partly resorbed. The stapes has 
been removed except for a small mar- 
ginal posterior segment of the footplate 
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Figs. 43 and 44. (Case 10) MQ, 
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right ear. 
which is fixed to the margins of the oval 
window by. otosclerotic bone (Fig. 48). 
The oval window is bridged by a layer 
of thick fibrous tissue which. is in con- 


tinuity with a column of tissue extend- 
ing laterally to the incus. Within this 
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fibrous tissue is the PE tube prosthesis, 
the lumen of which is filled with fibrous 
tissue and lamellar bone (Figs. 49 and 
50). There are scattered multinucleated 
'giant cells surrounding the tube. The 
otosclerotic focus involves the entire 
* lateral wall of the cochlea and contains 
*- large vascülar:channels appearing to be 
venous in type. The spiral ligament 
shows moderate atrophic change in the 
lateral parts of all turns in areas adjacent 
to otósclerotic bone. There are separate 
smaller foci of otosclerosis at the apex, 
in the medial wall of the cochlea, the 
margin ‘of the round window, and the 
anterior wall of the internal auditory 
canal. The basilar membrane is severely 
atrophied and ruptured in the 1-4 mm 
region (Fig. 51). The atrophic appear- 
ance probably represents an antemor- 
tem pathological change; however, it is 
not clear whether the rupture is of pa- 
thological or artifactual cause. The or- 
gan of Corti is atrophied at the basal 
end and there is a slight scattered loss 
of hair cells throughout the remainder 
of the cochlea. The spiral ganglion shows 
a loss of 30-40% of the neurons in the 
basal.turn. The saccular and utricular 
maculae, the cristae, and the vestibular 
nerves appear normal. 
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Fig. 45. (Case 10) MQ, right ear. 
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CASE 12 (LEFT EAR) 


BP, a housewife, died at age 50 of 
adenocarcinoma of the breast (same 
subject as case 15). 


Otologic History. This patient had a 
hearing loss first noted at about the age 
of 15. In the third decade of life she 
had three stapes mobilization operations, 
two in the right ear and one in the left, 
all without significant sustained hearing 
improvement. At the age of 40 a stape- 
dectomy was performed on the left"ear. 
The anterior margin of the footplate was 
fixed. The entire stapes was removed 
and replaced by a PE tube placed on 
a Gelfoam® pledget. There was incom- 
plete closure of the air-bone gap; how- 
ever, a good hearing gain was main- 
tained until the final test seven years 
later (Fig. 52). She died ten years after 
the stapedectomy. 


Histopathology (Left Ear). The cel- 
loidin block shows the PE tube pros- 
thesis extending from the lenticular pro- 
cess of the incus to the posterior margin 
of the oval window (Fig. 53). A fibrous 
band passes from the prosthesis to the 
pyramidal eminence. (This adhesion 
may have caused the posterior disloca- 
tion of the medial end of the prosthesis.) 
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Fig. 52. (Case 12) BP, left ear. Preop, 
x x; Postop, x ---- x. 





Histological study shows a posterior 
central perforation of the tympanic 
membrane with a thickened posterior 
margin and an anterior ingrowth of 
squamous epithelium onto the medial 
surface of the membrane (Figs. 54 and 
95). Superior to the perforation, the 
tympanic membrane is greatly thickened 
and on its medial surface are bone chips 
surrounded by fibrous tissue. There is 
à large otosclerotic focus at the anterior 
margin of the oval window not involving 
the endosteum (Fig. 56). It overhangs 
the anterior margin of the oval window 
and a remaining fragment of the an- 


terior margin of the footplate. The oval 
window is bridged by a thick layer of 
fibrous tissue (Fig. 57). At the posterior 


«margin of the window is the silhouette 
- Of the PE tube prosthesis which is partly 
overlapping the bony margin of the oval 


window and extends laterally to the 
lenticular process. There is partial re- 
sorption of the lenticular process of the 
incus (Fig. 58). There is some fibrous 
tissue ingrowth from the lenticular pro- 
cess into the lumen of the tube and at 
the margins of this connective tissue are 
scattered foreign body giant cells. The 
PE tube is surrounded on its entire sur- 
face by a thin layer of fibrous tissue. 
There is a separate otosclerotic lesion 
partly obliterating the round window 
niche. The organ of Corti appears to 
contain normal numbers of hair cells and 
the cochlear neuronal population ap- 
pears to be normal. The vestibular 
sensorineural structures . appear to be 
normal. E 


CASE 13 (LEFT EAR) 


FH, a male whose occupation was n 
unknown, died at age 81 of cardiac: 
arrest (same subject as case 11). 


Otologic History. The opposite (right), 





Fig. 47. (Case 11) FH, right ear, 
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Figs. 48 and 49. (Case 11) FH, right ear. 


ear had previously undergone a stape- 
dectomy with PE tube implant and vein 
graft at the age of 66 (see case 11). 
At the age of 68 a stapedectomy was 
performed on the left ear. The main 


otosclerotic focus was reported to lie an- 
terior to the oval window, and the round 
window was again reported as “clear” 
of otosclerosis. The entire stapes "came 
free with fracture attempt on crura." 
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Figs. 50 and 51. (Case 11) FM, right ear. 


A 4.5 mm stainless steel wire loop pros- showed closure of the air-bone gap (F ig. 
thesis was placed on a vein graft which | 59). The final test showed a speech dis- 
had been taken from the left hand. Au- crimination score of 807. At the age of 
diometric studies at two weeks, one 981 he died of a cardiac arrest. 


month, one year, and three years Histopathology (Left Ear). Examina- 
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Fig. 59. (Case 13) FH, left ear. 


tion of the celloidin block shows a stain- 
less steel wire loop prosthesis firmly 
attached to the incus, and extending to 
the posteroinferior area of the oval win- 
dow (Fig. 60). Here it extends through 
a thick fibrous membrane which shows 
mild lateral cupping. 


Histological study reveals undulations 
of the lamina propria of the tympanic 
membrane. The malleus appears normal. 
There.is mild resorption of the surface 
of the long process of the incus near its 
tip. The stapes has been removed except 
for a small segment at the anterior mar- 
vin (Fig. 61). The oval window is 
bridged by a thick membrane which 
shows 1 mm lateral cupping. There are 
spaces within the membrane indicating 
the prior location of the wire prosthesis. 
A dense column of fibrous tissue passes 
from oval window to the lenticular pro- 
cess. No. foreign body giant cells are 
seen. There is a large otosclerotic lesion 
located anterior to the oval window in- 
volving the endosteum of the basal and 
middle turns. There are separate oto- 
sclerotic foci at the apex and in the 
medial-wall. of the cochlea. The basilar 
membrane is atrophied and ruptured in 
thé: 9-22 mm regions (Fig. 62). The 
rupture isi. presumed to: be artifact 
caused by the shrinking effect of tissue 
fixation.: Atrophy of the spiral ligament 
is severe and is assumed to be caused 
by a combination of aging and otoscle- 
rosis.’ 


Reissner’s membrane lies on the organ 
of Corti in the middle and apical turns. 
Hair cells can be seen throughout the 
cochlea, but there appears to be a 
moderate loss in the basal turn. There 
is about 30% loss of cochlear neurons in 
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the basal turn. There is partial collapse 
of the ampullary walls of the superior 
and lateral semicircular canals associated 
with areas of atrophy and fibrosis sug- 
gesting antemortem pathological change. 
The cupula of the posterior semicircular 
canal is severely atrophied and adjacent 
to the crista is a bluish acellular mass 
containing smaller more deeply stainec 
bodies possibly representing otoconia 
displaced from the utricle. There is 
lamellar new bone and connective tissue 
filling the perilymphatie space of the 
posterior semicircular canal from the 
crus commune to the margins of the 
ampulla. It is not in anatomical relation- 
ship to otosclerotic bone and its etiology 
is not clear. The sensory cell popula- 
tions of the utricular and saccular macu- 
lae, the cristae and the vestibular nerves 
appear to be normal. 


CASE 14 


BR, a female whose occupation was 
unknown, died at the age of 50 of car- 
cinoma of the pharynx. 


Otologic History. This patient first 
noted bilateral hearing loss at the age 
of 20. She denied having ‘tinnitus, ver- 
tigo, ear trauma or otorrhea. There was 
no family history of hearing loss. Exam- 
ination at the age of 37 revealed normal 
tympanic membranes, and audiometry 
showed a 30 to 40 dB bilateral conduc- 
tive hearing loss. There was also a 
moderate sensorineural hearing loss for 
frequencies above 1 kHz. Speech re- 
ception thresholds were. 45 dB. and 
speech discrimination scores were 92% in 
both ears. Stapes mobilization opera- 
tions were performed in. the left ear at 
ages 37, 38 and 39, all with no signifi- 
cant alteration in audiometric thresholds. 
A stapedectomy was performed in this 
ear at the age of 43. Because of resorp- 
tion of the long process of the incus a 
Shea malleus-attachment Teflon? piston 
was introduced. No further details of 
surgery are known. Again, when tested 
17 months later the hearing was not 
improved (Fig. 63). 


Histopathology (Left Ear). The cel- 
loidin block reveals a Teflon? piston 
(Shea malleus-attachment type) the 
lateral (loop) end of which is detached 
and medially displaced from the manu- 
brium (Fig. 64). The medial end of the 
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Figs. 53 and 54. (Case 12) BP, left ear. 


prosthesis passes through the posterior PE vent tube is located in the anteroin- 
part of the oval window to protrude ferior part of the tympanic membrane 
2 mm into the vestibule. In the oval with its medial end lying in contact with 
window the piston is surrounded by the lateral surface of the semicanal for 
fibrous tissue and otosclerotic bone. A the tensor tympani muscle. Histological 
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Figs. 55 and’56, (Case 12) BP, left: ear. 





study. shows. gross ‘pathological changes...the pars propria, missing pars propria, 
in. the tympanic membrane including’ medial retraction and penetration by the 
variations in thickness, undulations of  vént tube. The posterosuperior part of 
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Fig. 63. (Case 14) BR, left car. 


the tympanie bony annulus is missing 
and bone chips are seen embedded in 
fibrous tissue in this area. The chorda 
tympani nerve is atrophied distal to the 
iter chordae posterius. The malleus: ap- 
pears normal. The incus and stapes are 
missing. The posterior part of the oval 
window shows a silhouette of the piston 
surrounded by dense fibrous tissue (Fig. 
65). No inflammatory or foreign body 
reaction is seen. The anterior one half 
of the oval window contains otosclerotic 
bone. The otosclerotic lesion involves 
the bony labyrinth anterior to the oval 
witidow but does not extend to the en- 
dosteum. The round window niche ap- 
pears normal. 


The organ ‘of Corti i totally degener- 
ated from the 0-13 mm region. Through- 
out most of this region, the basilar mem- 
brane is totally. denuded of sensory 
epithelium. There. is a severe loss of 
cochlear neurons in the basal turn. The 
saccular wall is collapsed and bone dust 
is seen on the saccular wall and on the 
walls of the vestibule. The utricle and 
cristae appear normal. There is a round 
cylindrical piece of the bone lying on 
the lateral wall of the vestibule, pos- 
terior to the oval window which shows 
no surrounding inflammatory or fibrous 
reaction. 


CASE 15 (RIGHT EAR) 


BP, a housewife, died at age 50 of 
adenocarcinoma of the breast (same 
subject as case 12). 


Otologic History. A stapedectomy 
with PE tube and Gelfoam® implant 


. had been previously performed on the 


opposite (left) ear at age 40 (see case 12). 
A right stapedectomy was performed 
at the age of 46. The anterior margin of 
the footplate was found to be fixed. The 
entire stapes was removed and replaced 
with a 5.25 mm Teflon®-wire prosthesis 
surrounded: by  Gelfoam?  pledgets. 
There was incomplete closure of the 





Fig. 60. (Case 13) FH, left ear. 
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Figs. 61 and 62, (Case 13) FH, left ear. 


air-bone gap; however, a good hearing age. of 50 oF ideiocarcinoms E the 
gain was experienced and maintained breast: .. n i 
during the course of observation, the + 
last test being made one year. later at : Histopathologi y iche. Eat). The: os 
the age of 47 (Fig. 66). She died at the © loidin block Shores a _tef-wire path 
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Fig. 66. (Case 15). BP, right ear. 


firmly attached to the long process of the 
^. incus. Its medial end is located in the 
middle of the oval window (Fig. 67). 
Histological study shows the tympanic 
membrarie to be intact with its posterior 
margin displaced ‘medially because of 
surgical removal of part of the bony 
annulus. There is undulation of the pos- 
teroinferior part of the pars propria. 
The chorda tympani nerve has been cut 
. and. is atrophied distal to the site of 
injury. The malleus and incus appear 
‘normal. The stapes is missing except for 
"a small ‘anterior fragment of footplate 
(Fig. 68). An otosclerotie lesion is seen 
anterior to and overlapping the oval 
window but not involving the cochlear 
endosteum. The oval window is bridged 
by a thin fibrous membrane containing 
the silhouette of a Teflon® piston. The 
margins of the silhouette consist of fi- 
brous tissue which is several cell layers 
thick and show no evidence of foreign 
body reaction (Fig. 69). There is an 
... otosclerotie lesion overhanging the round 
- window niche obliterating about four 
~ “fifths of the niche area. 


^^ 'The:organ of Corti appears to be in- 
¿tact and hair cells can be seen through- 
out. The cochlear neuronal population 
appears to be normal. The stria vascu- 
laris appears normal There are some 
tears of the saccular and utricular walls; 
however, the maculae: and cristae ap- 
E peat to.have normal populations of hair 
' Gels... i + 


: CASE 16 (LEFT EAR) E 

0.5 GW,a-female whose okupadon was 
." "unknown, died at age 58 of unknown 
t cause ( same subject as-case 1). i, - 

3 Otologie History. The opposite (right) 
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ear had a previous stapedectomy and 
fat-wire implant at age 45 (see case 1). 
At the age of 56 a stapedectomy was 
erformed on the left ear. The entire 
ootplate was fixed by a diffuse oto- 
sclerotic lesion. The footplate was re- 
moved completely and replaced by 
areolar fibrous tissue and 4.5 mm Rob- 
inson stainless steel prosthesis. Postop- 
eratively there was closure of the air- 
bone gap which was maintained until 
the time of her death two years later at 
the age of 58 (Fig. 70). 


Histopathology (Left.Ear). The cel- 
loidin block shows a Robinson stainless 
steel piston in excellent position on the 
lenticular process of the incus. Its medial 
end extends to the pósterior margin of 
the oval window where it passes through 
a thick fibrous membrane to protrude 
l mm into the vestibule (Fig. 71). 


Histological study reveals:the end of 
the long process of the incus to be mis- 
sing and presumably avulsed with the 
prosthesis during histological prepara- 
tion. Part of the posterosuperior margin 
of the bony tympanic annulus is missing. 
The tympanic membrane shows artifac- 
tual tears, and there is some undulation 
of the pars propria. The chorda tympani 
nerve has been avulsed from its posterior 
iter and is atrophied distal to this point. 
There is an otosclerotic focus anterior to 
the oval window involving the full thick- 
ness of the cochlear wall (Fig. 72). The 


- stapes is missing except for part of the 


anterior crus which shows otosclerotic 
involvement. ‘The oval . window is 
bridged by a thick fibrous membrane, 
in the posterior part of which is a cylin- 
drical silhouette showing the prior site 
of the piston (Fig. 73). Several foreign 
body giant cells are located along the 
surface of tissue which was in contact 
with the prosthesis. There are blue 
mantles around the semicircular canals. 


The hair cell population of the organ 
of Corti is normal throughout. There is 
a loss of about 30% of the cochlear 
neurons in the basal turn. There is 


. patchy atrophy of the stria vascularis in 
"the middle and apical turns. The sac- 


cular and utricular walls are intact, and 
the maculae and cristae are normal. The 
vestibular nerves are normal. During re- 
moval of the temporal bone the facial 
nerve was avulsed from its canal from 
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SILHOUETTE OF . 
“REMOVED PROSTHESIS ` 


the stylomastoid foramen to the level of 
the second genu. Medial to that point | 
the nerve appears normal. 
DISCUSSION 
A comparison of preoperative bone 


’ OTOSCLEROSIS 


Figs. 64 and 65. (Case 14) BR, left. ear. 





Lh 


conduction thresholds: (average ‘Of. 800, 
1000, 2000 Hz) ànd postoperative. air 





conduction thresholds reveals’ air-bone.. .. 
gaps .of 10 dB. or greater in.six cases. . 


Case l.with a 17 dB gap and ease 12.; 


with a 15 dB gap had prosthesés which 
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Fig. 70. (Case 16) CW, left ear. Pre- 
¿ 0P, X x; Postop, X----x. 





overlapped the margins of oval windows. 
Case 6 with an 11 dB gap had a wire 
prosthesis which was loosely attached to 
the incus. Case 14 with a 48 dB gap 
had a total detachment of a Teflon® 
prosthesis from the malleus. Case 8 with 
a 10 dB gap had a deep posterior re- 
traction pocket of the. tympanic mem- 
brane as well as middle ear fibrosis and 
mild. diffuse resorption of the incus, all 
. of which are consistent with either pre- 
vious. otitis media or surgical trauma. 
Case 10 with an 8 dB air-bone gap had 
a dense fibrous adhesion between the 
lenticular process of the incus and the 


promontory. There is no explanation for 
the 11 dB gap in case 15. 


None of the 15 ears with postoper- 
ative audiograms showed an aggrava- 
tion of preexisting sensorineural hearing 
loss. 


The otosclerotic lesion extended to the 
endosteal membrane of the basal turn 
of the cochlea in six ears (cases 1, 2, 4, 
9. 13 and 16); however, these ears 
showed no greater sensorineural hearing 
loss than the ears without extension to 
endosteal membrane. 


There was a partial loss of hair cells in 
the basal turns of the cochleae in seven 
ears (cases 1, 2, 6, 7, 10, 13 and. 14), 
of which three (cases 1, 2 and 13) oc- 
curred in ears with endosteum involve- 
ment. Fourteen of the 16 cochleae 
showed losses of cochlear neurons in 
the basal turns. There is no evidence to 
indicate whether these losses in sensor- 
ineural elements were caused ‘by oto- 
sclerosis or aging. 


The saccular wall was, collapsed onto 
the otolithic membrane in two ears 
(cases 4 and 14) but there is no evi- 
dence whether this change represents 
artifact or was caused by surgery or 





Fig. 67. (Case 15) BP, left ear. 
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otosclerosis. The hair cell and neuronal showed any local or diffüse reaction to- 
populations of the maculae and cristae the bone. Lamellar bone partly filled 
appeared to be normal in all ears. Bone the perilymphatic space of the posterior. 

chips were seen in the vestibules of two semicircular canal of case 13. There was 

ears (cases 1 and 14), neither of which no otosclerotic bone in this region.Simi- ^ 
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lar lesions have been observed in six 
other ears in our temporal ‘bone collec- 
tion, none of which had otosclerosis or 
surgery. The cause for this bone pro- 
liferation is not clearly evident. 


CONCLUSIONS 


l. Prostheses which. overlap the mar- 
gins of the oval. windows result in an 
incomplete closure of the air-bone gaps. 
This is primarily a complication. of 
methods which employ total removal of 
the footplate, and is caused by either 
improper placement or subsequent mi- 
gration of the prosthesis. This problem 
* can be minimized by:careful centering 
of the prosthesis in the oval window. or 
by the employment of partial stapedec- 
tomy. in association with a piston pros- 
thesis method in which the piston ex- 
tends into the vestibule. s 


2. Fibrous. adhesions are a common 
consequence of trauma to the mucous 
membrane: of the. middle ear. Fibrous 
‘bands which extend between the lentic- 
ular.» process. and. promontory may 
cause incomplete closure of the air-bone 
gap. On the other hand, fibrous tissue 
which extends between the oval window 


and incus in association with the pros- 
thesis appears to-have little effect on 
sound transmission. The occurrence of 
fibrous adhesions can probably be mini- 
mized by avoiding trauma to the mu- 
cous membrane, particularly in the area 
of the promontory. 


3. Gelfoam® implantation following 
total stapedectomy promotes the forma- 
tion of thin oval window membranes; 
however, even the thinnest membrane 
is at least as thick as the round window 
membrane. There is no evidence to sug- 
gest that the thin membrane is an in- 
adequate seal for the oval window. 


- 4, Thin membranes frequently show 
cupping (bulging out of the-oval win- 
dow), as a consequence of which the 
medial ends of the prostheses extend 
through the membranes. This. condition 
appears to have no adverse effect on 


“sound transmission. 


5. Most incudes show small areas of 
cortical bone resorption at the site of 
contact with the prostheses; however, 
the process appears to be self-limiting. 


6. In at least half of the.cases the 
surgical technique of stapedectomy as 
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: Fig. 71. (Case 16) CW, left ear. 
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Figs. 72 and 73. (Case 16) CW, left ear. 


judged from these pathological studies, gical pathology so as ta: better assess 
was less than ideal. Surgeons who per- their techniques and adopt methods. 
form  stapedectomy for otosclerosis which will optimize functional. results 
should be cognizant of the relevant sur- and:minimize complications. ^ - - 
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Recommended whenever, in your judgment, it offers an 
advantage over other antimicrobial agents 
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actrim demonstrates 93% success rate 
in multicenter studies 


High efficacy against major otic pathogens 
Bactrim is highlyeffective against acute otitis media caused by Str. 
pneumoniae (D. pneumoniae) or H. influenzae. An overall efficacy of 93% 
was reported in a multicenter evaluation * of 121 patients with acute otitis 
media due to these organisms. The age range was 2 months to 13 years, with 
an average of 3 years. 


In vitro spectrum includes ampicillin-resistant 
strains of H. influenzae 


Note: Clinical information on the efficacy of Bactrim in otitis media due 
to ampicillin-resistant H. influenzae is limited at present; further studies are 
in progress. 


Useful in patients allergic to penicillins 
Same safety profile as in other indications 


In pooled data* on 238 patients receiving Bactrim for an average of approx- 
imately 10 days, adverse effects were infrequent and not serious. Although 
Serious reactions can occur, none were noted in these studies. Contraindica- 
tions to Bactrim include patients hypersensitive to its components and in- 
fants less than two months of age. 


Note: Bactrim should not be used in the treatment of streptococcal pharyngitis, since the 
incidence of failure has been greater than that of penicillin in eradicating group A beta- 
hemolytic streptococci from the tonsillopharyngeal area. 


*Data on file, Medical Department, Hoffmann-La Roche Inc. 
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Position to start July 1, 1980 to candi- 





date who has completed residency train- 


ing. 





690 bed general hospital. Active intern- 
ships and residencies. To help in teach- 
ing program for Lenox Hill Hospital 
ENT residents and residents on rotation 
from other major ENT training programs 


and: in work of active ENT service. 






Please contact: Wilbur J. Gould, MD, 
Director of Otolaryngology, Lenox Hill 
Hospital, 100 East 77:Street, New York, 
NY 10021. 
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Monday-Friday: 8:00:A.M. - 12:30 P.M. 


Papers and panels on the following 
topics: 


Otoneurology; Head and Neck Trauma; 
Otology, Rhinology; Facial and Recon- 
structive Surgery; General topics such 
as vestibular disorders, sinusitis, nasal 
allergies, etc. 
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NOVAFED® Capsules 


pseudoephedrine hydrochloride 
Controlled-Release Decongestant 


DESCRIPTION: Each capsule contains 120 mg. 
of pseudoephedrine hydrochloride in specially 
formulated pellets designed to provide contin- 
uous therapeutic effect for 12 hours. About one 
half of the active ingredient is released soon 
after administration and the rest slowly over 
the remaining time period. 

ACTIONS: Pseudoephedrine is an orally effec- 
tive nasal decongestant with peripheral effects 
similar to epinephrine and central effects simi- 
lar to, but less intense than, amphetamines. It 
has the potential for excitatory side effects. At 
the recommended oral dosage, it has little or 
no pressor effect in normotensive adults, Pa- 
tients have not been reported to experience 
the rebound congestion sometimes experi- 
enced with frequent, repeated use of topical 
decongestants. 


INDICATIONS: Relief of nasal congestion or 
eustachian tube congestion. May be given 
concomitantly with analgesics, antihistamines, 
expectorants and antibiotics. 
CONTRAINDICATIONS: Patients with severe 
hypertension, severe coronary artery disease, 
and patients on MAO inhibitor therapy. Also 
contraindicated in patients with hypersensitiv- 
ity or idiosyncrasy to sympathomimetic amines 
which may be manifested by insomnia, dizzi- 
ness, weakness, tremor or arrhythmias. 

Children under 12: Should not be used by 

children under 12 years. 

Nursing Mothers: Contraindicated because 

of the higher than usual risk for infants from 

sympathomimetic amines. 
WARNINGS: Use judiciously and sparingly in 
patients with hypertension, diabetes mellitus, 
ischemic heart disease, increased intraocular 
pressure, hyperthyroidism or prostatic hyper- 
trophy. See, however, Contraindications. Sym- 
pathomimetics may produce central nervous 
stimulation with convulsions or cardiovascular 
collapse with accompanying hypotension. 

Do not exceed recommended dosage. 

Use in Pregnancy: Safety in pregnancy has not 
been established. 
Use in Elderly: The elderly (60 years and older) 
are more likely to have adverse reactions to 
sympathomimetics, Overdosage of sympatho- 
mimetics in this age group may cause halluci- 
nations, convulsions, CNS depression, and 
death. Safe use of a short-acting sympatho- 
mimetic should be demonstrated in the indi- 
vidual elderly patient before considering the 
use of a sustained-action formulation. 


PRECAUTIONS: Patients with diabetes, hyper- 
tension, cardiovascular disease and hyper-re- 
activity to ephedrine. 

ADVERSE REACTIONS: Hyper-reactive indi- 
viduals may display ephedrine-like reactions 
such as tachycardia, palpitations, headache, 
dizziness or nausea. Sympathomimetics have 
been associated with certain untoward reac- 
tions including fear, anxiety, tenseness, rest- 
lessness, tremor, weakness, pallor, respiratory 
difficulty, dysuria, insomnia, hallucinations, 
convulsions, CNS depression, arrhythmias, and 
cardiovascular collapse with hypotension. 
DRUG INTERACTIONS: MAO inhibitors and 
beta adrenergic blockers increase the effects 
of pseudoephedrine. Sympathomimetics may 
reduce the antihypertensive effects of methyl- 
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Xomeds total and partial ossicular replacement prostheses are preferred because they are made 
of Proplast.® Clinically proven* Proplast allows for rapid ingrowth of tissue and maintains 
stabilization of the prostheses. Xomed’s ossicular replacements have these preferred features: 


Total Ossicular Replacement Prosthesis 


e Safest, best documented material used in. 
any ossicular replacement prosthesis: 

* Porous ends promote tissue ingrowth and 
stabilization sq e 

* Flared medial end may be trimmed : 
(slightly) to fit any anatomy 

e Shaft body is compressed, non-porous 
Proplast that prevents adhesions ` 

* Available in 5, 6, and 7mm lengths 


Proplast” is a registered trademark of Vitek, Inc. and 
is distributed by Xomed. 


* Summary of clinical data and extensive bibliográphy 


are available on request. 


For the name of your Xomed representative or 
nearest dealer or to place an order, call (800)874-5797 
(in Florida call (904)737-7900 collect); TWX (810) 
827-6439; or write Xomed, Inc., 8641 Baypine Road, 
Jacksonville, Florida, 32216. S 


Pia Ossicwar Replacement Prosthesis 


* Large tympanic pad of Proplast allows 
tissue ingrowth and stabilization 

*. Hollow medial end of shaft fits easily over 
: head of stapes for positive positioning 

e Solid lateral end of shaft permits better 
sound conductance 

e Shaft made of medical grade silicone 
elastomer prevents adhesions‘. - 

* Available in 6mm length 

* Can be trimmed to fit any anatomy 
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Integrated Treatment Center 
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ing. 





690 bed general hospital. Active intern- 
ships and residencies. To help in teach- 
ing program for Lenox Hill Hospital 
ENT residents and residents on rotation 
from other major ENT training programs 


and: in work of active ENT service. 








Please contact: Wilbur J. Gould, MD, 
Director of Otolaryngology, Lenox Hill 
Hospital, 100 East 77 Street, New York, 
NY 10021. 
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January 12-187 1980 
Monday-Friday: 8:00-A.M. - 12:30 P.M. 


Papers and panels on the following 
topics: 


Otoneurology; Head and Neck Trauma; 
Otology, Rhinology; Facial and Recon- 
structive Surgery; General topics such 
as vestibular disorders, sinusitis, nasal 
allergies, etc. 


CME Category 1: 20 credit hours 


For information write: Pan-Pacific Sur- 
gical Association, Room 236, Alexander 
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sharpness. High pre-amplifier input impedance 
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simplify the task of obtaining noise-free tracings. 
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Auditory nerve action potentials ("EAMIMASTOIDS") and brainstem- 
evoked responses ("VERTEXIMASTOIDS") trom a normal ear ("NOR. 
MAL") and an ear with a 2 x 2 cm. acoustic neurinoma lying mostly in the 
intracranial space ("RETROCOCHLEAR"). Compared to the normal ear 
the retrocochlear ear generates a brainstem-evoked response (BSER) 
with prolonged latency, and the interval between action potential (AP) 
and BSER is prolonged. The AP was recorded with a non-traumatic 
electrode in the external ear canal, the BSER was recorded with a vertex 
electrode. Both ear-canal and vertex electrodes were referred to 
paired-mastoid electrodes. Click intensity was 108 dB pe SPL (approx 
78 dB HL). click rate was 10/sec. Each record is an average of 1024 
single responses. Analysis time, 20 msec; system frequency response. 
20-2 kHz 
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MINUTE PERILYMPH FISTULAS: VERTIGO AND HENNEBERT'S SIGN 
WITHOUT HEARING LOSS 


Rosert I. Konur, MD 
Jupirn L. HAENEL, MA 


hoNarp A. Warponr, MS 


James N. THompson, MD 


InviNE, CALIFORNIA 


The clinical entity characterized by episodic vertigo and a positive Hennebert's sign in 
patients without hearing loss is described. The history of perilymph fistulas is reviewed. Min- 
ute perilymph fistulas of the oval window were documented surgically in five consecutive pa- 
tients with this syndrome. All experienced relief of their symptoms after surgical correction. 


Fistula of a labyrinthine window as 
a possible cause of vertigo not associat- 
ed with hearing loss has been alluded 


to for almost a century. The: purpose. 


of this paper is to review the history of 
this subject and .to report five consec- 
utive cases of vestibular 
without hearing loss. In each case, the 
diagnosis of a perilymphatic fistula was 
confirmed at the time of surgical repair. 


LITERATURE REVIEW 


Nylen’s! academic dissertation for his 
medical degree was a clinical study of 
170 cases having labyrinthine fistula 


symptoms and “pseudo-fistula” symp-. 


toms in otitis. The term pseudo-fistula 
was coined four years earlier in 1919 
by Karlefors and Nylen? Nylen‘ in- 
tended this term “to designate those in 
which no labyrinthine fistula, with gen- 
erally an under-destroyed labyrinth, but 
occasionally a destroyed labyrinth, or 
possibly a labyrinthine fistula with de- 
stroyed labyrinth is found, such as the 
pressure, the vascular, the functional 
and those with direct irritation of the 
nerves." 


By that time, 38 cases having Henne- 


berts sign had been described. These 
were almost always attributed to con- 
genital lues. However, the original case 
description in 1905 by Hennebert? was 
a patient without luetic identification. 


symptoms . 


Later, cases having lues, described by 
Hennebert; showed slow eye move- 


- ments towards the healthy ear on aspir- 
,.ation .or-towards the diseased ear on 


compression. It was not long until eye 
movements due to-either rarefaction or 
compression were. considered a positive 


' Hennebert's sigir. Buys? coined the term 
! "Syndrome of: Hénnebett" -He identi- 


fied two components: a= Symptom of 


‘vertigo, and the sign of associated eye 


movements. He considered a positive 


response to the described test pathog- 


nomonic of congenital lues. In 1922 
Robert Lund* took exception to this 
and stated that a negative Rinné and 
the presence of symptoms with "the 
fistula of Hennebert and that of My- 
gind” (a fistula response due to com- 
pression of the carotid artery of one 
side) constituted à more accurate set of 
findings necessary for this diagnosis. 


Earlier, in 1908, three. years after 
Hennebert's description, in papers con- 
cerning patients presumably having 
fistulas, Alexander,? McKenzie'". and 
Leidler'' discussed this popular- topic. 


They were criticized, in that most of the. > : 


cases were not found to have surgically 
confirmed fistulas. This-was 15 years 
before any significant experimentation 
with the use of magnification at sur- 
gery. One of Alexanders cases’ was 
diagnosed as having lues, another oto- 
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sclerosis. The latter diagnosis was made 
because of, among other things, the 
reddish hue behind the intact tympanic 
membrane. 


The location of a fistula by preoper- 
ative evaluation appeared to be a goal 
which was actively pursued during the 
first part of the 20th century. Ruttin'* 
in 1909 had a case in which the fistula 
was found in the oval window. In 1921, 
this same author presented histologic 
evidence for the lack of a fistula in a 
patient having fistula symptoms.? In 
that same year, Ramadier'* attributed 
the fistula sign of Hennebert to ab- 
normal mobility of the stapes with con- 
sequent movément; E endolymph. Thir- 
ty-nine years earlier, in 1882, Gelle" 
attributed the movement-like symptoms 
arising from pressure in the auditory 
canal to abnormal ‘mobility of the stapes 
with stiffness of the round window. 
Likewise, Barany! in 1909. attributed 


the eye movements resulting from air’ 


compression and rarefaction“ within the 
ear canal to abnogmal. mobility of the 
stapes. Almost All work of this era con- 
cerned patients'with obvious otitis. Less 
than 50 cases were in patients with in- 
tact tympanic membranes. 


Nadol* recently presented histologic 
evidence; from a patient who had Hen- 
nebert's sign, vertigo, and hearing loss, 
which demonstrated adherence of the 
membranous labyrinth to the under sur- 
face of the surgically removed stapes. 
The term “vestibulofibrosis” was coined 
and the symptoms resulting from air 
pressure in the ear canal were attrib- 
uted to the direct stimulation of the 
labyrinth by this fiber with stapes 
movement. Similar histological findings 
were demonstrated in specimens of 
Meniére's disease, viral labyrinthitis and 
congenital syphilis. 


In 1967, perilymph fistulas secondary 
to stapes surgery were, at the same 
time, reported by House'* and by Har- 
rison et al? The following year Fee? 
reported perilymph leaks from nonsur- 
gical trauma. A clear picture of hear- 
ing loss with or without vertigo due to 
a nonsurgical perilymph leak of the 
oval or round window was reported by 


Stroud and Calcaterra?! and by Good- 
hill et al.** 


In 1973, Facer et al? reported a case 
having a perilymph fistula of the oval 
window in which vertigo and not the 
35 dB hearing loss was the major symp- 
tom. Healy et al*! in 1974, reported a 
summary of 20 cases having perilymph 
fistulas of the oval and round windows. 
Until this paper, all previous reports 
concerned only patients with hearing 
loss. These authors indicated that two 
of their series of 20 had normal hearing. 
Two years later Healy et al? included 
three additional cases of this type in a 
review of 43 cases of perilymph fistu- 
las. Individual case details were not in- 
cluded in either report. Their indica- 
tions for surgery in patients without 
hearing loss included three findings: 
positional nystagmus of the peripheral 
type, a positive modified Romberg, and 
a positive fistula test. Two of these 
three findings were present before sur- 
gery was considered. A fistula test was 
not considered positive unless eye move- 
ments were observed. ENG tracings 
were not helpful but Frenzel lenses 
were often useful. 


All of the reports which will be pre- 
sented in this paper are of patients with- 
out chronic ear disease, tympanic mem- 
brane perforation, syphilis, or operative 
trauma. They all had a relatively long 
history of episodic vertigo and dyse- 
quilibrium; however, none reported a 
hearing loss. Using conventional methods 
of examination, the only positive find- 
ing common to these patients was a 
sense of position change (vertigo, pul- 
sion, dysequilibrium) and associated 
eye movements when negative pressure 
was applied to the ear canal. This sen- 
sation, when not accompanied by eye 
movements such as conjugate deviation 
or nystagmus, we shall refer to as Hen- 
nebert’s symptom as did Ramadier.'* 
The combination of the subjective sen- 
sation and associated eye movements or 
the eye movements alone are Henne- 
bert's sign. Special methods were fre- 
quently necessary to document these 
eye movements such as ENG and/or 
infrared video recordings.;^ The find- 
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ing were indeed similar to those of cir- 
cumscribed labyrinthitis, yet no perfor- 
ation or inflammatory disease was pres- 
ent. 

CASE REPORTS 


Case 1. A 33-year-old Caucasian male had 
a six-month history of intermittent spells of 
vertigo. Symptoms began when the patient 
sneezed and became violently vertiginous, with 
nausea and emesis. He became apoplectic to 
the point that the ambulance drivers taking 
him to the hospital did not have hope for his 
survival. During hospitalization, he was eval- 
uated with brain scan, arteriogram, and EEG. 
Neurological and psychiatric examinations 
were negative. A diagnosis of a mild brain stem 
infarct was made. Following discharge from 
the hospital, he had intermittent spells of dyse- 
quilibrium, becoming so severe that he could 
ambulate only with assistance. He had no sub- 
jective hearing loss or tinnitus. Six months 
later, because of persistent symptoms he was 
referred for otoneurologic evaluation. His past 
history included a left ear infection at the age 
of ten for which he had a simple mastoidec- 
tomy with no intervening symptoms. 


On physical examination the patient had an 
unsteady gait requiring physical support. A 
positive Hennebert's sign was present in the 
left ear. It should be noted that when initially 
using Frenzel lenses, no eye movements were 
detected. However, during the ENG evalua- 
tion eye movements were recorded when neg- 
ative pressure was applied to the left ear. An 
audiogram showed a slight high-frequency loss 
in the left ear. Discrimination was 100% bi- 
laterally with speech reception thresholds of 0 
dB on the right and 4 dB on the left.. X-rays 
of the temporal bones, including polytomogra- 
phy, were within normal limits demonstrating 
the mastoidectomy defect. Caloric testing 
showed mild dysrhythmia of the nystagmus 
pattern and no asymmetry of response. Calibra- 
tion, optokinetic, pendular tracking and pos- 
tural findings were all within normal limits. 


On exploratory tympanotomy, the mucosa 
of the stapes footplate had a bluish hue and 
appeared slightly bulging. Around the stapes 
footplate was a small accumulation of clear 
fluid which, when suctioned, would slowly re- 
accumulate. Close examination of the stapes 
under X25 magnification showed a slight sub- 
luxation with an inferior tilt. Mucosa was 
stripped from the footplate, adjacent promon- 
tory, and the facial nerve recess about the foot- 
plate. Earlobe fat was placed against the de- 
fect to seal the oval window. 


The day following surgery, the patient no- 
ticed a dramatic improvement and was able to 
ambulate without assistance. He has been fol- 
lowed for 26 months and his postoperative 
hearing is stable at the preoperative levels. 
There has been no recurrence of his vertigo. 


Comment. 'The presumption of a 
brain stem infarct was made in this 


gentleman and resolution anticipated. 
When he did not get well, his problem 
was dismissed as being of psychogenic 
origin. He was advised to take a vaca- 
tion. A plane trip worsened his condi- 
tion. He was further advised to change 
his job. A plane trip to the East Coast 
again worsened his condition. It should 
be noted that he was treated with heavy 
doses of Valium? during more than six 
months of his disability, resulting in a 


dependency on the drug. These details 


highlight a possible mistake: dismissing 
as emotional in origin, unidentified or 
incorrectly identified organic disorders, 
and treating these; with "inappropriate 
drugs and/or dosages. “ss 


Case 2. This 27-year-old Caucasian car- 
penter was referred with a five-month history 
of dizziness, subjective hearing loss and tin- 
nitus. His symptoms: began after a fall from a 
scaffolding, causing unconsciousness for several 
hours. Following’ that, he had difficulty with 
balance; ringing-in his left ear and headaches. 
There was,unsteadiness with staggering to the 


left when walking. Also, there were frequent. 


episodes of severe vertigo that were unrelated 
to movement or positian change. A change in 
visual depth perception was noted by the pa- 
tient. His past history and;review of systems 
were otherwise negative. . 


On physical examination Hennebert’s sign 
was subjectively positive on the left; However, 
no as#otiated eye movement could be seen us- 
ing Frenzel lenses. The remaindér of the ex- 
amination was negative, other than some slight 
scarring of the right tympanic membrane, Au- 
diometric tests showed an SRT of 6 dB bilater- 
ally with a pure tone average of 8 dB on the 
right and 5 dB on the left for the speech fre- 
quencies, There was a loss of 70 dB at 8 kHz 
in the right ear. Speech discrimination was 
92% on the right and 100% on the left. On ap- 
pueris of the Hennebert’s. test, nystagmic 


beats were recorded electronystagmographical- 


ly. No other abnormalities were noted. 


Exploration of the left ear was performed 
and under high power magnification ( X95-40), 
a small subluxation was noted in the anterior 
superior aspect of the stapes anulus. A small 
leak of perilymph was demonstrated at the area 
of subluxation. Mucosa was denuded from the 
area and earlobe fat was used to seal the leak. 
One week following surgery, the patient had 
slight dysequilibrium, which was not as se- 
vere as that experienced prior to surgery. By 
the third postoperative week, the attacks of 
vertigo had ceased and he: could move freely. 
His hearing was.subjectively ‘good. and his tin- 
nitus had disappeared.» > a 


One month later, approximately eight weeks 
after surgery, he had one episode of tí&ünitus 
and vertigo. At that time, Henneberts sign 
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flected mucosa was repositioned in part over 
the autogenous fat. The next day she noted 
improvement of her symptoms. Eight days 
postoperatively, she was free of both the ver- 
tigo and the troublesome dysequilibrium. The 
symptoms have remained abated and her hear- 
ing normal for the three-month follow-up 
period. 


Comment. As in Case 1, this patient 
was incorrectly considered by the physi- 
cians initially seeing her to have an 
emotional basis to her disorder. 


DISCUSSION 


In all of these patients, the only com- 
mon clinical finding was a subjective 
sense of movement when negative pres- 
sure was applied to tlie ear canal after 
achieving a secure seal of the Bruning 
speculum. Special methods were neces- 
sary to document the associated eye 


movements. This was interpreted as a * 


positive Hennebert's sign. The hearing 
in each of the patients was reported as 
unchanged..;Süwmitus was reported by 
some. In a few patients, positional nys- 
tagmus was recotded using ENG trac- 
ings. This was mild {d ‘consisted of a 
few nystagmic beats only. A positive 
Romberg test was? likewise an infre- 
| quent finding, occurring in only two pa- 
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tients. No round window perilymph 
leaks were found in these patients. 


There appears to be a distinct clin- 
ical entity of perilymph fistula causing 
episodic vertigo and dysequilibrium 
without associated hearing loss. As pre- 
viously stressed in articles concerning 
hearing loss, the fistula may be minute, 
demanding close observation at surgery. 
That the minute perilymph fistula was 
the etiologic factor in the symptoms of 


. the cases presented is likely since the 


patients universally responded clinical- 
ly to surgical closure of the perilymph 
leaks. Certainly the presence of free 
perilymph fluid at the oval window 
must be considered an abnormal find- 
ing. 

It is suggested by the findings of the 
patients reported in this paper that 
Henneberts sign may be considered 
positive when there is clearly a subjec- 
tive sense of movement with special 
testing necessary to document the as- 
sociated eye movements. It is also sug- 
gested that this sign is highly consistent 
with the presence of a perilymph fis- 
tula in patients having the associated 
symptoms of episodic vertigo and un- 
steadiness without hearing loss. 
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NINCDS NOTES* 


M 


NATIONAL RESEARCH SERVICE AWARDS s 
Following the January 1979 meeting of the National Advisory Neurological and Communi- ° 
cative Disorders and Stroke Council, NINCDS made twelve National Research Service Awards 
(NRSAs) for Institutional Grants. Ten of these awards were new, and two were renewals. 


NRSA TRAINING GRANTS. 
Applications for NRSA training grants to support programs beginning July 1, 1980, are 
due by June 1, 1979. Application kits can be obtained from Raymond Summers, PhD, Assis- 
tant Director for Manpower Programs, NINCDS, Federal Building, Bethesda, MD 20014. 


NRSA TAX REFUNDS 
National Research Service Award recipients may be eligible for refunds of taxes paid on 
NRSA income since 1974, and may have reduced tax. liability in 1978 and 1979, as à result 
of changes in the tax law. Section 161(b) of the Revenue Act of 1978 (P.L.95-600): specifies 
that an NRSA is to be treated as a scholarship or fellowship grant, reversing IRS ruling 77- 
319 (September 1977). 


TEACHER INVESTIGATOR DEVELOPMENT AWARDS 
In Fiscal Year 1978, NINCDS made 37 Teacher Investigator Development Awards 
(TIDAs), of which 15 were new and 22 were continuations. The TIDA program's aim is to 
recruit and. prepare future teacher-investigators for careers in research and teaching in the 
neurological and communicative clinical disciplines. The awards are intended to bridge the 
gap between early postdoctoral study and secure academic appointments. 


TIDAs provide grantee institutions with support of up to $30,000 of the base salary for 
a selected candidate, a proportionate share of the fringe benefits, a $4,000 annual research 
allowance, and 8 percent of the total award for indirect costs. Awards are for one-year, with 
four additional years of committed support. 


*This column is prepared monthly by the Office of Scientific and Health Reports, National 
Institute of Neurological and Communicative Disorders and Stroke. For. further information, 
write or call Carolyn Holstein, NINCDS/OSHR, NIH Bldg. 31, Room 8A-16, Bethesda, MD 
20014. (301) 496-5751. 
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TABLE 3. HEARING IMPROVEMENT AFTER THERAPY (NO LONG-TERM 
FOLLOW-UP) 
PT with Hearing Caloric 
Pen. . SRT (dB) /Discrim. (%) Resp. 
| for Cong,  Fluct. | Hist. (Min., Serum 
Case Age Syph. Syph. Hearing L. Ear R. Ear Vert. Kobrak) FTA-ABS 
11 76 Nó '. Yes Yes No 70/16 Yes Not Done 1+ 
Resp. 74/56 
12 55. No No Yes 60/72 60/76 Yes Not Done 1+ 
e : 10/100 .. 72/50 
13 44 Yes No No 90/4 Normal Yes Normal 93 
15/80 
14 29 Yes Yes Yes 55/56 55/36 Yes Not Done 24- 
^ 50/15 55/04 
15 46 . No Yes No 50/12 35/44 No Not Done 3+ 
dE. 35/192 20/80 


the beginning of therapy, only one ear 
demonstrated: transient | improvement 
during therapy. None had sustained im- 
provement after therapy. 


CASE REPORTS 


Case 1. This 45-year-old male suffered fluc- 
tuating, progressive, -bilateral sensorineural 
hearing loss over the previous two years that 
was accompanied by attacks of vertigo. He 
was known to have congenital syphilis and had 
received four separate short courses of intra- 
muscular pencillin. An otologic examination 
was normal. Caloric testing showed bilateral 
decreased responses; the initial audiogram is 
shown in Figure 1A. One month after begin- 
ning treatment, he ‘demonstrated an improve- 
ment in the discrimination score in the left 


car from 32 to 64%, however, two weeks after 
completion of treatment, the hearing returned 
to his pretreatment level. Three months later, 
he was treated again with benzathine penicil- 
lin G and prednisone according to the same 
treatment protocol; once more the discrimina- 
tion score on the left ear improved only to re- 
turn to pretreatment levels with the termina- 
tion of therapy. One year later, his hearing is 
maintained by prednisone on a sliding scale 
up to 20 mg orally every other morning. With 
this treatment the speech reception threshold 
in the left ear improved from 45 to 28 dB 
and the speech discrimination score from 32 
to 80% (Fig. 1B). 


Case 5. This 41-vear-old male had suffered 
progressive bilateral sensorineural hearing loss 
and episodic vertigo since the age of 20 years. 


TABLE 4, NO IMPROVEMENT IN HEARING 




















PT with Hearing Caloric 
ite . Pen. SRT (dB) /Discrim. (%) Resp. 

E grein: fom. Cong.  Fluct. i Hist. (Min., Serum 
Casé — Age -Sypli. - Syph. Hearing R. Ear L. Ear Vert. Kobrak) | FTA-ABS 
16 50 No; No .No. 60/24 55/64 Yes Decr. Both — 24 

oh Ae R j ars 
17 60 Yes.» "Yes No 15/84 85/4 Yes Not Done 1+ 
18 48 Yes: Yes Yes 35/96 30/96 Yes pes Both 1+ 
ars 
19 31 No No No 65/68 60/64 No Dem Both 2+ 
ars 
20 76 Yes No Yes 30/92 40/76 No Not Done 1+ 
21 55 Yes No Yes No No Yes Not Done 4+ 
Resp Resp. 
22 65 No No No 76/76 55/72 No Normal 3+ 
2 46 No No No No No No Decr. Both 14- 
Resp Resp. Ears 
24 60 No No No No No Yes Not Done 24- 
Resp. Resp. 
25 44 Yes Yes No 75/64 No Yes Decr. Both 1+ 
Resp. Ears 
26 54 Yes No No 35/100 25/100 No Normal 2+ 
27 57 Yes No Yes No 30/96 Yes Not Done J- 
Resp. 
28 54 Yes Yes Yes 60/28 15/88 Yes Not Done 3+ 
29 48 Yes Yes Yes 25/100 30/96 Yes Not Done 14- 
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Fig. 1. A, B) (Case 1) Long-term al- 
ternate day prednisone therapy resulted 
in improved speech reception and dis- 
crimination in the left ear. 


He was known to have congenital syphilis and 
is legally blind secondary to syphilitic inter- 
stitial keratitis. He had been treated on two 
occasions in the past with intramuscular peni- 
cillin. When he entered the study, he had no 
useful hearing in the right ear, and the hear- 
ing in the left ear had fluctuated for approxi- 
mately nine years. 


Pretreatment ice water caloric tests revealed 
bilaterally decreased vestibular responses. The 
initial audiogram is shown in Figure 2A. After 
one month of treatment, the discrimination 
score improved on the left to 80% and was 72% 
one year following termination of therapy. 
There was no measurable improvement in pure 
tone thresholds (Fig. 2B). 


Case 8. This 66-vear-old female suffered a 
progressive bilateral sensorineural hearing loss 
and episodic vertigo for several years. Attacks 
occurred approximately three times per month. 
The patient denied any knowledge of exposure 
to, or treatment for, syphilis. The ear, nose, 
and throat examination was normal. Caloric 
testing revealed a hypoactive response on the 
the right side. The initial audiogram is shown 
in Figure 3A. The FTA-ABS was 2+. 


Three weeks after the initiation of treat- 
ment, the discrimination score in the right 
ear had improved from 40 to 76%. One month 
after termination of the three-month treatment 
program, discrimination in the right ear had 
increased to 88% (Fig. 3B); other hearing 
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parameters remained unchanged. In addition, 
the patient reported ‘decreased vestibular 
symptoms. One year later an audiogram dem- 
onstrated that the discrimination had deterior- 
ated (Fig. 3C). No further therapy was un- 
dertaken because of the patients age and 
medical problems. 


DISCUSSION 


The coincidental occurrence of sen- 
sorineural hearing loss and a positive 
serology does not prove a causal rela- 
tionship. However, syphilis as a cause of 
hearing impairment was likely in those 
15 patients who enjoyed hearing im- 
provement during therapy. The symp- 
toms of these 15 patients were similar 
in several respects, and hence, in the 
evaluation of other patients with unex- 
plained sensorineural hearing loss, - the 
following symptom complex may be in- 
terpreted as suggestive of syphilitic in- 
volvement of the temporal bone. In all 
but three of these patients, the hearing 
loss was bilateral, but not necessarily ` 
symmetrical. Fourteen of the 15 had ex- 
perienced episodes of vertigo, and fluc- 
tuating hearing occurred in ll of 15. 
Caloric responses were decreased in five 
of the six that were tested; a low dis- 
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Fig. 2. A, B) (Case 5) Patient achieved 
an improvement in discrimination which 
greatly facilitated his use of a hearing aid. 


164 


125 250 500 IK 2k 4K 8K 16K 
m = 











20 20 
30L 430 
40 in š 40 
sol d m p f 50 
60 ig} hos " 

F ; i P d 60 
7OF ~ J x š 7O , 
e poe era J80 
sof oor ja 
loop 7. 100 
Hor EM 6/75 410 

- : 
125 250 500 IK 2K 4K 8K 16K 
; —E 
o o 





AD SRT 64 DISCRIM 88% 10 
AS SRT 44 DISCRIM 92% | 


20 20 
3or 130 
le 





90} 490 

1OOF 4100 

"OT ew n775 ne 
125 250 500 IK 2K 4k 8K 16K 
a a a come | <r —p 2p 

o 





AD SRT 75 DISCRIM 68% 410 








a ee AS SRT 45 DISCRIM 80%  1»o 
30 i 30 
40+ 40 
x 
sof xe ails a 50 
60} we 60 
7oF L470 
80} 80 
90} 90 
100F 100 
nop no 


EH 4/77 








—R 


Fig. 3. A, B, C) (Case 8) Audiograms 
demonstrate an initial improvement in 
SRT and discrimination which „were not 
sustained. 


crimination score was characteristic and 
averaged 454 prior to treatment. These 
symptoms and findings are similar to 
those found in cases of luetic hearing 
loss described by others.^ ^^? 


Pathological examination of temporal 
bones with syphilitic involvement dem- 
onstrates rarefying osteitis and endarter- 
itis with infiltration of round cells and 
multinucleated giant cells.59!9? It is 
theorized that viable treponemes remain 
in certain otic and ophthalmic tissues'?'* 
despite apparently adequate penicillin 
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therapy due to a slow rate of bacterial 
mitosis in latent syphilis.^ Since peni- 
cillin is effective only during the mitotic 
cycle, prolonged treatment with benza- 
thine penicillin G is rational. The cellu- 
lar changes observed in syphilitic in- 


. volvement of the temporal bone probab- 


ly represent an immune response of the 
host to the presence of the treponeme, 
and hence, prednisone therapy should 
be effective in addition. Previous in- 
vestigators have demonstrated improved 
hearing with steroids alone, 5'*'* peni- 
cillin alone,^ and both drugs in com- 
bination^? in acquired and congenital 
syphilis. Sensorineural hearing loss of 
nonsyphilitic origin does not respond to 
prednisone. Although none of these 
studies were strictly controlled, hearing 
improvement, particularly in discrimina- 
tion, was measured in approximately 
35% to 50% of patients. *!*'5* A com- 
bination of penicilin and prednisone 
over a period of at least three months 
probably offers these patients the best 
chance for improvement. 


In this study, hearing improvement 
was demonstrated most often only in 
the discrimination score. This was true in 
8 of 19 patients. Seven of the 19 patients 
demonstrated improvement in both the 
speech reception threshold and discrim- 
ination score; 4 of the 19 demonstrated 
an improvement in speech reception 
threshold only. Of particular interest are 
two patients who experienced improve- 
ment initially but reverted to pretreat- 
ment hearing levels after completion of 
the three-month treatment protocol. Re- 
sumption of long-term steroid doses on 
an alternate day basis returned and 
maintained the initial hearing gains. 
Clinical improvement of hearing with 
steroids supports the concept that audi- 
tory dysfunction in syphilis is secondary, 
at least in part to the inflammatory 
process. Four patients who improved 
during the treatment protocol could not 
be maintained on low dose prednisone 
because of medical contraindications to 
long-term use. 


Failure to respond to treatment by 
14 of the 29 patients may be due to 
several causes. First, the presence of a 
hearing loss and a positive serology may 
have been coincidental and unrelated in 
these patients. Furthermore, although 
prednisone can reduce local inflamma- 


SYPHILITIC HEARING LOSS 


tion and cellular infiltration, it is unreal- 
istic to expect significant improvement 
in hearing when hair cell or neural 
damage has occurred. 


CONCLUSIONS 


1. The common clinical presentation . 


of hearing loss due to syphilis includes 
fluctuating hearing, bilateral involve- 
ment, episodes of true vertigo, de- 
creased caloric responses, and a poor 
discrimination score. 


2. Hearing loss secondary to congeni- 
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tal or acquired syphilis may be partially 
reversed with a three-month treatment 
protocol of penicillin and prednisone, 
although subsequent deterioration in 


hearing may occur. 


-3. Improvement. in discrimination 
score occurs more commonly than im- 
provement in pure tone thresholds. 


4. Continued prednisone therapy can 
maintain hearing improvement in some 
patients who revert to pretreatment 
levels. 
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ADENOIDS AND OTITIS MEDIA WITH EFFUSION 


Jorma RuokoNEN, MD 
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HELSINKI, FINLAND 

At adenoidectomy specimens for bacteriological, virological, and histological investigation 
were obtained from the adenoids of 144 children, 53 of whom suffered from otitis media with 
effusion, or frequently recurring otitis media. Comparison of findings in the children with ear 
diseases with those obtained in the rest of the material showed that Hemophilus influenza was 
cultured from 50% of the specimens from the children with ear diseases, while only 14% of the 
cultures from the other children yielded H. influenza. Virus isolates were made from 17 ade- 
noids. In children with ear diseases a virus was isolated from 28% of the specimens, whereas 
positive isolates were obtained in only 3% of the rest of the specimens. Both findings are sta- 
tistically significant and support the view that the adenoid tissue may play an important role 
in the etiology of otitis media with effusion. The infected adenoid may be the direct source of 
the primary infections, or continuous microbial irritation in the nasopharynx may indirectly be 
the cause of otitis media with effusion, as persistent infection and edema maintain chronic 
dysfunction of the eustachian tube. Thus adenoidectomy may be beneficial in the treatment of 


frequently recurring otitis media, preventing: otitis media with effusion from developing. 


In 1973 an ad hoc committee was 
formed, the aim: being to define "the 


state of the art” of tonsillectomy (TE). 


and adenoidectomy and: to arrive at a 
consensus on management. Nine mém- 
bers of the committee prepared a re- 


port! on current problems Which were | 


discussed at a workshop.:on- tonsillec- 
tomy and adenoidectomy arranged in 
1974. When examining.the available in- 
formation on the diseases of the ade- 
noids and. the :tonsils. the Meommittee 
found that one. of thé main problems 
concerning adenoidectomy' was inade- 
quate knowledge of-anicrobiological cri- 
teria for the diagriosis;of adenoiditis and 
of the pathogenesis and. pathophysi- 


ology of the diseases of the .adenoids.. 


As long as these problems'rémain un- 
solved it is obvious that there will be 


differences of opinion as to'the value., 
of including adenoidectomy in the treat 


ment of diseases associated with ade- 
noid infection, eg, otitis media with ef- 
fusion (OME ). 


Despite an immense number of pub- 
lications on this subject there are only 
a few controlled studies on the effects 
of adenoidectomy or adenotonsillectomy 
(TEA) on middle ear diseases. In 1930 
Kaiser? noticed in a series of 2,200 cases 
(and 2,200 controls) that the incidence 
of purulent otitis media decreased after 
TEA. McKee?^* reported in 1963 that 


there was a decrease of 48% in incidence 
of otitis media in children undergoing 
TEA, or adenoidectomy only, as com- 
pared with children not operated on. 
These results led him to conclude that 
it was the adenoidectomy part of the 
combined operation which was respon- 
sible for the good results. In 1967 Maw- 
son et al? on the other hand, did not 
record any significant difference be- 
tween operated (TEA) and unoperated 
patients in the occurrence of otitis me- 
dia. In Roydhouse's* experience the in- 
cidence of otitis media decreased during 
the first year following TEA, and dur- 
ing the second postoperative year the 
attacks of otitis media were less severe. 
The experimental design of all these 
studies had many limitations mentioned 
in the report by the ad hoc committee. 


There are only a few studies on the 
results of adenoidectomy in the treat- 
ment of children suffering from recur- 
rent otitis media or OME. Gottschalk* 
performed myringotomy in 311 ears at 
the same time as adenoidectomy, find- 
ing mucoid exudate in 164 and serous 
exudate in 94 ears. As a result of this 
treatment 97.6% of the ears with mucoid 
and 95.7% of the ears with serous otitis 
media were free from effusion one 
month after the operation. One year 
later otitis media had not recurred in 
68% of the ears. Bluestone’ suggested 
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TABLE 1. PATIENTS' AGE DISTRIBUTION 











Age Group Group 
(yr) A B Total 
«1 5 0 5 
1 20 3 95 
2 8 3 1l 
3 1 7 8 
4 4 5 9 
5 4 1l 15 
6 4 13 17 
7 1 5 6 
8 2 5 T 
9 0 13 13 
10 0 10 10 
11 2 5 T 
12 0 4 4 
13 2 0 2 
14 0 6 6 
15 0 1 1 
Totals 53 91 144 ` 


that by careful study of the function of 
the eustachian tube by preadenoidec- 
tomy roentgenographic films he could 
better identify the children who would 
benefit from adenoidectomy. Children 
with retrograde obstruction of the eusta- 
chian tube were best suited for ade- 
noidectomy. The size of. the adenoids 


was not necessarily predictive of the’ 


tubal function. 


It is generally agreed that the eusta- 
chian tube must function normally 
order to prevent chronic otitis media 
from developing. In the present study 
we have tried to obtain more micro- 
biological data from the adenoids, since 
chronically infected adenoids necessarily 
affect the state of the eustachian tube 
orifice mucosa and may thus directly 
be a cause of middle ear infections. 


METHODS AND MATERIALS 


During the first six months of 1976, speci- 
mens from the adenoid tissue were taken at 
adenoidectomy performed on 144 children in 
the Department of Otolaryngology of Hel- 
sinki University. Indications for surgery were 
hyperplasia of the adenoids or chronic adeno- 
tonsillitis. The patients were divided into two 
groups as follows: group A, patients suffering 
from OME or frequently recurring otitis media; 
group B, patients without any ear problems. 
The age distribution of the patients in both 
groups is presented in Table 1 


The operations were performed under gen- 
eral anesthesia. The soft palate was retracted 


*Microbiological Associates, Bethesda, MD. 
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with catheters so as to obtain a direct view 
into the nasopharynx which was washed with 
physiological saline. Specimens were taken 
from each patient for bacteriological, virologi- 
cal and histological investigations. In order to 
obtain specimens for bacteriological and viro- 
logical investigation uncontaminated by the 
microbiological flora of the nasopharynx, a 
pair of closed Weil forceps. was pushed into 
the adenoid tissue, opened Bare, and the bi- 
opsy taken. The biopsy ‘to be submitted for 
histological analysis was takén from the ex- 
cised adenoid. It was not always possible to 
obtain three representative Specimens from 
each patient and: thus there arë minor. differ-^ 
ences in the number: of specimens. submitted 
for histological, bacteriological. and" virological 
examinations. For investigation of virus anti- 
bodies a blood. sample was. drawn. from each 
patient on the day of admittance, and later 
another sample was taken from eleven of the 
patients yielding virus, in order:to demon- 
strate a change in the antibody titer. 


‘The bacteriological specimens were studied 
im.the Department of Bacteriology and Im- 
munology of Helsinki . University by routine 
methods, which also include sensitivity. tests. 
The. virological analyses. were performed in 
the Department of Virology. Samples received 
for virus isolation were homogenized in an ice 
bath using a glass tube fitted with Teflon* 
Cylinder. Each suspension was inoculated into 
two tubes of cultured primary human amnion 
cells’ (HA) and five tubes of primary African 
Green monkey kidney cells (MK). The cell 
cultures weré?grown at 37 C in Eagle's mini- 


‘mum essential medium supplemented with 10% 
. calf serum, After inoculation the serum level. 


of the medium was, reduced to 2%. Three of 
the MK*tübes. wére moved to 33 C. The pres- 
ence of ‘paramyxovirus, was investigated in 
these tubes.by. a hémadsorption (HAD). test 


using::55 “erytbrocytes. The er 


gitinea , pig 
tubes.^were observe es second day for 
"Phe. medium of 


cytopathic “effect (CPE): 
these tubes was chagged twice weekly and 
subcultures were ed after 14 days, or 
earlier when CPE as fóund. 


The isolated viruses were identified as to 
type either, by the neutralization (NT) test 
(enteroviruses ) or by the. hemagglutination 
tion: A I) test (paramyxo- | and adeno- 
g eec antisera.? 












The coxsackievirus isolates caused CPE in 
MK čells during the first culture passage. One 
further passage was performed prior to typ- 
ing by NT. Most of the adenovirus isolates 
required to be passed in HA cells before the 
typical CPE could be seen. The medium from 
such tubes was collected and investigated 
for hemagglutinating ability using 0.5% rat or 
monkey erythrocytes, followed by typing by 
the HI test. The parainfluenza virus isolates 
caused HAD on day six; the supernatants 
were treated as above for adenoviruses, this 
time using 0.5% guinea pig red cells. 


To demonstrate virus antibody changes, the 
11 paired sera were diluted fourfold and 
screened in a microcomplement fixation (CF) 
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TABLE 2. RESULTS OF BACTERIAL 
ANALYSES OF SPECIMENS FROM 137 











ADENOIDS 
Group Group 
Organism A Total 
Aerobic bacteria 
Staphylococcus 
aureus 5 19 24 
Staphylococcus 
epidermidis 4 4 8 
Streptococcus : 
hemolyticus - B 
. group: A 3 10 13 
group. B ^s? 0 
not ‘grouped 9 13 22 
Streptococcus 
fecals * |... 0 2 2 
Streptococcus | 
hemolyticus = œ: 11 15 26 
Streptococcus ` 
pneumonia ar MD 18 30 
Neisseria UNE à 
apathogenica., > 9 a) 18 
Hemophilus à 
influenza 205 -** 19 37 
Hemophilus 
parainfluenza © `> A 9 6 
Escherichia coli 1 1 2 
Klebsiella: .. 0 1 1, 
Diphtheroids ``; A 8 12 
Anaerobic bacteria . 
Streptococcus 0 5 wD 
Bacteroids 1 1 “2 
Normal mixed flora — 11 ° 16 27 
Negative culture 9 6 8 
No. of specimens 50 87 137 


test. The paired sera provided by patients 


yielding hemagglutinating viruses were addi- 
tionally tested in the HI test against appropri- 
ate antigens. 

The histological investigation of the biop- 
sies was carried out in the Department of 
Pathology of Helsinki University. The samples 
were stained with hematoxylin and eosin. Spe- 
cial attention was paid to the samples taken 
from patients with viral infections. 


RESULTS 


The bacteriological findings in 137 
tissue specimens from the adenoid are 
presented in Table 2. The most common 
bacteria were Hemophilus | influenza 
(present in 27% of the specimens), 
B-hemolytic streptococcus (26%) and 
Streptococcus pneumonia (22%). When 
comparing the number of positive H. 
influenza cultures among patients with 
OME (group A) with that in controls 


(group B) the difference is statistically 
significant (P<.001). In group A, H. in- 
fluenza was found in 50% of the cul- 
tures, while 142 of the cultures in group 
B yielded H. influenza. Table 3 shows 
the numbers of positive H. influenza 
cultures at each age level in groups A 
and B. In Table 4 the material has been 
classified into three age groups. All age 
groups had greater percentages of posi- 
tive cultures in group A than in group 
B. The difference between the numbers 
of positive H. influenza cultures is sta- 
tistically significant (P<.05) for the age 
group up to three years, insignificant 
for the age group from four to six years 
and almost significant (P<.01) for the 
oldest group. As to the occurrence of 
other bacteria, group A showed no sig- 
nificant difference in comparison with 
group B. 


Successful virus isolates were obtained 
from 17 out of 142 specimens. From one 
adenoid two virus strains were isolated. 
The virus isolates are listed in Table 5. 


. Among all specimens positive isolates 


were obtained in 137. When calculating 
the percentages of positive isolates in 


` the two patient groups, it appears that 
‘in group A, a virus was isolated in 28% 


of the specimens, whereas only 3$ of 
the group B specimens yielded positive 
isolates. The difference is statistically 
significant (P<.001). Table 6 gives the 


. TABLE 3. POSITIVE H. INFLUENZA 
CULTURES FROM INSIDE THE 
ADENOIDS PER TOTAL NUMBER OF 
SPECIMENS AT EACH AGE LEVEL 














Age (yr) Group A Group B 

«1 3/5 0/0 
1 9/19 0/3 
2 5/8 0/3 
3 0/1 0/7 
4 2/3 2/5 

5 3/4 I/11 

6 0/4 3/13 
"7 0/0 2/7 
8 1/2 0/3 

9 0/0 9719 
10 0/0 2/8 
11 1/2 0/5 
12 0/0 0/3 
13 1/2 0/0 
14 0/0 0/6 
15 0/0 1/1 

Totals 25/50 12/87 
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TABLE 4. POSITIVE H. INFLUENZA 
CULTURES FROM INSIDE THE 
ADENOIDS PER TOTAL NUMBER OF 
SPECIMENS IN DIFFERENT AGE 














GROUPS 
Age 
(yr) Group A (%) Group B (%) 
0-3 17/33 (52) 0/13 ( 0 
4-6 5/11 (45) 6/29 Me 
7-15 3/6 (50) 6/45 (13) 
Totals 25/50 (50) 12/87 (14) 


numbers of successful virus isolates in 
both groups at each age level up to the 
age of eight years after which age no 
isolation was made. 


During the period when the present 
material was collected coxsackie A9 and 
B3 viruses were isolated from several 
throat and. feces specimens in the De- 
partment of Virology. Parainfluenza 
virus was isolated from two throat 
samples, and adenovirus 1 from two 
throat and feces samples besides the 
adenoid isolates described here. No ade- 
novirus 2 isolates were made at this time 
except those found in our material in 
patients with OME (group A). 


In the serological studies no antibody 
response to enteroviruses (5 paired sera) 
could be recorded in the CF test. To 
adenovirus three paired sera gave four- 
fold rises, one pair showed a twofold 


rise and in two cases a fourfold drop.: 
was recorded. One paired sera gave a ^ 


twofold rise to parainfluenza 1 in the HI 


test. The results obtained in the HI test- 


mostly agreed with those of the CF 
test. On the whole the antibody titers 
were low. 


TABLE 5. VIRUS ISOLATES FROM 142 











ADENOIDS 
Virus Group A Group B Total 

Adeno 1 4 1 5 
Adeno 2 6 0 6 
Parainfluenza 1 1 0 1 
Parainfluenza 3 1 0 1 
Coxsackie A9 2 1 3 
Coxsackie B3 1 Ï 2 
No. of virus 

isolates 15 3 18 
Total no. of 

specimens 53 89 142 
Percent of virus 

isolates 28.3 3.4 19.7 


TABLE 6. SUCCESSFUL VIRUS ISOLATES 
FROM INSIDE THE ADENOIDS PER 
TOTAL NUMBER OF SPECIMENS AT 

DIFFERENT AGE LEVELS 








Age (yr) Group A Group B 

<1 5/5 0/0 
1 7/20 0/3 
2 0/8 0/3 
3 0/1 0/7 
4 1/4... 0/5 
5 2/4 L/L 
6 0/4 21/13 
ri 0/1. c% 70/5 
8 0/2 "Uv. 1/5 

Totals 


15/49 : 3/52 


The. histological examination of 144 
biopsies revealed that the morphological 
picture was similar in all specimens. 
Chronic adenoiditis with enlargement of 
the follicles and large germinal centers 
were seen. The -crypts were usually 


filled with desquamated cells and de- 


bris. There were no signs of specific 


. alterations. The findings in the adenoids” 


where viral infection had been verified 


. did not differ in appearance from the 


rest of the material. a 


^; 


2 DISCUSSION 
There is evidence®” that OME is the 


‘result of a prolonged inflammatory pro- 


cess in the middle ear where the unre- 
solved acute infection changes into a 


‘chronic secretory disease. It is believed 


that this development can be caused by 
several factors, such as inadequately 
treated acute otitis media and the op- 
portunistic microflora activated during 
treatment with antibiotics. The chroni- 
cally infected adenoid tissue may be one 
causativé agent. The infection in the 
nasopharynx causes chronic edema of 


the mucosa which by sensitive tests?! 


can be shown to lead to eustachian tube 
dysfunction. 


Veltri et al’? have shown that signifi- 
cant alterations in the pathogenic micro- 
bial oral flora occur following TEA, the 
pathogenic bacteria decreasing by 60%. 
They also pointed out that results ob- 
tained in current throat cultures may 
be misleading in a determination of the 
bacterial genesis of acute otitis media. 
They cited other authors who had found 
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discrepancies between the external and 
internal pathogenic microflora in the 
tonsils. Results in agreement with this 
were obtained by one of us (JR) in 
an as yet unpublished study on bacterial 
species of the adenoids in children with 
OME. Here two specimens for cultures 
were taken by two different techniques, 
one from the surface of the adenoid and 
the other from inside the tissue as de- 
scribed earlier in this paper. The bac- 
teriological findings in the two cultures 
from the same patient were so different 
that there is reason to believe that 
routine cultures: from the nasopharynx 
do not give'an adequate picture of the 
adenoid tissue infection, This was one 
of the reasons. why the present study 
was designed to bring out data from 
possibly longstanding infection of the 
adenoids. 


In our material H. influenza was cul- 
tured fróm. inside the adenoid tissue in 
27% of ‘the specimens taken from chil- 
dren with no acute respiratory infection 
(because. of the risk.involved in anes- 
thesia, children’ with acute infections 
were not operated). Inféomparison with 
the result. reported "by ^Nylen,? who 
found H. influenza ir 44 from the naso- 
pharynx of healthy children, our per- 
centage is high. The age distribution of 
our material may partly account for the 
high figure but it is significant that H. 

influenza was cultared much more fre- 
quently from group A than from group 
B specimens. From Tables 3 and 4 it is 
apparent that the disparity in age be- 
tween the two groups doesnot explain 
the higher percentage of positive H. 
influenza cultures from the adenoid tis- 
'sue among children with OME as com- 
pared with children without ear disease. 


Klein and Teele'* published a review 
on virological findings in middle ear 
effusions. In different series of 663 pa- 
tients, altogether 29 virus isolates were 
made, the most common being RS virus 
which was isolated from 22 effusions, 
mostly during an epidemic. From the 
nasopharynx, viruses were isolated in 
23.7%, more than half of them being RS 
viruses found during an epidemic. In 
the present material, a virus was isolated 
from 17 out of 142 adenoids (12.7%) 
and one adenoid yielded two viruses. 
Of these 18 isolates, 15 were from the 
adenoids of children with OME. As seen 


in Table 6, a virus was isolated much 
more frequently from the adenoids of 
children under two years of age. The 
significance of this observation remains 
open since suitable control material is 
lacking, as adenoid surgery is. seldom 
indicated at that age in children with- 
out ear problems. However, in whatever 
way the present material of children 
between the ages of one and five years 
is grouped, the percentages of success- 
ful virus isolates are higher for group A 
than for group B. Two other virological 
findings attract attention. First, the anti- 
body titers were, on the whole, low. 
Second, the only adeno 2 viruses iso- 
lated in the Department of Virology 
during the period when our material 
was submitted for analysis were those 
in our sample. Likewise parainfluenza 
and adeno | isolates were rare in other 
specimens analyzed simultaneously with 
ours. Of these viruses (which were rare 
or were not isolated at all except from 
our specimens) 1l out of the 12 were 
detected in group A which comprises 
the children with OME. These viro- 
logical findings support the claim that 
the viral infection in the adenoids may 
be chronic and that it could be one of 
the causes underlying OME, resulting 
in dysfunction of the eustachian tube or 
recurrent infections of the middle ear. 
This is in agreement with Huebner et 
al who have postulated that adeno- 
viruses may cause a low-grade chronic 
infection of the adenoid tissue, which 
may vary in activity in relation to the 
changes in the host's resistance. 


The results of this study thus support 
the view that the infected adenoid tissue 
may be important in the etiology of 
OME. Infected adenoids may be the 
direct source of the primary infection, 
or a continuous microbial irritation in 
the nasopharynx may indirectly contrib- 
ute to the chronicity of OME, as per- 
sistent infection and edema result in a 
chronic dysfunction of the eustachian 
tube. Our observation that in children 
with ear diseases the microflora inside 
the adenoid tissue is different from that 
in other children supports the opinion 
that adenoidectomy may be beneficial 
in the treatment of patients with OME. 
Especially if surgery is performed at an 
early stage it could help to prevent the 
development of an established, chronic 
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OME when the middle ear irritation and 
eustachian tube dysfunction are also 
maintained from the mastoid source.!*!* 


171 


This may be the reason why in many 
series late adenoidectomies have been 
found to be of less benefit. 


"T" 
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COMPLETION LARYNGECTOMY 


Ernest M. Myers, MD 
JoserH H. Ocura, MD 


Sr. Louis, MISSOURI 


From 1965 to 1975, 452 total laryngectomies were performed at the Washington Univer- 
sity Medical Center, St. Louis, Missouri. Forty-two or 9.4% were completion laryngectomies. 
Completion laryngectomy is defined as the removal of the remaining larynx following an ante- 
cedent -partial laryngectomy. These 42 cases are retrospectively analyzed in regards to original 
conservation surgery, clinical presentation, histopathology and salvage rate. The most common 
indications for completion laryngectomy were: 1) local recurrence, 2) local recurrénce with as- 
sociated severe upper respiratory obstruction, and 3) fistula control. The overall salvage rate 
following completion laryngectomy was 55% (23 patients). The highest rate. was in patients 
with previous hemilaryngectomy (69%), followed by subtotal supraglottic laryngectomy (44%), 
and partial laryngopharyngectomy (14%). There is a high incidence of stomal occurrences (24% 
or 10 patients) associated with completion laryngectomy, particularly in patients with ante- 


cedent hemilaryngectomy. Most indications for completion laryngectomy present early, however, 
all patients must be carefully followed. Both the patient and the otolaryngologist must be ever 


vigilant following conservation surgery. 


In*thé past two decades, great strides 
have been-made in conservation laryn- 
geal surgery., Many lesions. heretofore 
treated with total larytigectomy. are now 
treated with hemilaryngectoniy, subtotal 


supraglottic laryngectomy or partial, 


laryngopharyngectomy. Eradication of 
the malignancy, preservation of the 
voice and protection of the airway are 
the goals of conservation surgery.’ In 
the majority of patients, these goals are 
attainable, provided adherence to estab- 
lished criteria is followed. 


For the overwhelming majority of 
patients, conservation surgery is suc- 
cessful? Unfortunately, there are fail- 
ures. Who are they? How are they 
managed? It is the goal of this retro- 
spective study to answer these ques- 
tions. Specifically, we will examine 
completion laryngectomy as a treatment 
modality for conservation surgical fail- 
ures. 


METHODS AND MATERIALS 


Completion laryngectomy is defined as re- 
moval of the remaining larynx following an 
antecedent partial laryngectomy. 


A total of 42 completion laryngectomies 
were performed between 1965 and 1975. Fol- 
low-up varied from 12 months to ten years, 
with an average of 2.1 years. The youngest 
patient was 34, the oldest 80; the average age 
59.9 years. There were 34 males and eight 





females for a male to female ratio: of 4.3:1. 
Four patients were Negro. 


The original staging of each tumor was in 
accordance with the 1973 supplement to the 
TNM Classification of the International Union 
Against Cancer (IUAC) and the American 
Joint Commission (AJC). 


RESULTS 


Completion laryngectomy was not the 
only treatment modality employed for 
conservation surgical falluies (Table 1). 
It was often combined with pre- or post- 
operative radiotherapy and with radical 
neck dissection. Completion laryngec- 
tomy alone was used in nine patients 
with previous hemilaryngectomy, seven 
with partial laryngopharyngectomy, and 
three with subtotal supraglottic laryn- 
gectomy. Since cervical metastasis was 
not a common indication, completion 
laryngectomy with radical neck dissec- 
tion was a rare treatment modality. 
Eighteen patients had completion laryn- 
gectomy and radiotherapy. Fourteen of 
these 18 patients had had hemilaryngec- 
tomy. 


Most of the completion laryngec- 
tomies were performed in patients with 
previous hemilaryngectomy. They ac- 
counted for 26/42 or 61.92 followed by 
subtotal supraglottic laryngectomy, 9/42 
or 21.4%, and partial laryngopharyngec- 
tomy 7/42 or 16.7% (Table 2). 


From the Department of Otolaryngology, Washington University School of Medicine, St. 


Louis, Missouri. 
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TABLE 1. TREATMENT MODALITIES 











Completion + SEND P 
Original Procedure Laryngectomy + RT CL + RT Total 
Hemilaryngectomy 9 3 : 14 26 
Subtotal supraglottic laryngectomy 3 2 4 9 
Partial laryngopharyngectomy 7 — — 7 
Total 19 5 18 42 


CL - Complication laryngectomy ; RND - Radical neck dissection; RT - Radiotherapy. 


Indications. Local recurrence was the 
most common indication for completion 


laryngectomy (Table 3). This occurred ` 


in 34 patients or 81%. Most of these pa- 
tients (26 or 61.9%) had previous hemi- 
laryngectomy. Local recurrences asso- 
ciated with severe upper respiratory ob- 
struction was the second most common 
indication. This occurred in 13 or 31% 


TABLE 2, COMPLETION 
LARYNGECTOMY VERSUS ORIGINAL 











SURGERY 
Number * 
of Percentage 
Original Surgery Patients of Total 
Hemilaryngectomy 26 61.9 
Subtotal supraglot- 
tic laryngectomy 9 21.4 
Partial laryngo- 
pharyngectomy T 16.7 
Total 42 100 


of the patients. Nine of these 13 patients 
had previous hemilaryngectomy; three 
had subtotal supraglottic laryngectomy; 
and one partial laryngopharyngectomy. 
Emergency tracheotomy was required 
in all 13 patients. Local recurrence asso- 
ciated with cervical metastasis (3 or 
7.1%) was an uncommon finding in all 
categories of conservation surgery. 


Fistula control was the third. most 
common indication. It occurred in five 
(12%) patients. Significantly, four of 
these five patients had previous partial 
laryngopharyngectomy. One had sub- 
total supraglottic laryngectomy. Other 
indications were relatively rare. One pa- 
tient (PLP) had intractable aspiration. 
Another (SSL) had supraglottic steno- 
sis and one (PLP) had a massive wound. 
dehiscence. E 


Surgical Pathology of the « Original 
Tumor.:Most of thé tumors were moder- 
ate to .well-differentiated. However, as 
Table 4 shows, 5 of the 16 patients with 
previous subtotal supraglottic laryngec- 


` tomy and partial laryngopharyngectomy 


had poorly differentiated tumors. One 
tumor (SSL) was a low grade fibro- 
sarcoma. 


Positive margins occurred in 13 (31%) 
specimens. Ten of these 13 had previous 
hemilaryngectomy. 


No tumors were found in six (14.3%) 
specimens. All of these were found in 
postpartial laryngopharyngectomy and 
subtotal supraglottic laryngectomy pa- 
tients. 


Invasion, either direct, lymphatic, 
neural or vascular was a common find- 
ing. Direct invasion was most common 


TABLE 3. INDICATIONS FOR COMPLETION LARYNGECTOMY 














LR t. LR Aspir- 

Original Surgery LR CM withET Fistula ation Other Total 
Hemilaryngectomy 15 2 9 — — — 26 
Subtotal supraglottic 

laryngectomy 3 1 3 1 — lt 9 
Partial 

laryngopharyngectomy — — 1 4 1 1 7 

Total 18 3 13 5 1 2 42 


+Supraglottic stenosis secondary low grade fibrosarcoma. 


*Dehiscent larynx, 


LR - Local recurrence; CM - Cervical metastases; ET - Emergency tracheotomy. 
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TABLE 4. SURGICAL PATHOLOGY OF ORIGINAL TUMOR 











Differentiation Invasion 
Mod- No Mar- Lym- Vascu- 

Original Surgery Well Well | Undiff. Tumor gins? Direct phatic Neural lar 

Hemilaryngectomy 8 16 2 — 10 1 3 l 1 
Subtotal supra- 
glottic laryn- 

gectomy? — 2 3 3 1 1 5 = — 
Partial laryngo- 

pharyngectomy — 2 2 3 2 4 5 l 3 

Totals 9 20 T 6 13 6 13 2 4 


*One case of low grade fibrosarcoma .excluded, 


in partial laryngopharyngectomy pa- 
tients (4/6). Lymphatic, neural and vas- 
cular invasion were. distributed evenly 


among the three categories of conserva- | 


tion surgery. 


Surgical Pathology of the Recurrent: 


Tumor. Again, most of the tumors were 
moderate to well-differentiated: (Table 
5):-No real trends toward undifferenti- 
ated tumors was. noted in, any category 
of previous conservation surgery. 


Positive margins, although rare (7 
specimens ), were particularly common 
in patients with previous subtotal supra- 
glottic laryngectomy. 


No tumor was seen in five specimens. 
: But; as the indications show, not all 
completion laryngectomies were per- 
formed ‘for recurrent tumor. 


Invasion was a common finding (17 
specimens). Ten instances of direct in- 
vasion occurred in postsubtotal supra- 
glottic laryngectomy patients. This high 
incidence seems to be associated with 
. the high. incidence of positive margins 
in subtotal supraglottic laryngectomy 
patients, 


Stomal Recurrences. Ten (24%) pa- 
tients developed stomal recurrences 
(Table 6). This rate is at least twice 
to three times that encountered in most 
series. Eight of these ten patients had 
hemilaryngectomy.: The remaining two 
patients had partial laryngopharyngec- 
tomy and subtotal supraglottic laryn- 
gectomy. Only one patient who devel- 
oped a stomal recurrence survived. This 
high rate of stomal recurrences contrib- 
uted greatly to the mortality rate (9/19 
or 47%). 


Salvage Rate. The overall salvage rate 
was 55% (23 patients). The highest rate 
is in patients with previous hemilaryn- 
gectomy (69%), followed by subtotal 
supraglottic laryngectomy (44%), and 
partial laryngopharyngectomy (14%) 
(Table 7). 


When death occurred, it soon fol- 
lowed completion laryngectomy. Seven- 
teen of the deaths occurred within 24 
months of surgery. Most of the early 
deaths, less than six months, occurred 
in patients who had previous partial 
laryngopharyngectomy (4/5). Death 
was rare beyond two years of comple- 
tion laryngectomy (2 deaths). 


TABLE 5. SURGICAL PATHOLOCY OF RECURRENCE 














Differentiation Invasion 
Mod- No Mar- Lym- Vascu- 

Original Surgery Well Well | Undiff. Tumor gins? Direct phatic Neural lar 

Hemilaryngectomy 8 10 5 3 1 1 — — — 
Subtotal supra- 
glottic laryn- 

gectomy® 3 3 2 — 5 10 — — 2 
Partial laryngo- 

pharyngectomy 1 3 1 2 1 3 — — 1 

Totals 12 16 8 5 7 14 — — 3 


*One case low-grade fibrosarcoma. 
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TABLE 6. STOMAL RECURRENCES 











Number Percentage 
of of Pa- 
Original Surgery Patients — tients (42) 
Hemilaryngectomy 8 19.0 
Subtotal supraglot- 
tic laryngectomy I 2.4 
Partial laryngo- 
pharyngectomy 1 2.4 
Total 10 24.0 
DISCUSSION 


Hemilaryngectomy. The 26 patients 
requiring completion laryngectomy fol- 
lowing hemilaryngectomy are derived 
from a pool of 238 hemilaryngectomy 
patients for an incidence of 11%. Bauer 
et al? found a 10% recurrence rate (11/ 
111 patients). These authors found a 
high percentage of recurrences associ- 
ated with positive margins. Patients with 
positive margins were found to have a 


local recurrence rate three times that of, 


patients with negative margins. How- 
ever, they found that only one in five 
patients with positive margins develop 
a local recurrence. Unfortunately, as 
these authors show and this series con- 
firms, histopathological examination of 
the original specimen gives no clue to- 
ward predicting which patients will de- 
velop recurrences. 


There is a tendency for hemilaryn- 
gectomy patients to develop big, late 
recurrences. De Santo et al, in a recent 
study, made a similar observation. In 
contrast to supraglottic recurrences, 
recognition of glottic cancers is delaved. 
Our results indicate that one third of 
the hemilaryngectomy recurrences re- 
quired emergency tracheotomy. 


Other authors^? have cited the rela- 
tionship of stomal recurrences with 
emergency tracheotomy. Our data con- 
firms this and shows a high association 
with hemilaryngectomy. 


More than any other conservation 
surgical procedure, the margin for error 
in hemilaryngectomy is small. Due to 
the paucity of glottic lymphatics, wide 
margins of resection are not necessary.? 
However, aside from unpredictable tu- 
mor behavior, some of our failures are 
linked to positive margins and erroneous 
evaluation of tumor margins.'^ There is 


+ currences, 


a technical and judgmental fine line be- 
tween sacrificing half versus. a whole 
larynx. This may account for the in- 
creased incidence of & ADM laryn- 
gectomy following hemilaryngectomy. 


In short, despite. careful follow-up 
examinations, hemilaryngectomy pa- 
tients may develop recurrences years 
after surgery. 


Subtotal Supraglottic Laryngectomy. 
Completion laryngectomy following 
subtotal supraglottic laryngectomy is 
rare, Our nine. recurrences are derived 
from a pool of 134 subtotal supraglottic 
laryngectomy patients for a 6.7% inci- 
dence: i 


There is encouraging reason for this 
small number of recurrences. In general, 
subtotal supraglottic. laryngectomy is a 
very -successful conservation procedure. 
The . threé-year . deterntinate survival 
rate, .based on the “T” classification | is 
as follows: T, - 82.5%; T; - 79%; T,- 70%; 
and T, - 67%. © i 


In contrast to hemilaryngectomy re- 
post subtotal supraglottic 
laryngectomy recurrences appear rapid- 
lv (Fig. 1). Our experience parallels 
that of McDonald et al? who found 
93% recurred within two years of the 
original surgery. An appearance beyond 
three years is very rare. Significantly, in 
contrast to hemilaryngectomy , recur- 
rences, these recurrences are easily de- 
tected. 


Partial Laryngopharyngectomy. The 
seven recurrences following partial la- 
ryngopharyngectomy are derived from a 
pool of 74 patients for a 9.5% incidence. 


Eisbach and Krause”? found cure rates 
of 10-56% and local recurrences from 
5-58% for pyriform cancers. In his histo- 


TABLE 7. SALVAGE RATE AFTER 
COMPLETION LARYNGECTOMY 











Number of Salvage 

Original Surgery Patients Rate 
Hemilaryngectomy 18 69% (18/26) 
Subtotal supraglot- 

tic laryngectomy 4 44% (4/9) 
Partial laryngo- 

pharyngectomy 1. 14% (1/7) 

Total 23 


Overall salvage rate is 55%. 
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` Fig. 1. Time between original surgery and completion laryngectomy. Hemi - Hemi- 


gectomy. 


pathological analysis of 51 patients with 
pyriform cancers, Kirchner! found that 
. the larger lesions deeply invade the 
larynx and resemble transglottic cancers 
in theif pattern of spread. They may 
infiltrate the posterior cricoarytenoid 
muscle and joint or involve the recurrent 
laryngeal nerves. They may also escape 
the larynx through the cricothyroid 
membrane. Once the thyroid or cricoid 
eartilages are invaded, there is an asso- 
ciation with pyriform apex involvement. 
Despite this pattern of spread, often- 


times the patients. present only mildly. 


syrhptomatic with a well-developed le- 
sion. Pyriform (and marginal) lesions 
are truly special and deadly. Our overall 
salvage rate is comparable. However, 
despite close. follow-up and aggressive 
treatment, the salvage rate with comple- 
tion laryngectomy has been disappoint- 
ing. : 
CONCLUSIONS 
l. In general, completion laryngec- 


tomy is a successful treatment modality 
for conservation surgical failures. It is 


very successful in hemilaryngectomy ` 


failures, moderately successful in sub- 
total supraglottic laryngectomy failures, 
and disappointing in partial laryngo- 
pharyngectomy failures. 


laryngectomy; SSL - Subtotal supraglottic laryngectomy; PLP - Partial laryngopharyn- 


2. The indications for completion la- 
ryngectomy present early for subtotal 
supraglottic laryngectomy and partial 
laryngopharyngectomy failures, often- 
times within one year of conservation 
surgery. However, hemilaryngectomy 
patients must be carefully followed 
since their recurrences may present years 
after original surgery. 


3. The most common. indication for 
completion laryngectomy is local recur- 
rence, particularly in cases associated 
with acute upper respiratory obstruc- 
tion. A high percentage of recurrences, 
especially following hemilaryngectomy, 
require emergency tracheotomy. 


4. There is an extremely high inci- 
dence of stomal recurrences after com- 
pletion laryngectomy. This is particu- 
larly striking in patients with antecedent 
hemilaryngectomy. Stomal recurrences 
are a major contributor to the overall 
mortality following completion laryn- 
gectomy. 


The otolaryngologist and the patient 
must be very vigilant. Any change in 
voice, shortness of breath, ete must be 
investigated. Any new lesions, no matter 
how innocent in appearance, must be 
biopsied. 
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FIFTH BRITISH ACADEMIC CONFERENCE IN OTOLARYNGOLOGY E 


The Fifth British Academic Conference in Otolaryngology will be held July 22-27, 1979, at 
the University of Birmingham (U.K.). Master will be Sir Geoffrey Bateman, S. "Thi 


"This 


conference has academic and scientific programs with distinguished international contributors 
to discuss a wide range of modern developments within the specialty. 


Morning plenary sessions will be held with papers from invited speakers. Open panel dis- 


cussions 


be a significant feature and instructional sessions will 


o take place as well as 


audiovisual programs. Finally there will be a scientific and trade exhibition. 
For further information and application forms write: V. Hammond, FRCS, 55 Harley Street, 


London WI, England. 
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Combined therapy, consisting of 5000 rads delivered in five weeks followed by total laryn- 
gectomy + radical neck dissection, was compared with treatment by irradiation (6000-7000 
rads) with surgical salvage when clinically possible for radiation failure. Patients were cate- 
gorized according to site-of primary cancer ( glottic, supraglottic and pyriform sinus) and staged 
(T, N, M). Survival was equally good in the two programs for glottic and supraglottic lesions, 
No or. Ni. The combined treatment program was judged superior for supraglottic and pyriform 


sinus lesions, N; or Ns. 


In an effort to improve the overall 
salvage rate for patients with stage III 
and IV squamous cell carcinoma of the 
larynx and hypopharynx, many authors 
have advocated .combining irradiation 
and surgery.^? However, there remains 
controversy as.to: whether the irradia- 
tion should. bé given pre- or postoper- 
atively.** With respect to preoperative 
irradiation, some"? advocate a low-to- 
moderate dose, "while others*^* prefer 
a moderate-to-high dose. Since 1968, 
: our multidisciplinary group has prac- 
ticed high dose irradiation (5000-6000 
rads/ 5-55 weeks) followed four to six 
weeks later by total laryngectomy with 
radical neck dissection for patients with 
stage III and IV laryngopharyngeal 
cancer. 


This review will evaluate the survival 
results of this combined therapy pro- 
gram and compare them with those 
found. in a. similar group of patients 
treated by irradiation alone, some of 
whom required surgical rescue for re- 
currence. We have reported previously? 
that there is no difference in the major 
complication rate with this high dose 
preoperative treatment program com- 
pared to that of surgical treatment alone. 


MATERIAL AND TECHNIQUE 


From January 1968 through June 1975, 68 
patients were entered into the high dose pre- 


operative irradiation program. An additional 
44 patients, judged unable physically or psy- 
chologically to tolerate the required operation, 
received irradiation only; of this group, 11 
later submitted to surgery because of recurrent 
tumor, 


All had biopsy proven squamous cell car- 
cinoma. All had smoked more than one pack 
of cigarettes per day for many. years. Alcohol 
ingestion varied from none to heavy. The age 
and sex distribution are shown in Table 1. All 
have been reclassified retrospectively accord- 
ing to the system recommended by the Ameri- 
can Joint Committee Classification of 1977” 
(Table 2). 


. . Sixty-one of the 68 patients entered com- 


pleted the planned combined treatment pro- 
gram; 7 did not. Five developed distant me- 
tastases before the scheduled operation, one 
refused surgery after completing irradiation 
and one died of myocardial infarction after 
his third treatment; irradiation was not con- 
sidered a contributory factor in this death. AII 
44 patients completed the planned irradiation 
only program. 


Irradiation was accomplished entirely by su- 
pervoltage teletherapy, employing either a co- 
balt-60 unit or a 4 MV linear accelerator. 
Prior to 1973, patients were treated through 
large, opposed, equally-weighted lateral fields 
to encompass the primary site and cervical 
lymphatic channels. As experience demon- 
strated the relative safety of the program, a 
matching lower anterior neck field was added 
to irradiate electively the lower neck and su- 
praclavicular fossae. A minimum tumor dose of 
5000 rads was chosen for the combined group, 
as evidence had slowly accumulated indicating 
a high degree of control of microscopic tumor 
deposits and a profound effect on larger tu- 
mors in this dose range." * 
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TABLE 1, AGE AND SEX DISTRIBUTION 








Male Female 

Age (yr) G R C R 

40-49 6 1 2 = 

50-59 24 13 2 3 

60-69 2] 13 4 5 

70- 8 9 1 — 
Total 59 36 9 8 

C - Combined treatment group mean age: 60 
years; R - Irradiation alone mean age: 62 
years. 


For the irradiation alone group, treatment 
was given in the same fashion to 5000 rads, 
but then continued to 6000-7000 rads through 
coned down fields whenever possible, depend- 
ing upon the original tumor extension, response 
and degree of reaction. The lower anterior 
neck field was usually discontinued after 5000 
rads at 3 cm depth. In both groups, treatment 
was given at a dose rate of 200 rads per day, 
five days per week, over a period of five to 
six weeks. Each field was treated each day. 


For the combined group, wide field total 
laryngectomy with ipsilateral radical neck dis- 
section was performed following a rest period 
of four to six weeks after completion of the 
preoperative radiation dose of 5000 rads. 
Staged contralateral neck dissection was done 
if indicated. The surgical techniques and post- 
operative management program have been de- 
scribed elsewhere.’ 


RESULTS 


Recurrence Pattern. All patients have 
been followed for two to ten years or 


TABLE 2. STAGE” 








Combined Therapy/Radiotherapy Alone 





Glottic Primary 


T, T: T: T5 Total 
No — —— 1/4 6/1 7/5 
Ni — 0/1 1/0 3/0 4/1 
N: — — — 2/0 2/0 
N; — — — 3/0 3/0 
Total — 0/1 2/4 14/1 16/6 

Supraglottic Primary 

T, T: T; y Total 
No — 3/4 9/2 12/6 
Ni 0/1 1/4 3/3 5/5 9/13 
N: — 1/0 — 2/1 3/1 
N: — — 2/1 10/4 12/5 
Total 0/1 2/4 8/8 26/12 36/25 

Hypopharyngeal Primary 

T, T: T; Ey Total 
No — — — 3/2 3/2 
Ni — 1/0 3/0 0/1 4/1 
N: 1/0 2/1 1/0 2/3 6/4 
N: — 1/1 1/2 1/3 3/6 
Total 1/0 4/2 5/2 6/9 16/13 








Fig. 1. Cumulative recurrence rate in 
the combined treatment and irradiation 
groups. : 


until death. For those who received 
combined treatment, all but one recur- 
rence were evident within two years; 14 
of the 19 recurrences were noted within 
12 months from the first day of irradi- 
ation (Fig. 1). There were 30 recur- 
rences in the irradiation only group; 28 
of them developed within one year and 
2 during the second year. Eleven of 
these 30 patients with recurrence under- 
went various forms of. salvage surgery; 
6 of these 11 developed further recur- 
rence, all within six months of operation. 


Survival Result. Fifteen of 61 patients 
who completed the combined treatment 
program and 6 of 44 patients treated by 
irradiation alone had  glottic . lesions. 
Eight of the 15 “glottic” patients in the 


‘combined group are alive withotit evi- ` 


dence of disease for two to ten years and 
five of six treated with irradiation are 
alive with no evidence of disease for two 
to nine years, one being salvaged by 
rescue surgery. Survival according to 
stage of disease is shown in Table 3. 
Although the overall survival result for 
patients with glottic lesions appears bet- 
ter in the irradiation alone group, this 
is due to an unequal accumulation of 
patients with positive neck nodes in the 
combined treatment group. Patients with 
T. but N, were salvaged equally in the 
two groups; six of seven patients in the 
combined treatment program and four 
of five in the irradiation alone group. 


Six of the seven deaths in the com- 
bined therapy group were due to cancer 
and the seventh of intercurrent disease 
at one year with no evidence of cancer. 
The one death in the irradiation alone 
group was due to recurrence of cancer. 


Supraglottic lesions were encountered 
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to one group or the other. However, the 
salvage rates for advanced glottic and 
supraglottic primaries with N, or N, 
nodes are close enough to recommend 
primary irradiation as a reasonable 
choice of treatment, with particular ad- 
vantage when voice preservation is im- 
portant. Even for hypopharyngeal le- 
sions, the result might be quite different 
if all patients with recurrence after ir- 
radiation had received salvage surgery. 
Combined treatment appears to be 









superio patients with N. or N, 
nodes. , à statistically controlled, 


randomized, prosp ¿study will be 
necessary if these impressions are to be 
proven to everyone's satisfaction. 


SAGERMAN ET AL 


CONCLUSION 


High dose preoperative irradiation 
followed by radical surgery can be 
accomplished without a prohibitive in- 
crease in complications for advanced 
squamous cell carcinoma of the laryn- 
gopharynx. Survival results are better 
with the combined treatment program 
for hypopharyngeal and supraglottic 
lesions with N, or N, nodes, but similar 
for glottic and supraglottic lesions with 
N, or N, nodes, when compared with 
those of irradiation + salvage surgery. 


A cooperative, randomized, prospec- 
tive study is necessary to refine the data 
available in the literature. 
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CEFAZOLIN PROPHYLAXIS IN HEAD AND NECK CANCER SURGERY 


Gary D. Becker, MD, FACS 
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PANAMA City, FLORIDA 


This study evaluated the prophylactic use of cefazolin in reducing th 
tion in patients undergoing cancer surgery where the upper aerodigestive: 
from the neck. A prospective, randomized, double-blind design was @ 
pital. The patient was given placebo or cefazolin, 1 gm. intram 







ducted in a single hos- 
arly with the preoperative 


medications, then 0.5 gm every six hours for four doses. Of 55 determinate patients, 32 received 
antibiotics and 23 placebo. Infection rate was 38% (12/32) and 87% (20/23) respectively, rep- 
resenting a statistically significant reduction in infection (P <0,001). There were 30 wound 
and two nonwound (sinusitis and pneumonia) infections. In conclusion, the perioperative use 
of cefazolin in patients undergoing cancer surgery where the oral cavity or pharynx has been 
entered from the neck is useful in reducing the incidence of wound infection.’ 


Wound infection commonly’ compli- 


cates cancer surgery which requires 


opening the mucosa of the upper aero- 
digestive tract from the neck, thereby 
contaminating the wound with resident 
bacterial flora. Antibiotics are frequent- 
ly given prophylactically under these 
circumstances even though there is little 
statistically valid evidence from con- 
trolled studies that prophylaxis is bene- 
ficial in this type of surgery. 


Chodak and Plaut! reviewed the liter- 
ature from 1960 to 1976 dealing with 
prophylactic antibiotics in surgery and 
concluded that they were of value in re- 
ducing wound infection after abdominal 
and vaginal hysterectomy, cesarian sec- 
tion, biliary surgery, total hip replace- 
ment and microneurosurgical craniot- 
omy. Of 131 articles reviewed, only 24 
were properly designed so that eval- 
uable data were generated. Of the sev- 
eral articles dealing with head and neck 
surgery, they felt that study groups were 
too small to support firm conclusions. 
Seagle et al? recently reported on the 
perioperative use of cefazolin in patients 
undergoing head and neck surgery and 
demonstrated a significant reduction in 
infection rate in the cefazolin group. 


This study, however, suffered the fol-”’ 
lowing shortcomings: patients from three 
hospitals with both” benign and malig- 
nant lesions were combined, as were 
distant and wound. infections; the au-. 
thors did not define patient and opera- 
tive variables or wound infection; pa- 
tients were observed by several physi- 
cians; operative procedures: were riot 
listed; bacteriologic results were sketchy 
and methodology was not enumerated; 
and: only 34 patients were in the deter- 
minate (skin to mucosa) group. 


This study evaluated, in.a prospective, 
double-blind randomized design, the 
prophylactic use of cefazolin in reducing 
the incidence of wound infection in pa- 
tients undergoing cancer surgery which: 
required opening the mucosa of the up- 
per aerodigestive tract from the neck. 


METHODS AND MATERIALS 


In all patients a written, informed consent 
was obtained after carefully explaining the 
purpose of the investigation. This study was 
approved by the Research Committee and 
Subcommittee for Human Studies at the Vet- 
erans Administration (VA), Wadsworth Hos- 
pital Center. 


All patients with cancer of the upper aero- 
digestive tract which would require excision 


From the Section of Head and Neck Surgery, Veterans Administration, Wadsworth Hospital 
Center, Los Angeles, California. This study was supported in part by a grant from Smith, Kline 
and French Laboratories, Philadelphia, Pennsylvania. 
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conspicuous:by its absence. Most major 
aerobic pathogens and all anaerobes ex- 
cept B. fragilis are relatively sensitive to 
cefazolin.” This, as well as the fact that 
the potential toxicity `of cefazolin com- 
pared to infectious- morbidity is very 
low;'?!? are reasons for choosing cefazo- 
lin for prophylaxis. Animal experiments 


as well as clinical trials on humans have. 


demonstrated a "decisive period" in 
which a potentiàl wound infection may 
be suppressed with antibiotics." This 


. time period is calculated from the onset ` 


of bacterial tissue invasion and lasts for 
about three hours. Antibiotics given after 
this time will not prevent infection. 


BECKER-PARELL 


This study demonstrated the effec- 
tiveness of the preoperative use of cefa- 
zolin in reducing the incidence of wound 
infection. Thirty-eight percent of the 
cefazolin group developed wound in- 
fection, perhaps due to continued sali- 
vary leakage through an incontinent su- 
ture line after antibiotic tissue levels had 
decreased. This suggests that antibiotic 


` use for a longer period of time may be 


indicated. Antibiotic use of less than 
three to five days should not alter the 
normal protective oral flora." Future 
studies should evaluate individual pro- 
cedures, methods of closure and length 
of antibiotic prophylaxis. 
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Two cases of unsuspected intralabyrinthine schwannoma are reported and the literature is 
reviewed. The mean age of the patients was 56 years, with the most common symptoms being 
hearing loss, dizziness, and tinnitus. All patients demonstrated a profound sensorineural hearing 
loss with low discrimination scores, and recruitment was elicited in two patients, A radiographic 
evaluation was negative in all but one case. Five of the six patients had a preoperative diag- 
nosis of Méniére's disease. Transcanal labyrinthectomy was employed to remove tumor in all 
patients. This review suggests that a patient, presenting with symptoms of atypical Méniére’s 


disease and negative radiographic evaluation, should alert the'surgeon to the possibility of an 


intralabyrinthine schwannoma. 


Since Mayer! first reported an acous- 
tic neuroma in the labyrinth in 1917, 
numerous temporal bone reports have 
confirmed the existence of primary in- 
tralabyrinthine schwannomas.^? It was 
not.until 1972 that Wanamaker," and 
later that same year, Karlan et al"! re- 
ported the first two surgical cases of 
primary intralabyrinthine schwannomas. 
Subsequently, there have been two ad- 
ditional cases reported in the English 
literature.'?'? These previous cases have 
been reviewed, and two additional cases 
are described. 


Comparisons are made on age, sex, 
symptomatology, physical and labora- 
tory findings, preoperative diagnosis, 
type of operation, and on the follow-up 
of the patients. 


CASE REPORTS 


Case 1. R.O. is a 52-year-old male 
with a 20-year history of intermittent, 
paroxysmal vertiginous attacks unrelated 
to meals or time of day. The attacks 
initially lasted two to three seconds and 
were related to any type of movement. 
The initial audiogram revealed a sloping 
sensorineural hearing loss in the right 
ear (Fig. 1), with a 4,000 Hz notch in 
the left ear. Seven years prior to ad- 
mission, the vertiginous episodes in- 
creased and were associated with tin- 
nitus. An ENG revealed occasional left 
beating nystagmus in the left side down 





position at a rate. of 78°/sec. Caloric 
tests demonstrated no response to warm 
water, but minimal response (7°/sec) 
to cold water.in the right ear. The re- 
sponse in the left ear was judged to be 
normal. Standard petrous apex films, as 
well as polytomography, were interpre- 
ted to be within normal limits. A Pant- 
opaque? posterior fossa study was re- 
fused by the patient. He was lost to 
follow-up until 1976, at which time he 
returned, complaining of monthly ver- 
tiginous episodes, which lasted from one 
to two days. Evaluation of the right ear 
revealed further deterioration of his 
auditory and vestibular function. Poly- 
tomography of the internal auditory 
canal remained normal. Since the pa- 
tient's vertiginous attacks were incapac- 
itating, he was scheduled for a trans- 


canal labyrinthectomy with a preoper- 


ative diagnosis of Méniére’s disease. 


At the time of surgery, after removal 
of the stapes, a tumor was seen com- 
pletely filling the vestibule. After the 
oval and round windows were communi- 
cated, this fleshy mass was removed 
piecemeal from the vestibule and the 
basal turn of the cochlea. The patient 
tolerated the procedure well and ex- 
perienced an unremarkable postopera- 
tive course. Histological diagnosis was 
schwannoma (Fig. 2). Two months post- 
operatively, the patient was evaluated 
by a CAT scan and posterior fossa 
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to the: subarachnoid space. Four ham- 
sters^developed choroid plexus papil- 
lomas with: one invading the cochlear 
aqueduct and internal auditory canals. 





The tumors’ were'shown to be virus 
induced bythe, demonstration of papo- 


»vavirus T.antigen in cells pon from 


à sarcoma and: a choroid plexus papil- 
loma as well'as the production of anti- 
body SV,;.T antigen: in most hamsters 
with tumors. The SV,, virus does not 
replicate in tlie hamster. Therefore, its 
initial distribütion after percutaneous 
inoculation should’ be’ similar to the dis- 
tribution of other colloidal particles. In 
a previous study of viral infections of 
the inner ear of neonatal ‘hamsters, per- 
cutaneous inoculation of India ink was 
found to:be distributed in the temporal 





subcutaneous space, middle ear, peri-. 


lymph and endolymph of the inner ear, 
and the subarachnoid space. via the 
patent cochlear aqueduct.’ 
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In the present study, transformation 
of cells lining the perilymphatic and 
endolymphatic spaces was not found. 
Furthermore, no neural or Schwann cell 
tumors developed. Sarcomas invading 
the temporal bone presumably arose 
from the transformation of fibroblasts 
along the needle tract in the subcutane- 
ous space or around the temporal carti- 
lage. The choroid plexus papillomas 
presumably arose from transformation 
of choroid plexus cells by virus passing 
from the perilymph into the subarach- 
noid space and ventricular system. 


In man choroid plexus papillomas 
have been found in the cerebellopon- 
tine angle that reached the. internal 
auditory meatus and invaded. the tem- 
poral bone.!^'* Likewise, sarcomas have: 
been reported to invade the temporal 
bone)? However, the more common 
tumors of the temporal bone were not 
seen in this study. 
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TABLE 1. SYMPTOMATOLOGY TABLE 2. OBJECTIVE FINDINGS 

Patients Physical Patients 

Symptoms No. % Findings No. * 
Hearing loss 6 100 Normal exam 4 67 
Vertigo 5 83  Ataxia 2 33 
Tinnitus 4 67 Nystagmus 1 17 
Unsteadiness 4 67 

Headaches 1 17 pattern. In Weymullers case,'? the pa- 


There was no predilection for sex or 
ear. 


The most common symptoms were 
hearing loss, unsteadiness or vertigo, 
and tinnitus (Table 1). Hearing loss, 
although present in all of the patients, 
was the primary presenting complaint 
of only two subjects. Either unsteadiness 
or vertigo were the presenting com- 
plaints of four of the six patients. Un- 
steadiness was frequently noted in the 
early stage of this disease dnd pro- 
gressed to true vertigo. It is possible 
that this difference reflects the different 
origins of intralabyrinthine and internal 
auditory canal schwannomas, since the 
predominant presenting symptom in in- 
tracanalicular tumors is neurosensory 
hearing loss, rather than vertiginous 
episodes. 


Table 2 demonstrates that 67% of 
these patients had normal ENT and 
neurological examinations. Nystagmus 
and/or ataxia were present in two of 
the six patients, with one patient! hav- 
ing both first degree nystagmus to the 
left, as well as ataxia. While all the pa- 
tients in this series had normal ear ex- 
aminations, Schulze and Kleinsasser'* 
have recently reported a seventh case 
of a primary intralabyrinthine neuroma 
which extended into the middle ear, 
providing visualization of the tumor pre- 
operatively. 


The diagnostic studies on these pa- 
tients are consistent with a schwannoma. 
Three of the six patients had no vestib- 
ular response to calorics. Electronystag- 
mography was performed on Weymul- 
lers case'? and also on our first case, 
but in neither patient did it add any 
additional information to caloric evalu- 
ation. 


Audiograms revealed a profound sen- 
sorineural hearing loss in all of the cases 
with the majority having a descending 


tient also demonstrated a fluctuating, 
flat loss at the lower frequencies. In 50% 
of the cases, the severity of the hearing 
precluded further evaluation. The dis- 
crimination score was markedly dimin- 
ished in the three remaining cases, and 
recruitment was observed in two of 
them. 


The different clinical and laboratory 
pictures of schwannomas, arising in the 
internal «auditory canals and those 
limited to the labyrinth mày be ex- 
plained on the basis of different patho- 


‘physiological mechanisms. The vast ma- 


jority of tumors arise from the schwann 
cells of the vestibular nerve within the 
internal auditory canal. Hearing loss, the 
usual presenting symptom of these tu- 
mors, may be caused by: a) compres- 
sion of cochlear nerve in the canal, 
b) compression, of the blood supply to 
the cochlea, and c) toe metabolites, 
such as proteins, released. into the peri- 
lymphatic space by. the?tnmor?* "Tvp- 
ically, the hearing loss is *hanifested bv 
a descending sensorineural pattern with 
disproportionately reduced speech dis- 
crimination scores reflecting a neural 


lesion. However, recruitment or high `` 


SISI scores are sometimes present, prob- 
ably as a result of end-organ degenera- 
tion from vascular occlusion. 


The destruction of the vestibular 
neurons by the intracanalicular schwan- 
noma is a progressive but slow process, 
which allows for compensation of the 
vestibular dysfunction bv central mech- 
anisms. Since the vestibular nerve is 
largely degenerated by the time signifi- 
cant auditory deficits are manifest, ves- 
tibular function tested bv caloric stim- 
ulation is usually markedly diminished. 


Since the intralabyrinthine schwan- 
noma is limited to the bony labyrinth, 
different mechanisms must be proposed 
to explain the clinical picture. The sen- 
sorineural hearing loss may be caused 
by: a) release of proteins or potassium 
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ions by thé tümor, b) compression of 
the organ- of Corti by extension of the 
tumor into the basal turn of the cochlea, 

c) endolymphatic hydrops secondary to 
tumor compression of the ductus re- 
uniens and saccule in the vestibule. The 
descending sensorineural hearing loss 
with low speech discrimination and re- 
cruitment may be explained by the first 
two mechanisms. The fluctuating flat 
sensorineural loss seen in Weymuller's 
case! could be explained by the third 
mechanism. 


The vertiginous episodes associated 
with the intralabyrinthine. schwannoma 
are severe enough to simulate Méniére's 
disease and are, therefore, unlike the 
¿vestibular symptoms caused by the in- 
tracanalicular tumors. A- possible ex- 
planation may be that the intralabyrin- 
thine tumor probably arises from one 
or more nerve-branches within the bony 
labyrinth and. does not cause degenera- 
tion of the vestibular ganglion, which is 
located in the internal auditory canal. 
An intact , complement of vestibular 
neurons is, thérefore, capable of trans- 
mitting abnormal discharges initiated by 
the tumor's effect on residual vestibular 
sensory epithelium. This effect may be 
mediated by the same previously men- 
tioned mechanisms, which also affect the 
cochlear function. = 


A radiographic evaluation bv conven- 
tional films and polytomography of the 
internal auditory canal was usually nor- 
mal. In the one case," loss of radio- 


lucency in the basal turn of the cochlea - 


was felt to be a significant abnormality. 
This radiologic finding, which is diffi- 
cult to “differentiate from variations in 
anatomy ör radiographic technique, may 
be helpful in making the diagnosis 
preoperatively. However, the main pur- 
pose of this diagnostic test remains to 
exclude the enlargement of the internal 
auditory canal from an intracanalicular 
tumor. 


The preoperative diagnosis of Mén- 
ières disease was made in five of the 
six cases and was justified by the clinical 
picture of sensorineural hearing loss, 
tinnitus. and recurrent vertigo with nor- 
mal radiographic evaluation of the in- 
ternal auditory canals. However, the 
descending audiometric patterns and 
profoundly diminished caloric responses 
were not consistent with symptomatic 
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Méniére's disease. Nevertheless, because 
of profound hearing loss and incapac- 
tating vertigo, transcanal labyrinthec- 
tomy was selected as the appropriate 
surgical modality. The subsequently dis- 
covered tumor was completely removed. 
The same approach in the hands of an 
experienced otologic surgeon may be 
used to expose the adjacent portion of 
the internal auditory canal, to rule out 
the presence of tumor extension, as in 
case 2. Transmastoid labyrinthectomy 
offers a comparable opportunity to eval- 
uate and ablate the vestibular end- 
organs and offers a more favorable ac- 


. cess to the internal auditory canal. An 


alternative choice to surgical exploration 
of the internal auditory is a postopera- 
tive Pantopaque study to evaluate the 
canal for the existence of tumor. The 
choice of surgical approach will depend 
upon several factors. Since intralaby- 
rinthine schwannomas are typically not 
associated with extension into the audi- 
tory canal, a transmastoid approach is 
not usually necessary. Furthermore, in 
those patients in whom tumor is not 
present, ablation of the vestibular sense 
organs can be accomplished via a trans- 
canal route. When these factors, as well 
as the surgeon’s experience and the pa- 
tients tolerance for surgery are con- 
sidered, the transcanal approach to the 
vestibule is preferable in the majority 
of cases. 


The conclusion from this analysis of 
six surgically documented cases of 
schwannomas limited to the labyrinth 
is that a high index of suspicion is 
necessary to include this pathological 
entity in the differential diagnosis of a 
patient with unilateral sensorineural 
hearing loss and recurrent vertigo. This 
suspicion should be aroused by the 
presence of one or more clinical and 
laboratory findings that are inconsistent 
with a diagnosis of tvpical Meéniére’s 
disease. These may include a descend- 
ing sensorineural hearing loss which 
does not fluctuate, short veriods of true 
vertigo, or a profoundly diminished 
caloric response. Radiological assurance 
of a normal internal auditory canal 
should not detract from the expectance 
of a tumor limited to the labyrinth, al- 
though it is possible that critical inter- 
pretation of polytomography may be 
helpful in delineating a soft tissue den- 
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sity of the labyrinth. Alerted to the pos- 
sibility of intralabyrinthine schwannoma 
in a patient with a clinical picture of 
atypical Méniere’s disease, the prepared 


surgeon will choose a surgical approach 
that allows exposure of the vestibule for 
either tumor excision or vestibular abla- 
tion. her vier 
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MALIGNANT TRANSFORMATION OF TRACHEOBRONCHIAL 
JUVENILE PAPILLOMATOSIS WITHOUT PRIOR RADIOTHERAPY 
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Squamous cell. carcinoma of the trachea and bronchi developed in a 19-year-old male with 
recurrent laryngeal papillomata since age four, who had received no prior radiotherapy, but 
who was tracheotomized for obstructive laryngeal papillomata. Treatment with intravenous cyto- 
sine arabinoside, “moderate dose" methotrexate, topical 5-fluorouracil and irradiation failed to 
alter tumor growth, and the patient succumbed to recurrent arterial tumor emboli. 


The appearance of squamous cell car- 
cinoma in the course of tréatment of re- 
current juvenile laryngeal .papilloma is 
a rare event reported in less than 2% of 
patients.'? The occurrence of squamous 
cell carcinoma in tracheobronchial pap- 
ilomata following tracheotomy, for the 
treatment of obstruction. bv laryngeal 
papillomata is unreported. Previous in- 
vestigators have noted that this “malig- 
nant transformation” occurs almost ex- 
clusively following the use of irradiation 
therapy to the primary benign 
lesions." In this report, a case of fatal 
squamous:cell carcinoma of the trachea 
and bronchi developing in a 19-vear-old 
male who had been previously trache- 

-, otomized to relieve obstruction from re- 
current. papillomata of the larynx is 
described. This patient had recurrent 
papillomata from age four vears to the 
time of his death and had never re- 
ceived irradiation therapy prior to the 
onset of‘ malignant changes. 


CASE REPORT 


The patient was a 19-year-old Mexi- 
can-American male who was referred to 
one of the authors (S.R.C.) on Novem- 
ber 12, 1968, at the age of 12 years, 
with a history of recurrent squamous 
papillomata of the larynx and trachea. 
His chief complaint was difficulty 


breathing. His past history indicated 
that hoarsenes was noted in early in- 
fancy. By the age of four years, increas- 
ing respiratory obstruction had been 
noted and he required multiple pro- 
cedures for the removal of papillomata 
of the larynx in Mexico. At age five 
years (1961), a tracheotomy was per- 
formed to relieve obstruction, and the 
tracheotomy tube was removed after 12 
days. Because of recurrent obstruction, 
another tracheotomy became necessary 
in 1962, and was maintained for the 
next five years, until 1967. Broncho- 
scopic procedures performed in another 
hospital were associated with multiple 
cardiorespiratory arrests associated with 
general anesthesia and obstruction. He 
was then transferred to the Childrens 
Hospital of Los Angeles for continued 
care. 


Soon after his admission on Novem- 
ber 12, 1968, a laryngoscopy and bron- 
choscopy were performed, and panil- 
lomata were removed from the trachea 
and subglottic areas. Histological ex- 
amination of the tissue removed at bron- 
choscopy revealed typical squamous 
papillomata containing rare mitoses and 
mild nuclear atypia (Fig. 1). A total of 
128 laryngoscopic and bronchoscopic 
procedures were necessary over the next 
nine years to relieve airway obstruction 
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TRACHEOBRONCHIAL PAPILLOMATOSIS 


Fig. 1. Initial biopsy of laryngeal papil- 
loma demonstrating no atypical features 
(H & E, X 154). 


by papillomata of the trachea and bron- 
chi. Only two of these procedures in- 
cluded the removal of papillomata from 
the larynx. 


In 1972, when the patient was. 17- 
years-old, the histological section of the 
papillomata showed considerable acan- 
thosis and cellular atypia, with increased 
mitotic activity. The papillomatous le- 
sions at this time were limited to the 
subglottic area and upper trachea, par- 
ticularly localized to the tracheotomy 
site. In July 1973, biopsies revealed an 
increase in mitotic activity of the tumor 
(Fig. 2), and for the first time, papil- 
lomata were noted at the carinal level 
and in the left mainstem bronchus, in 
addition to the trachea at the closed 
tracheotomy site. 


Because of the increasing atypical 
changes noted in the biopsy specimens 
and the rapid spread of the disease to 
the lower tracheobronchial tree, it was 
elected to treat the patient with a course 








Fig.'2. Laryngeal papilloma showing 
focal atypical basal hyperplasia (H & E, 
X940. > 


of cytosine arabinoside (ara-C). A dose 
of 400 mg/m? was given intravenously 
in a constant infusion over a period of 
24 hours. The patient tolerated the 
therapy without appreciable gastroin- 
testinal or bone marrow toxicity, but 
there was no apparent change in the 
tumor growth. He acquired increasingly 
frequent removal of the papillomatous 
lesions of the trachea and bronchi be- 
cause of increasing symptoms of airway 
obstruction. In addition, a progressively 
enlarging right hilar mass was noted. 


In November 1973 he developed bi- 
lateral patchy pneumonia and atelec- 
tasis associated with a large left pleural 
effusion. Bacterial, fungal and myco- 
bacterial cultures of the sputum, blood 
and pleural effusion were negative. Af- 
ter 14 days of intravenous methicillin, 
the pulmonary infiltrates and pleural 
effusion cleared with only a residual 
loculated area remaining in the left lung 
base. This persisted for several weeks. 
Cytological examination of the pleural 
fluid revealed no malignant cells. ES 


Clinically, the patients course re- 
mained unchanged, and obstructive epi- 
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Fig. 3. Transformation of laryngeal papilloma to squamous cell carcinoma, with 


invasion of the submucosa (H & E, X 154). 


sodes wére^temporarily relieved by 
bronchoscopic removal of the tumor. On 
May 19, 1974, bronchoscopy revealed 
complete occlusion of the airway by 
papillomatous masses at the tracheot- 
omy site and left mainstem bronchus. 
A tracheotomy was necessary to relieve 
obstruction of the airway. Histological 
.examination of the tracheal and bron- 
chial lesions at this time showed nests 
of atypical squamous epithelium invad- 
ing the submucosa (Fig. 3). 


Tumor cells examined in short-term 
culture exhibited fibrinolytic activity.* 
The final histological impression was 
that of malignant transformation of 
papillomata, with resultant squamous 
cell carcinoma. A paratracheal lymph 
node biopsy showed benign hyperplasia 
without tumor invasion. 


When malignant changes were noted, 
it was elected to treat the tracheal le- 
sions topically with 5% 5-fluorouracil 
(5-FU) cream (Efudex®), applied for 
five minutes each week at the time of 
bronchoscopv. Although some softening 
of the papillomata was noted, the re- 
currences of the lesions continued un- 
abated and this form of therapy was 
discontinued after five applications of 
Efudex®. Irradiation of the trachea and 


weakness 


bronchi was then advised, and the pa- 
tient received a total of 5300 rads total 
tumor dose of 35 days to a field encom- 
passing the entire trachea, including the 
carina and the very proximal portion 
of the mainstem bronchi. 


In March 1975, he presented with a 
history of intermittent nausea and vom- 
iting of one month’s duration, accom- 
panied by diplopia, left leg and arm 
of three weeks duration. 
These symptoms improved, but he was 
admitted to the hospital on March 3, 
1975, when he developed symptoms of 
right foot pain and bilateral calf pain 
associated with walking. Physical ex- 
amination at that time revealed patchy 
discoloration of both lower extremities, 
with absent popliteal and dorsalis pedis 
pulses, and poor capillary filling bilater- 
ally. The right femoral pulse was pres- 
ent. Neurological examination revealed 
only a partial left homonymous hemian- 
opsia. Angiography using a right femor- 
al artery approach revealed a right 
posterior cerebral artery embolus and 
multiple peripheral emboli in the lower 
extremity vascularity (Fig. 4). An RISA 
lung scan revealed multiple defects bi- 
laterally. He subsequently underwent 
bilateral common femoral embolectom- 


*Benedict WF, Laug WE: Personal communication. 
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Fig. 4. Right femoral arteriogram dem- 
onstrating multiple emboli (arrows) in 
the iliac systems. 


ies which revealed large, partially or- 
ganized thrombi containing sheets and 
clumps of squamous cell carcinoma 
(Fig. 5). Postoperatively, the lower ex- 
tremity pulses returned. Coumadin® 
therapy and “moderate dose” methotrex- 
ate therapy consisting of 37.5 mg/kg 
methotrexate in a 24-hour infusion fol- 
lowed by a 72-hour citrovorum rescue 
was given. Courses were repeated every 
three weeks. 


In April 1975, after receiving two : 


such infusions, he suddenly developed 


bilateral lower extremity paresthesia, : 
and was again noted to have absent: 


femoral and lower extremity pulses. Re- 
peat embolectomies were performed, 
and the thrombi were now noted to 
extend into the aorta. Despite removal, 
he reembolized four days later, and 
developed evidence of renal failure. Ex- 
ploration again demonstrated wide- 
spread tumor embolization of the fe- 
moral, renal and inferior mesenteric 
arteries, and the aorta. Despite removal 
of thrombi and continuation of antico- 
agulation therapy, repeated emboliza- 
tion occurred and renal failure persisted. 
The patient succumbed suddenly, four 
days after the third embolectomy. Per- 
mission for autopsy was denied. 


DISCUSSION 


Squamous papilloma is the most com- 
mon benign tumor of the larynx in the 


airway 





Fig. 5. Necrotic- tumor embolüi:: re- 
moved from iliofemoral artery containing 
large atypical epithelial cells (H & E, 
X 384). : 


pediatric age group. In. almost all in- 
stances, the disease follows a recurrent 
course, characterized by the reappear- 
ance Of multiple lesions.'* Progressive 
hoarseness and symptoms of respiratory 
obstruction necessitate some form of 
surgical intervention in order.to relieve 
compromise. A tracheotomy 
should be avoided if at all possible." 


‘Involvement or spread of papillomata to 


the ‘trachea is unusual with only 109 
cases in children and adults observed in 
review in 1967.7? Tracheal and bronchial 
spread is almost always preceded by a 
tracheotomy, which is à major reason 
for avoiding this procedure except as; a 
lifesaving measure in the face of severe 
respiratory obstruction. Only 1% of 
of laryngeal neoplasms are associated 
with tracheal papillomata, while 36% of 
tracheal papillomata were associated 
with concurrent or previous laryngeal 
papillomata.?° 


The development of squamous cell 
carcinoma in a previously benign papil- 
loma is a rare event, almost always .as- 
sociated with prior irradiation. Ma- 
joros et al noted an incidence of malig- 
nant transformation in 14% of the 43 
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children receiving surgery plus irradia- 
tion therapy for recurrent benign lesions, 
and no malignancy occurred in the re- 
maining 22 patients who were treated 
. with surgery. alone.' The distinction be- 
tween "infiltrative" papillomata retain- 
ing-a benign histologic pattern and true 
squamous cell carcinoma can be diffi- 
cult at times." However, the presence 
of cellular atypia, noncontiguous spread 
and distant metastases clearly separates 
the true malignant neoplasm from the 
unusdal locally invasive benign le- 
sion.!i-1? 


The occurrence of malignant change 
in the absence of radiotherapy has been 
a rare event.^!*!5 Capps refers to such 
a case without details, and New and 
, Erich noted three cases of grade 1 
squamous cell carcinoma "with no previ- 
ous therapy to account for malignancy" 
in 194 patients with papillomata.'*? Un- 
fortunately, no details of these cases 
were givén. Toso reported a similar 
finding in a 35-year-old male with a 
history of laryngeal papillomata since 
childhood and no prior radiotherapy or 
chemotherapy.'? The latter four patients 
were treated by surgical excision only. 
All of these. previously reported in- 
stances of malignant change occurred 
in laryngeal lesions and none clearly 
demonstrated the ability for distant 
metastasis. 


In the patient described in the pres- 
ent report, repeated resections of laryn- 
geal papillomata failed to prevent re- 
currénces, and tracheal papillomata de- 
véloped after eight years. After 15 years, 
tracheal: and bronchial papillomatous 
lesions were .noted, and the develop- 
ment. of squamous cell carcinoma of the 
trachea and bronchi led to death 16 
years after the initial diagnosis. For a 
number of vears there had been no 
evidence of laryngeal disease. 
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Systemic and topical chemotherapy 
intervention was attempted because of 
the appearance of atypical changes in 
serial biopsy specimens and progressive 
tracheal involvement. Cytosine arabin- 
oside was chosen initially because of its 
known cytotoxic effect against DNA 
viruses as well as its antineoplastic ac- 
tivity'^"* although the presence of a 
DNA virus similar to or identical to the 
papilloma virus isolated from skin le- 
sions has not yet been demonstrated for 
laryngeal papillomas.*!? Topical 5- 
fluorouracil cream has been utilized for 
cutaneous premalignant and malignant 
lesions, but has not previously been 
evaluated for papillomatous lesions. 
Neither drug was beneficial in the case 
described in this report. 


Clinically significant arterial compro- 
mise due to malignant tumor emboli, as 
in this patient, is a rare occurrence.?^?? 
The source of these emboli is usually 
either from tumor invasion of pulmonary 
veins,’ or by direct invasion of the 
arterial endothelium.?* In this patient, a 
large hilar lung mass with mediastinal 
involvement was demonstrated on chest 
radiograph and pulmonary venous in- 
volvement seems highly probable al- 
though postmortem confirmation was 
not permitted. 


The clinical course of this patient in- 
dicates that malignant change can occur 
in recurrent juvenile papillomatosis in 
the absence of prior radiotherapy. As in 
previous cases reported in association 
with radiotherapy, the appearance of 
frank malignancy was preceded by the 
development of hyperkeratosis and in- 
creasing cellular atypia.^?*?' Effective 
therapy after malignancy has occurred 
is rarely possible, except where isolated 
lesions are amenable to complete sur- 
gical resection. 
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‘EXPERIMENTAL VIRAL INFECTIONS OF THE INNER EAR 
IL SIMIAN VIRUS 40 INDUCED TUMORS OF THE TEMPORAL BONE 





Bo : Larry E. Davis, MD 
; ALBUQUERQUE, NEw MEXICO 
Grorce T. Nacer, MD Ricuarp T. Jounson, MD 


BALTIMORE, MARYLAND 


` Pathological and virological studies were performed on temporal bones of 23 hamsters which 
developed tumors subsequent to. neonatal inoculation of simian virus 40 (SVi,). Four to five 
months after viral inoculation, 22 hamsters developed undifferentiated sarcomas in the subcu- 
taneous space adjacent to the temporal bone. Nine tumors invaded the temporal bone, occasion- 
ally extending to the subarachmald space but not to the inner ear. Choroid plexus papillomas de- 
veloped. in four animals, with one tumor demonstrating invasion of the cochlear aqueduct, in- 
ternal auditory canal, and cochlear modiolus. Cells grown from a sarcoma and a choroid plexus 


papilloma contained tumor antigen and established that the tumors were SVs virus induced. 


Benign and malignant ‘neoplasms of 
the middle ear cleft and temporal bone 
are quite rare. The benign tumors are 
prevailing, and among malignant 
growths, primary are more common than 
metastatic lesions. 


The assessment of the actual inci- 
dence: of these tumors is difficult be- 
cause some authors equate malignant 
growth with carcinomas, whereas others 
include  paragangliomas, | neurinomas 
and meningiomas incorrectly among the 
malignant lesions. Fairman's experience 
of six tumórs of the middle ear cleft 
and temporal bone is based upon 32,625 
new patients examined in the Otolaryn- 
gology out-patient departments of two 
general hospitals in Bristol) Of those, 
four were benign and. two malignant 
neoplasms, an incidence of 1 in 8,156 of 
benign and 1 in 16,312 malignant tu- 
mors. Fairman's statistics are in close 
agreement with Lindahls data? which 
shows an incidence of malignant tumors 
in 1 in 15,300 patients. 


According to the tumor registry of the 
Armed Forces Institute of Pathology, 


mors of the glomus jugulare and tym- 
panic cavity) account for about one 
third (30%) of all primary neoplasms.* 
They represent the most common be- 
nign tumor. The epidermoid carcinoma 
accounts for about 7% of all primary 
tumors and represents the most common 
malignant tumor of the temporal bone. 


Among the secondary or metastatic 
tumors of the temporal bone, the squa- 
mous cell carcinoma accounts for 47%, 
the adenocarcinoma for 18%, and the 
basal cell carcinoma for 6%. 


A considerable number of other be- 
nign and malignant tumors may affect 
the middle ear cleft and temporal bone 
primarily, and, in the instance of a ma- 
lignant growth, also inform of a metas- 
tasis. Other malignant neoplasms which 
originate in the temporal bone include 
the sarcoma (embryonal, rhabdomyo- 
sarcoma, osteogenic sarcoma, Ewing's 
sarcoma, malignant melanoma, etc), 
and myeloma, etc. In adults the sar- 
coma is less frequently encountered than 
the epidermoid carcinoma. In children 
the sarcoma is the more common tumor 


occipitotemporal paragangliomas (tu- of the two. 


*Hyams VJ: Personal communication, 1976. 
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Fig. 1. Section of a subcutaneous sar- 
coma, Spindle shaped tumor cells are ar- 
ranged in streams and parallel bundles. 
(H & E, X 75). Insert shows the presence 
of papovavirus tumor antigen by fluores- 
cent antibody staining in the nuclei of cells 
grown from explanted tissue fragments of 
a sarcoma (X 125). 


Neoplasms that can involve the tem- 
poral bone by way of metastases may 
have their primary site in the nasophar- 
ynx, thyroid, lung, breast, gastrointes- 
tinal tract, kidney, adrenals, prostate, 
testis, and ovary. A metastasis may de- 
velop from a melanoma or sarcoma in 
ancther location. 


The temporal bone may also be in- 
vaded by neoplasms originating in the 
central nervous system. These tumors 
may be conveniently classified into four 
categories: 1) neuroepithelial tumors; 
2) mesodermal tumors; 3) ectodermal 
tumors; and 4) congenital and embry- 
onic tumors? Each category comprises 
one or more tumors which are of in- 
terest to the otolaryngologist, as they 
may originate either within the tem- 
poral bone or in adjacent structures and 
involve it secondarily. 


Although neoplasms which involve 
the middle ear cleft and temporal bone 
are very rare, they nevertheless are of 
concern to the otolaryngologists, neurol- 






E could 
ogists, neurosurgeons and neuroradiol- 
ogists, ' za LA 

This report describes the.-;éxperi- 
mental induction of tumors:;óf the tem- 
poral bone by inoculation '.pf- newborn 
hamsters with simian. virus: 40 (SVa), 
a primate papovavirus recognized for 
its oncogenesis in hamsters.*. After a 
latency period of four to five months, 
the hamsters developed either undif- 
ferentiated sarcomas or choroid plexus 
papillomas, many of them involving the 
temporal bone. This communication dis- 
cusses the pathological, virological and 
serological aspects of these experimen- 
tally induced tumors. 


METHODS AND MATERIALS 


Preparation of. Virus. A strain of SVs (SVa- 
PML-1) was used which had been recovered 
from the brain of a patient who died from pro- 
gressive multifocal leukoencephalopathy, a rare 
demyelinating disease of the central nervous 
system.’ The virus was isolated from explants 
of human ‘brain cells which were passed six 
times and then fused to a continuous line of 
green monkey cells ( BSC-1) using inactivated 
Sendai virus. The. stock virus was prepared 
from infected BSC-1 cells which were frozen 
and thawed two times, clarified by. low speed 
centrifugation, and stored at — 70 C. The in- 
fectivity of this virus, assayed on BSC-1 cells, 
was 10* plaque-forming units per milliliter.’ 


Inoculation of Hamsters, Thirty-five Syrian 
hamsters were inoculated with 0.02 ml of stock 
virus into éach temporal bone within 24 hours 
after birth. The method of percutaneous inocu- 
lation, using a microdelivery system, with a 
No. 30 gauge needle has. been described previ- 
ously by Davis and Johnson? The surviving 27 
animals that reached maturity were observed 
daily for the development of neurological signs 
or subcutaneous tumor nodules. The tumors 
were allowed to progress until the animal 
either developed neurological signs-or became 
incapacitated. 


Preparation of Specimens. The hamsters 
then were anesthetized, exsanguinated by car- 
diac puncture, and perfused with saline. Frag- 
ments of subcutaneous tumor tissue were ob- 
tained for cell cultures and histological exami- 
nation, The specimens were fixed in 10% for- 
malin and embedded in paraffin. Each 74 sec- 
tion was stained with hematoxylin and eosin 
(H & E). 


After removal of the subcutaneous tumor, 
the animal was perfused with 10% formalin. 


The head was then removed, the jaw disar- ' 


ticulated, and the scalp dissected away. There: 
after the skull and brain were fixed in 10% 
formalin for three weeks. Eleven specimens 
were selected on the basis of tumor size and 
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Fig. 2. Horizontal section through the lower portion of the right tympanic cavity and 
outer ear.canal. The sarcoma originated in the retromandibular fossa. It impinges upon 
the overlying mandibular division of the V cranial nerve and invades the underlying ex- 
ternal facial vein, 1l - Tympanic cavity; 2 - Tympanic membrane; 3 - Outer ear canal. 


(H & Ey X217. 


L- (Ha ai ER DE SER 
Fig. 3. Horizontal section through the lower portion of the left outer ear canal and 
tympanic cavity. The sarcoma originated in the periauricular area. It invades the cartilagi- 
nous portion of the external auditory canal and narrows its lumen concentrically. 1 - Outer 
ear canal; 2 - Tympanic membrane; 3 - Facial nerve; 4 - Tympanic cavity; 5 - Eusta- 
chian tube; 6 - Stapedial artery. (H & E, X 15). 
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Fig. 4. Horizontal section through the base of skull and left temporal fossa at the level 
of the superior semicircular canal of same animal as F'ig. 2. The sarcoma spurts beyond 


the temporal fossa, invades and partially destroys the squamous portion 6. 


the temporal 


bone, extends into the middle cranial fossa (arrows) and impinges upon the temporal lobe. 


1 - Tumors invading squamous portion of temporal bone; 2 


- Temporal lobe; 3 -.Dien- 


cephalon; 4 - Brain stem; 5 - Tympanic cavity; 6 - Cerebellum; 7 - Superior semicircular 


canal. (H & E, X 15). 


location for decalcification. The specimens 
were decalcified in 1% nitric acid and em- 
bedded in celloidin.* Each block was sectioned 
serially in a horizontal plane at 204. Every 
tenth section was stained with H and E and 
mounted. Additional sections were prepared 
for areas of particular interest. 


Animal serum obtained just prior to death 
was tested for fluorescent antibody to SV, 
tumor (T) antigen. The sera from hamsters 
bearing transplanted tumors previously induced 
by SV virus were used as a positive control.’ 
The pooled normal hamster sera were used as 
a negative control. Testing for fluorescent an- 
tibody was done by the indirect method on ace- 
tone-fixed coverslip cultures of cells trans- 
formed by SV, virus. 


Tumors were explanted from a hamster 
which developed a typical sarcoma and from 
an animal which developed a choroid plexus 
papilloma. Cells grown from each tumor were 
trypsinized and passed separately to coverslips 
in Leighton tubes, The cells were then tested 
for the presence of SV T antigen by fluores- 
cent antibody staining using sera of hamsters 
with transplanted SV;, induced tumors.’ 


RESULTS 
Induction of Tumors. The inoculated 


" 
newborn hamsters. developed normally 
for about four months. Usually by that 
time a small hard subcutaneous nodule, 
firmly attached to the temporal bone, 
had developed in the majority of ani- 
mals. Over the next three weeks, this 
nodule rapidly increased in size, often 
reaching 3 cm in diameter. Two animals 
who failed to develop a:palpable tumor 
nodule displayed a circling movement 
and dragging of the hind. legs. Both 


were subsequently found to have intra- 


cranial tumors. 


Of the animals which reached 
weanling age, 23 developed tumors. All 
surviving animals were autopsied at 
five months. No tumors were found be- 
low the head and neck. 
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HISTOLOGIC EXAMINATION OF THE 
TEMPORAL BONES AND BRAIN 


Sarcomas. Twenty-one animals devel- 
oped sarcomas in the region of the 


* 
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fossa. The choroid plexus papilloma originated in the 4th ventricle, invaded and pussy 


acoustic meatus; 2 - IX cranial nerve; 3 - Malleus and incus; 4 - VII cranial nerve; 5 - 
Stapedius muscle; 6 - Stapedial artery; 7 - Oval window and stapes; 8 - Vestibule; 9 - 


Round window; 10 - Basal turn of cochlea. (H & E, X 30). 


temporal bone, All tumors formed large 
masses in the subcutaneous tissue about 
the external ear. The subcutaneous por- 
tion of the:tumor in general was well 
encapsulated and clearly demarcated 
from the adjacent soft tissue. On pal- 
pation the tumor was firm; and on cross 
section it often revealed areas of hem- 
orrhage or necrosis. In 12 animals the 
tumor could: bé easily removed from 
‘the temporal -bofie' by blunt dissection. 
In four of them, histologic examination 
confirmed absence of invasion of the 
temporal bone. Nine animals had sar- 
comas with firm attachment of the tem- 
poral bone. In seven of them the head 
was examined in serial sections. 


The microscopic appearance of these 
sarcomas showed a certain degree of 
variation. Some tumors were highly cel- 
' lular and consisted of pleomorphic 
round cells with large nuclei and a 
dense chromatin network. They includ- 


ed occasional multinucleated and giant 
cells. Other tumors appeared less cel- 
lular and were made up of spindle 
cells arranged in streams and parallel 
bundles (Fig. 1). Foci of necrosis and 
hemorrhage were frequently encoun- 
tered in the center of each tumor type. 


In nine animals the sarcoma invaded 
the squamous portion of the temporal 
bone, revealing tumor extensions infil- 
trating marrow spaces. Some of these 
tumors originated in the retromandib- 
ular fossa and encroached upon the V 
cranial nerve (Fig. 2). Other tumors 
invaded the external auditory canal and 
narrowed its lumen (Fig. 3). Two ani- 
mals displayed a tumor which com- 
pletely penetrated the squamous por- 
tion of the temporal bone, invaded the 
subarachnoid space, and impinged upon 
the adjacent temporal lobe or cerebel- 
lum (Fig. 4). None of the sarcomas in- 
vaded the middle or inner ear. 
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Fig. 6. Horizontal section through the right temporal bone and adjacent brain stem 
of the same animal as Fig. 5. The choroid plexus papilloma has spread along the subarach- 
noid space into the internal acoustic meatus, cochlear aqueduct and neural compartment 
of Jaguar foramen to invade cranial nerves VII and IX. 1 - Internal acoustic meatus; 2 - 


Coch 


ear aqueduct containing tumor; 3 - IX cranial nerve; 4 - Area of cochlea and ves- 


tibular nuclei; 5 - Brain stem; 6 - Outer ear canal; 7 - Tympanie membrane; 8 - Tym- 
panic cavity; 9 - Oval window with stapes and stapedial artery; 10 - Organ of Corti at 
round window; 11 - Lower basal turn of cochlea. (H & E, X 25). 


Choroid Plexus Papillomas. Four ani- 
mals developed choroid plexus papil- 
lomas of the fourth ventricle. Two, in 
addition, also had sarcomas. The heads 
of two of these hamsters were em- 
bedded and serially sectioned. Both 
specimens showed extensive involve- 
ment of the fourth ventricle and cere- 
bellum. One tumor spread laterally into 
the subarachnoid space and extended 
into both internal auditory canals. The 
tumor compressed the VII and VIII 
cranial nerves, extended into the coch- 
lear modolius (Fig. 5), invaded the 
right cochlear aqueduct (Fig. 6), and 
involved both IX cranial nerves in the 
jugular foramen. 


Development of T Antibody. Of the 
26 animals bled prior to death, 22 had 
developed antibodies against the SV,, 
T antigen. Two animals with sarcomas 
failed to produce antibodies to T anti- 
gen. One animal with no macroscopic 


evidence. of tumor had formed anti- 
bodies.to SV,, T antigen. .- 


T Antigen in Tumor Cells. Tissue 
fragments of one sarcoma .and one cho- 
roid plexus papilloma were. explanted 
and the cells: grown, on coverslips. Cells 
grown from’ both;stumors | appeared 
transformed as they showed altered 
growth patterns suggesting, lack of con- 
tact inhibition, and grewjiithe presence, 
of low serum concentrations. One hun- 
dred percent of the nuclei of the cells 
derived from both tumor types demon- 
strated the presence of T antigen by 
fluorescent antibody staining (Fig. 1). 


DISCUSSION 


Simian virus 40 induced two morpho- 
logically distinct tumors which invaded 
the temporal bone. Seventy-eight per- 
cent of the hamsters developed sar- ` 
comas which commonly invaded the 
temporal bone, occasionally penetrating 


to the:suübarachnoid space. Four ham- 
sters^developed choroid plexus papil- 
lomas with: one invading the cochlear 
aqueduct and internal auditory canals. 


The tumors were' shown to be virus 
induced bythe demonstration of papo- 
»avirus T.antigen in cells idi from 
à sarcoma and: a choroid plexus papil- 
loma as well’as the production of anti- 
body-SV,; antigen: in most hamsters 
with tumors. The SV;, virus does not 
replicate in-the. hamster. Therefore, its 
initial distribution..after percutaneous 
inoculation should be similar to the dis- 
tribution of other colloidal particles. In 
a previous study of viral infections of 
the inner ear of neonatal hamsters, per- 
cutaneous inoculation of India ink was 
found to-be distributed in the temporal 
subcutaneous space, middle ear, peri- 
lymph and endolymph of the inner ear, 
and the subarachnoid space. via the 
patent cochlear aqueduct.* 


DAVIS ET AL 


In the present study, transformation 
of cells lining the perilymphatic and 
endolymphatic spaces was not found. 
Furthermore, no neural or Schwann cell 
tumors developed. Sarcomas invading 
the temporal bone presumably arose 
from the transformation of fibroblasts 
along the needle tract in the subcutane- 
ous space or around the temporal carti- 
lage. The choroid plexus papillomas 
presumably arose from transformation 
of choroid plexus cells by virus passing 
from the perilymph into the subarach- 
noid space and ventricular system. 


In man choroid plexus papillomas 
have been found in the cerebellopon- 
tine angle that reached the. internal 
auditory meatus and invaded the tem- 
poral bone.!?!* Likewise, sarcomas have: 
been reported to invade the temporal 
bone.? However, the more common 
tumors of the temporal bone were not 
seen in this study. 
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This report describes the unusual association of bilateral abductor. vocal cord paralysis 
(BAbVCP) and Charcot-Marie-Tooth disease in a boy and his natural:mother who have been 


followed for eight years. The boy initially presented with life-threatenin 


g.Fespiratory distress at 


age ten years; BAbVCP was documented by direct lnryugskoony: Mine yngoscopy confirmed 
BAbVCP in the mother. Neurological diagnosis was made by history, physical examination, elec- 
tromyography, and nerve conduction velocity studies. The BAbVCP may represent an additional 
genetic marker within the spectrum of heredodegenerative disorders: Of clinical importance is 


examination of voice and respiratory symptom 


atology of patients: with heredodegenerative dis- 


eases and neurological work- p of patients with familial vocal còrd: paralysis. Further genetic 
n 


and clinical studies of X crania 


Charcot-Marie-Tooth disease (CMT), 
or peroneal muscular atrophy, has only 
rarely been associated with the clinical 
suggestion of involvement of the X 
cranial nerve.'? Although other cases of 
familial bilateral abductor vocal cord 
paralysis (BAbVCP) (X nerve dysfunc- 
tion) have been described,*-^ some with 
characteristics of lower motor neuron 
involvement,‘ these reports lack a precise 
description of the neurological involve- 
ment which would permit a firm diag- 


nosis of CMT or one of the related: 


heredodegenerative ataxic disorders. 
This report of two patients with CMT 
and BAbVCP was prompted by a re- 
view of the etiology of bilateral laryn- 
geal paralysis in 389 cases, 149 of whom 
were children.” Of the 389 cases, two, 
a boy and his mother, were documented 
as familial and are reported here in de- 
tail. In addition to illustrating the life- 
threatening nature of the respiratory 
problems, several theoretical and genet- 
ic issues are highlighted by these two 
patients. 
CASE REPORTS 


LM. The patient, a white Jewish 
male, was initially admitted to The 
Children's Memorial Hospital, Chicago, 


fDr. Paul H. Holinger died March 26, 1978. 


erve involvement in heredodegenérative disorders are warranted. 


July 7, 1969; when he was 10-years old, 
for increasing stridor and respiratory 
distress. Past historv disclosed that he 
had been the 3.15 kg product of a full 
term uncomplicated pregnancy and a 
normal spontaneous vaginal delivery. 


“He had a weak cry and stridulous 


breathing at birth. Family history re- 
vealed that the patient's father, paternal 
grandmother, and two paternal uncles 
were diabetic, and that his paternal 
grandfather died of a heart attack at 
age 45 years; the patient's younger 
brother was mentally retarded. Direct 
larvngoscopy during the 1969 hospitali- 
zation confirmed the presence of bilat- 
eral abductor vocal cord paralysis, and 
a tracheotomy was necessary. Neuro- 
logical consultation disclosed bilateral 
pes cavus, greater on the left than right, 
diffusely depressed deep tendon re-. 
flexes (DTR), partial left foot drop 
with shortening of the left Achilles ten- 
don, no cranial nerve involvement other 
than X, no sensory loss, and normal 
intelligence. There was no evidence of 
cerebellar deficit, ataxia, tremors, in- 
voluntary movements or scoliosis. There 
was no acanthocytosis, retinitis pigmen- 
tosa, or steatorrhea; serum lipids were 
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normal. The pa ient was decannulated 
successfully and "discharged August 1, 
1969. a e bs 


In October, 1969, the patient was seen 
again for outpatient neurological evalu- 
ation. Truncal muscles were of good 
strength and superficial reflexes intact. 


“The reflexes of the upper extremities 
“were, slightly hypoactive. Examination 
. of the: lower: extremities confirmed sig- 
nificant. depression of DTR bilaterally. 


There ‘Was. wasting of the muscles of the 
left leg a&d te. a lesser degree of the 
right. There was substantial weakness of 
the distal museulature of the left leg 
and foot, and à minimal weakness of the 
right foot. Serisory changes to pinprick 
were demonstrafed on both legs, greater 
on the left than. right, The nerve con- 
duction’ velocity {NCV ), and latency 
studies were normal (1969-1977); elec- 
tromyography (EMG) showed evidence 
of- fasciculation and fibrillation poten- 
tials (1969-1977).*. wes 


In the subsequent seven years the pa- 
tient, has been hospitalized four times 
for respiratory. distress; Ke usually re- 
sponded well to medical: management, 
though. he neededja second tracheotomy 
(with subsequent decannulations) in 
1974. BAbVGP. was confirmed during 


each admission; he and his family re- 
fused a corrective arytenoidectomy ‘be- 
, cause. it would entail a permanent voice 


deficit. There has been little change in 
subsequent neurological examinations, 
with the exception of finding a weak; 
ness of the right pterygoid muscle. 


PM (Natural Mother of Patient). PM; 
a Caucasian female, was noted by 
her son's physicians to have stridulous 
breathing of which she did not com- 
plain. Outpatient neurological examina- 
tion was conducted in October 1969, 
when she was 48-years-old. Cranial 
nerve examination demonstrated only a 
weakness of the left pterygoid muscle 
in addition to involvement of the vocal 
cords. Superficial abdominal reflexes 
were depressed. DTR were absent in 
upper and lower extremities. Bilateral 
pes cavus was present. There was wast- 
ing of the lower extremities bilaterally, 


greater distal to the knee than proximal. 
Weakness of the lower extremities was 
noted, more marked on the left than the 
right and more distal than proximal; the 
extensors of the feet were most severely 
affected. Sensory changes in the lower 
extremities consisted of pinprick impair- 
ment extending to midthigh. Upper ex- 
tremities manifested only minimal weak- 
ness of the extensors of the wrist and 
abductors of the shoulders. There were 
no sensory changes demonstrated in the 
upper extremities. When fatigued, PM 
had slight hand tremors bilaterally. Her 
gait was wide-based with slight ataxia. 
She appeared to have poor circulation 
and unusual sensitivity to cold, more so 
in the upper than lower extremity. 
There was no acanthocytosis, retinitis 
pigmentosa, or steatorrhea; serum lipids 
were normal. 


Mirror examination of the larynx on 
December 28, 1970, disclosed BAbVCP 
with abduction insufficient to give her 
an uncompromised airway. NCV and 
latency studies showed prolongation in 
some nerves (1977); EMG demonstrat- 
ed substantial fasciculation as well as 
fibrillation potentials (1977). 


PB (Natural Brother of Patient). The 
patient’s younger brother was found to 


+ be mentally retarded. He was not avail- 


able for further neurological or laryngo- 
logical evaluation. 


DISCUSSION 


The term BAbVCP is generally used 
to describe the loss of the abductor func- 
tion of the laryngeal musculature. The 
relationship between the location of 
lesions to the nucleus ambiguus, the 


vagus or its laryngeal branches (superi- 


or and recurrent laryngeal nerves) and 
the resulting position of the vocal cords 
has remained unclear because no con- 
sistent pattern of laryngeal contour can 
be observed following such lesions;* re- 
cent research has been directed at clari- 
fication of these issues.’ With the single 
exception of the cricothyroid muscle, 
which is innervated by the external 
branch of the superior laryngeal nerve, 
all intrinsic muscles of the larynx are 


*EMG and NCV results for patients LM and PM are available upon request. 
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innervated by the recurrent laryngeal 
branch of the X cranial nerve. The pos- 
terior cricoarytenoid is the only ab- 
ductor of the vocal cords; it is also in- 
nervated by the recurrent laryngeal 
nerve. Bilateral lesions of the recurrent 
‘laryngeal nerves leave the vocal cords 
flaccid in or near the midline (adduc- 
tion). Since adduction is the position of 
phonation, the voice is essentially nor- 


mal. However, due to their configura- . 


tion the paralyzed vocal cords act as 
a one-way valve; this readily allows ex- 
piration and phonation but compromises 
inspiration to cause inspiratory stridor 
or, occasionally, even complete respira- 
tory obstruction; This paradox of normal 
phonation and inspiratory stridor is 
characteristic of. BAbVCP. In contrast, 
in unilateral vocal cord paralysis, while 
the involved cord is flaccid in or near 
the midline (adduction), there is no res- 
piratory embarrassment because abduc- 
tion of the uninvolved cord on inspira- 
tion creates an adequate airway; how- 
ever, the voice is weak and breathy with 
an appreciable air loss on attempted 
phonation. 


Charot-Marie-Tooth disease is a he- 
reditary disorder belonging to a broad 
spectrum of degenerative diseases. in- 
cluding olivopontocerebellar, cerebello- 
parenchymal, and spinocerebellar dis- 
orders, and the neuropathies. CMT 


usually begins with weakness and atro-. 


phy of the peroneal muscles and may 
advance to include other distal muscles 


of the leg and arm; it is also character-. . 


ized by diminished or absent deep 
tendon reflexes in the affected areas and 
pes cavus. Charcot and Marie’s paper in 
1886'^ and Tooth’s study later in the 
same year" are generally acknowledged 
to be the first comprehensive descrip- 
tions of the disease, although, as Dyck 
and Lambert? note, patients with pe- 
roneal muscular atrophy had been de- 
scribed earlier. Despite the long history 
of CMT, several aspects of the pathol- 
ogy, etiology, genetics, and laboratory 
findings remain unresolved. Clinical 
variants, including features of the he- 
reditary cerebellar ataxias, optic atro- 
phy, deafness, and other cranial nerve 
involvement have been reported.1*-19 
Such reports, together with EMG, NCV, 





enzyme, and genetic:shidies, have led 
to hypotheses about-the existence of 
transitional forms between, and various 
classifications of, CMT and other. he- 
redodegenerative diseases of the ner- 
vous system.'"^? Possible involvement 
of the X cranial nerve in CMT has oc- 


casionally been. reported. Aoyama?. 
described a case of CMT disease with? 
bulbar changes including the vagal nu-:- 


clei and their fibers. Bensaid.et-al ob- 
served persistent atrial 'standstill.in two 
members of one family ‘affeeted by a 
neuromuscular genetic. disease of the 
Charcot-Marie type. Affliction >of the 
conducting system was a suggested ex- 
planation for the atrial standstill, and 
the degree of possible’ involvement of 
the visceral efferétt:ófithe vagus nerve 
was unresolved: "E 


“With respect^ió familial BAbVCP, 









P, pir 


Plot described congenital laryngeal 
‚abductor. nerve . paralysis accompanied 


by mental deficiency in three male sib- 
lings, one of whom also had a left ab- 
ducens nerve palsy. Watters. and. Fitch? 
studied three male infants (two brothers 
and the male:cousin of their mother) 
with marked physical and mental re- 


tardation; all had .ldtyngeal stridor in 
_the newborn pérfod and one had docu- 
-mented BAbVCP. Gacek* reported fa- 


milia] BAbVCP in a father and two sons. 


. The father manifested round shoulders 
.and.some muscle loss about the upper. 


limbs; the sons exhibited round shoul- 


. ders, foot drop, and absence of DTR in 


the upper and lower extremities. Gacek 
also presented a second family, the un- 
affected sister of the father of the first 


family and her three sons. All three 


sons had abnormalities of the upper and 
lower limbs and two had evidence of 
abducens nerve paresis. No one in the 
second family had BAbVCP. Gacek* 
and Plott* both note that the question 
remains unresolved as to whether the 
mental deficiency is secondary to anoxia 
produced by BAbVCP or whether the 
mental deficiency and paralysis are co- 
existing congenital defects. 7 


This report presents two cases of 
CMT-type of heredodegenerative dis- 
ease with documented BAbVCP, i.e., 
CMT with X nerve involvement. The 
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issue of etiology of the vocal cord paral- 
ysis'in these apparent hereditary cases 
remàins unresolved, although several 
mechanisms and sites for the lesions 
have been proposed.** Also unresolved 
is the etiology of the mental retardation 
frequently seen in these patients.*^^ 


Lack óf more widespread changes of 
NCV and latencies in these two cases 
is unusual in classical CMT (classified 
recently under hereditary and motor 
sensory neuropathy type I [HMSN type 
I]).1° However, the absence of signifi- 
cant involvement of NCV in CMT has 
been described in the spinal form of the 
. disease, HMSN type II, which may have 
a more benign clinical course.'? 


It is possible that a spectrum of in- 
volvement, from specific lesions in the 
brain stem to global central nervous 
system dysfunction (e.g. mental retar- 
dation), could occur within the frame- 
work of CMT, representing additional 
genetic markers. These markers could 
be closely situated to a gene locus for 
CMT or related disorders. Such a gene 
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locus was postulated by Yakura et al^ 
who noted that their results with Marie's 
ataxia and HLA genotypes were un- 
derstandable if they assumed the ataxia 
gene locus to be on the sixth human 
chromosome near the HLA loci. This 
suggestion by Yakura et al has been 
supported by Jackson et al^ 


In conclusion, this review of two fam- 
ily members with CMT and BAbVCP 
demonstrates the importance of addi- 
tional neurologic evaluation of the cra- 
nial nerves in the patient and family 
with CMT or other heredodegenerative 
disorders. It is particularly important to 
evaluate voice or respiratory sympto- 
matology, which may represent involve- 
ment of the vagus. This involvement 
may be a significant genetic marker. 
Recognition of vocal cord paralysis in 
more than one family member may be 
a manifestation of a heredodegenerative 
disease; complete neurologic investiga- 


tion including EMG and NCV studies 


may reveal the true nature of the under- 
lying disorder. 
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LOSS OF SECRETORY ACTIVITY IN THE GLANDS OF NASAL POLYPS 
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Secretory activity in the glands of the nasal polyps from 15 patients with or without allergic 
histories was examined by using a direct (anti-IgA) or indirect (anti-SC) immunofluorescent 
technique. Glands were found in all the Pisonis nasal polyps, but in many, only a few were 
present. Active secretory process of IgA was observed in the intraepithelial glands of the cili- 
ated, pseudostratified epithelium and in some of the glandular ductules lined with simple, cu- 
boidal- epithelium. Most of the dilated glandular doctior on the contrary, appeared to be lack- 
ing in secretory activity of IgA. Such were commonly filled with mucus materials and their epi- 
thelial glandular cells showed no fluorescence for anti-SC, whereas the active IgA secreting cells 
showed a heavy fluorescence for secretory component (SC) in indirect immunofluorescent 
studies. Activity of the glandular ductules, therefore, was determined by examining the SC 
producing activity. In some extracted polyps, SC containing dilated glands were present. These 
active glands, however, lost the SC producing activity followed by the stasis of mucus flow in 
the lumen. Thus, when the glands were occupied by mucus materials, stretched and cystic de- 


generation ensued, 


-Etiology ‘and pathogenesis of nasal 
polyps have. been discussed by many 
investigators, however;. actual mechan- 
isms remain unknown. Nasal allergy is 
considered. to bë ene of the most im- 
portant factors in nasal polyps,'? but it 
has also been suggested that other 
agents, such as. viral infections? or endo- 
crine disorders,*^ can produce polyps 
in.the nasal mucosa. Concerning the 
etiology, müch attention has been given 
to the glands and various findings have 
been reported. Tos et al proposed that 
glands in the nasal polyps were formed 
from the surface ebitlbltum,t Cystic 
dilation of the glands arising through 
invagination of the surface epithelium 
of the polyps was also demonstrated 
by Taylor? On the contrary, Yonge 


considered that the dilated glands were. 


produced fróm nasal mucous glands.? 
This finding was’ supported by Cauna 
et al^ who used electron microscopy 
and found the same structure as seen in 
the normal nasal mucosa. 


In spite of these conflicting theories, 
_immunohistological studies on degener- 
ative changes of the glands have ap- 
parently not been reported. We focused 


our attention on the dilated glands in 
nasal polyps and observed their secre- 
tory activity by examining the distribu- 
tion of IgA and secretory component 
(SC) in the glands. Since the discovery 
of SC in secretory IgA (SIgA) in many 
external glands? it is known that SC 
is produced in the external acinar cells. 
It has been suggested that SC might 
act as a specific receptor for dimeric 
IgA and be secreted in the glandular 
lumen as SC bound SIgA.'?* Immuno- 
histological analysis concerning the lo- 
calization of SC, IgA and SIgA in 
glandular tissue, therefore, should dem- 
onstrate the secretory activity of the 
glands. As we detected SC in epithelial 
cells of acini and ductules in nasal 
mucosa, immunofluorescent analysis of 
the glands in nasal polyps should en- 
able detection of the mechanism of 
pathological changes of the glands and 


„lead to specifics concerning the degen- 


eration processes of the glands in nasal 
polyps. 
METHODS AND MATERIALS 
Tissue Specimens. Thirty-six nasal age 
from 15 Japanese patients (9 males, 6 fe- 


males) were extracted and prepared for ex- 
amination. The ages of these patients ranged 
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from 12 to 57 years. Every specimen was ex- 
tracted from the middle meatus under local or 
general anesthesia. After removal, the speci- 
mens were placed in 95% ethanol (4 C) for 
fixation for two to three days and then were 
cut into slices of 1 to 2 mm and the fixation 
was continued for five more days. The fixed 
tissues were then placed in absolute alcohol for 
dehydration at 4 C. The completely dehy- 
drated tissues were prepared for paraffin sec- 
tions as described elsewhere." Embedded tis- 
sues were cut into consecutive sections at 44 
in thickness, deparaffinated and were stained 
using a direct or indirect immunofluorescent 
technique.” After examination of the sections 
under a fluorescent microscope, the same sec- 
tions were also stained with H & E for routine 
histopathological examination. 


Antisera. Anti-IgA rabbit serum was pre- 
pared by immunization with a-chain compo- 
nent of human IgA isolated from the human 
colostrum. This antiserum was highly specific 
for the heavy chain of human IgA and showed 
a single precipitin line against human serum 
IgA and colostrum IgA by double diffusion in 
agar gel. No precipitin line was detected when 
this antiserum was reacted against purified 
human SC. Antirabbit gamma-globulin (anti- 
rGG) goat serum was a brined immunizing a 
goat with rGG. Antihuman secretory compo- 
nent (anti-SC) rabbit serum was purchased.* 
Specificity of these antibodies was confirmed 
by immunodiffusion and immunoelectrophore- 
sis before use. 


Immunofluorescent Study. Direct ( anti-IgA ) 
and indirect (anti-SC)  immunofluorescent 
studies were done. Anti-IgA and anti-rGG goat 
serum were labeled with fluorescein isothio- 
cyanate (FITC) according to the method by 
McDevitt.” In the direct immunofluorescent 
method, incubation with FITC-labeled anti- 
serum was carried out in a humidified chamber 
overnight at a room temperature of 20 C fol- 
lowed by a wash in four to five changes of 
cold PBS (4 C) at pH 7.2 for 15 minutes. The 
labeled sections were mounted with nonfluores- 
cent glycerin-PBS and observed under a Zeiss 
fluorescent microscope. 


For the indirect immunofluorescent tech- 
nique, the sections were first incubated with 
anti-SC rabbit serum at 37 C for one to two 
hours. After the antiserum was washed out care- 
fully with cold PBS, the sections were reincu- 
bated with FITC-labeled anti-rGG followed 
by washing and mounting as above. Control 
studies were carried out $ 
unlabeled antiserum. 


RESULTS 


Routine Microscopic Observations. 
Hyperplastic or ciliated pseudostrati- 
fied columnar epithelium was the most 
obvious in nasal polyps. Stratified epi- 
thelium with occasional squamous me- 


*Boehringer Institute, Hoechst, Japan. 


y incubating with- 


taplasia was observed in old, large 
polyps. The interstitium of the. polyps 
was very loose and edema was diffuse. 
Round cell infiltration was evident in 
every tissue section to greater and les- 
ser degrees. In inflammatory cells, plas- 
ma cells and eosinophils were the most 
prominent. Plasma cells were present 
throughout the edematous stroma with 
focal areas of. increased concentration 
around the glands. Eosinophils, in con- 
trast, were usually localized around the 
vessels and at the submucosal connec- 
tive tissue area. No consistent difference 
in the number or distribution of plasma 
cells and eosinophils was found be- 
tween individuals with or without a 
history of allergy. 


Glands were found in all the nasal 
polyps, but the density was consider- 
ably lower than that in nasal mucosa. 
Such were markedly different in size, | 
shape and distribution; the most striking ` 
were the dilated, glandular, *ductules. 
lined with simple; cuboidal or thin, 
stretched epithelium. Most- of these 
dilated glands were filled: with mucus 
materials in the lumen and cystic de- 
generation ^ was observed in some 
polyps. Large tubules with ciliated, 
pseudostratified epithelium containing 
intraepithelial glands were detected’ in 
the submucosal area of some polyps.. In 
five polyps from three individuals, 
closely packed. tubuloalveolar glands 
with a narrow lumen were noted. ‘These 
glands were localized in a limited area 
near the stalk of the polyps. 


Immunofluorescent Examination. Im- 
munofluorescent examination of the 
glands in nasal polyps revealed the 
secretory process of IgA. Intraepithelial . 
"secretory glands with a bright fluores- 
cence for IgA were.commonly seen. in 
the ciliated columnar pseudostratified 
epithelium. As demonstrated in Figure 
la, anti-IgA conjugate produced con- 
siderable fluorescence predominantly in 
the cytoplasm of the secretory epithelial 
cells. In contrast, few or almost no IgA 
secreting acinar cells were evident in ` 
the stratified, squamous epithelium. 
The active secretory process of IgA was 
much more pronounced in some glandu- 


v 





Fig. 1. Secretory glands in nasal polyps. a) 
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Intraepithelial secretory glands lined with 


ciliated, pseudostratified epithelium, stained for IgA ( X900). Submucosal connective tissue 
and plasma cells fluoresced. intensely. Note the fluorescence localized in cytoplasm and 
in intercellular spaces. b) Glandular ductules lined with simple, cuboidal epithelium, 
stained for IgA (X200). Numerous secretory glands showed fluorescence for IgA intra- 
oellularly. Positively stained plasma cells distributed around the ductules. c) The same 
section as b, stained with H & E (X200). Many round cells have infiltrated the stroma. 


lar ductules with. simple cuboidal epi- 
thelium (Fig. 1b). Staining pattern by 
anti-IgA conjugate resulted in a bril- 
liant fluorescence not only in the cyto- 


^.plasm of secretory cells but also in the 


intercellular space: of the glandular 
ductules. Mucus materials in the dilated 
lumen. also showed -bright fluorescence, 
but they may have been composed of 
SIgA as they also exhibited an intense 
fluorescence when incubated with anti- 


SC (see Fig. 3). 


IgA positive round cells were ob- 
served. in the loose stroma around the 
ductules. By staining the same section as 
in Figure, lb with H&E (Fig. Ic), as 
described previously, it became evident 
that about half or more of the round 
cells were IgA producing plasma cells. 
Almost no fluorescence for IgA was 
detected in the connective tissue 
ground. The distribution of IgA in the 
interstitium of nasal polyps, however, 
was not. consistent, as diffuse fluores- 
cence for IgA was seen in the stroma 
around other glandular ductules or in 
the submucosal area (Fig: la). Despite 
the presence of IgA secreting glandular 
cells; most of the dilated glandular 
ductules seemed to lack secretory 
activity. "The. glandular epithelium 
became thin and distended and was 
generally filled with mucus. Cystic 


degeneration was noted in some of the 


polyps. 


To assess the relation between the 
secretory activity and degenerative 
process of the dilated glands, we ob- 


served the presence of SC in the gland- 
ular epithelium of the extracted nasal 
polyps using an indirect immunofluo- 
rescent technique. As demonstrated in 
Figure 2a, bright and regular fluores- 
cence for SC was noted only in the 
locally ^ distributed tubuloalveolar 
glands. Secretory component was found 
to be localized in the cytoplasm of all 
the acinar cells and made a clear-cut 
boundary from the acinar lumen; this 
staining pattern resembled that of se- 
rous-type acinar cells seen in normal 
nasal mucosa.*!* Intraepithelial cells 
and glandular ductules which showed 
positive fluorescence for IgA (Figs. la 
and 1b) also reacted to anti-SC (data 
not shown). 


In contrast to the regular and heavy 
fluorescence present in such glandular 
cells, very faint or almost no fluores- 
cence was noted in the dilated gland- 
ular ductules with flat epithelium. The 
absence of SC was most prominent in 
the dilated ductules with a thin, dis- 
tended epithelium (Fig. 2b). It is note- 
worthy that these SC-negative glands 
were usually filled with mucus ma- 
terials. 


Although many of the dilated gland- 
ular. ductules were not stained with 
anti-SC, some glands with cuboidal epi- 
thelial cells still retained SC producing 
activity (Fig. 3b). In such glands, also, 
anti-SC staining revealed the presence 
of this component in the cytoplasm and 
intercellular spaces of the glands. How- 
ever, it is evident that not all the gland- 
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Fig. 2. Immunofluorescent localization of SC. a) Closely packed, tubuloalveolar- 
shaped glands (X200). Bright fluorescence for SC was distributed in all the glandular 
cells. Mucus materials were absent in the narrow lumen. b) Dilated, somewhat cystic, 
ductules with thin, stretched epithelium (X200). Mucus materials: in the lumen were 


strongly fluorescent. Note the lack of fluorescence in the ductal epithelium (arrow) 


ular cells contained SC and an irregular 
SC staining pattern was obtained. Stain- 
ing procedures by anti-SC, therefore, 
enables discrimination of the active 
(SC-producing) or inactive (SC no- 
producing) glandular cells of the same 
glands which seem to be structurally 
similar when routine H&E staining is 
applied (Figs. 3a and 3b). 

Despite the irregularity of SC pro- 
ducing activity, these glands retained 
their IgA secreting activity as the 


glandular cells in the section adjacent to: .: 
Figure 3b also:reacted to anti-IgA con- 
jugate (Fig. 3c). Although anti-IgA 
positive glandular cells were fewer than 
SC-positive cells, cytoplasmic or inter- 
cellular fluorescence in Figure 3c ascer- 
tains the entry of IgA into the glandular 
cells, or at least, into the intercellular 
spaces. 

To determine how the SC. producing 
activity is altered in the same glandular 
ductules, we followed the serial sec- 





Fig. 3. Comparative analysis of the adjacent sections stained with H & E (a), anti- 
SC (b) and anti-IgA (c). a) Routine H & E staining ( X200). Dilated glands lined with 
simple cuboidal epithelium. Note the thin epithelium with attached mucus materials (ar- 
row). b) Same section as a, stained for SC (X200). Heavy fluorescence distributed on 
the ductules and on the mucus materials. Note the irregular staining pattern: bright 
(single arrow) and faint (double arrow) fluorescence. c) Adjacent section to b stained 
for IgA (X200). Fluorescence was seen also in the mucus materials. Some of the glandu- 


lar cells showed positive staining. 
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' Fig. 4. Decrease of SC producing activity in glandular ductules; stained for SC 
(X200). Serial sections (4 thick) were prepared and every tenth section toward the 
.opening of the ductule was stained with anti-SC. a) 40, b) 80, c) 120, d) 160, e) 200 
and f) 2404 from Fig. 3c are shown. 
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tions in Figure 3b by staining with 
anti-SC as is shown in Figure 4. When 
the nearest section to Figure 3b was 
incubated, most of the glandular cells 
reacted to anti-SC, thus demonstrating 
the maintenance of SC producing activ- 
ity (Fig. 4a). In the following sections, 
the numbers of SC containing cells de- 
creased (Fig. 4b to 4d) and in the last 
two more dilated glands, about a half or 
more of the glandular cells lost their 
SC producing activity (Fig. 4e and 4f). 
These glandular ductules were filled 
with a great deal of mucus material 
and were distended. Moreover, the cells 
in contact with luminar mucus mate- 
rials did not produce SC in their cyto- 
plasm. These glands, therefore, were 
not able to transport the mucus, and a 
stasis resulted. 


DISCUSSION 


It was demonstrated by Tos et al^? 
that all the glands of nasal polyps 
formed from their own epithelium, and 
not from the nasal mucosa. These work- 
ers also reported that the glands degen- 
erate and become cystic due to the loss 
of transport activity and that stasis of 
the mucus flow follows. The dilated, 
mucus-filled glandular ductules which 
were most prominent in our study also 
show the impaired transport activity in 
nasal polyps. The staining pattern by 
anti-IgA conjugate, however, revealed 
that, at least in some glandular duc- 
tules, the secretory activity was re- 
tained. Moreover, the secretory activity 
of the glands could not be measured by 
the staining pattem by anti-IgA, as 
many active glandular cells not stained 
with anti-IgA conjugate were observed 
in the normal nasal mucosa.!*!? A rela- 
tively smaller number of IgA contain- 
ing cells than that of SC containing cells 
in Figure 3 ascertains that not all the 
viable (SC producing) cells contained 
IgA. 


The present study was undertaken, 
therefore, to determine the viability of 
the glandular cells by estimating the SC 
producing activity. As SC is known to 
be produced in the cytoplasm of the 
secretory glandular cells;*!»?* gland- 
ular cells showing a positive fluores- 
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cence for SC would indicate a viability. 
The absence of SC in the glandular 
epithelium of the dilated, mucus-filled 
ductules (Fig. 2b) demonstrates the 
loss of secretory activity. Secretory com- 
ponent producing activity; furthermore, 
seemed to be closely related to: the 
presence of luminar mucus materials, as 
glands which retained SC producing 
activity were not completely filled with _ 
mucus (Fig. 3). ois 


Why the SC producing activity is: 
impaired in the dilated..glandular' duc- 
tules requires further investigation. “A 
recent study of nasal polyps has shown 
mainly the stasis of mucus flow in the 
lumen. before ‘start of degeneration of 
the glands. The decrease of SC con- 
taining viable cells in.the: same gland- 
ular ductules in parallel with the intra- < 
ductal mucus retention (Fig. 4) sup- 
ports such a supposition. As intracellu- 
lar SC synthesis was impaired pre- 
dominantly in the glandular cells in 
contact with luminar mucus materials 
(Fig. 4), it is proposed that viability 
of the glandular cells is damaged as à 
result of the long stasis of mucus in 
the ductules. 


It should be noted, however, that not 
all the glandular cells produced SC 
equally in the same ductule which con- 
tained less mucus in the lumen (Fig. 
3b). The coexistence of active (SC- - 
producing) and inactive (SC no-pro- 
ducing) cells suggests the presence* of 
some other agent which determines the 
viability of the glandular cells in nasal 
polyps. Cauna and colleagues, in elec- 
tron microscopic studies, observed the 
same structure of glandular cells in 
nasal. polyps as in násal mucosa and 
they demonstrated the loss of secretory: 
nerves around. the glands in the 
polyps.^ Compression from the sur- . 
roundirig edematous tissue and obstruc- 
tion of the glands was reported by other 
authors.*?9?* Yet, the actual mechanism, 
of the loss of secretory àctivity in the 
glands of nasal polyps is ünknown. 


On the basis of our studies of the 
dilated glandular ductules, we propose 
that degeneration of the glands in nasal 
polyps follows impairment of the se- 






cretory activity of the rud cells as 
thé result of unknown factor(s). Gland- 
ular ductules then lose their transport 
activity and mucus materials accumu- 
late in the lumen, the viability of the 
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glandular cells is increasingly impaired, 
and the ductules become completely 
filled with mucus. These ductules di- 
late, the epithelium becomes thin, and 
cystic degeneration ensues. 
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ANEURYSMAL BONE CYST OF MAXILLA 


Kevin J. Kane, FRACS 


MELBOURNE, 


AUSTRALIA 


A case of aneurysmal bone cyst of the maxilla is reported. The clinical and radiological 
features, histopathology and treatment, are described in detail. Although the pathogenesis is . 
still obscure, surgical excision is considered to be the treatment of choice. | à 


Aneurysmal bone cyst was first de- 
scribed as a distinct entity by Jaffe and 
Lichtenstein. A number of confusing 
and diverse synonyms had previously 
been used, such as ossifying hematoma, 
expansile hemangioma and aneurysmal 
giant cell tumors.* 


Aneurysmal bone cyst is a benign 
lesion characterized by bulging or bal- 
looning of cortical bone due to the 
associated underlying expanding fibro- 
vascular mass. This expansion causes 
endosteal resorption and periosteal dep- 
osition of cortical bone. The condition is 
uncommon and found predominantly in 
the vertebral column and long bones.’ 
For a cyst to arise in the facial bones is 
rare. The present case describes the 
lesion arising in the maxilla of a 14-year- 
old boy. 


CASE HISTORY 


W. C., a 14-year-old boy, in October 
1973, developed recurrent bleeding from 
the left nostril associated with a swelling 
of the left eye. Later there was mild 
pain over the left cheek with accom- 
panying toothache and nasal obstruction. 
There was no previous history of trauma 
to the face or jaw. 


On clinical examination there was a 
left proptosis with marked swelling of 
the left cheek and broadening of the 
left side of the nose (Fig. 1A). A pink, 
fleshy swelling was seen filling the left 
nostril and this had displaced the sep- 
tum to the right side, with resulting ob- 
struction of the nostril. The swelling had 
extended into the postnasal space and 
was seen to be smooth and pale yellow 
in color, obscuring the posterior nares. 


A biopsy of the nasal swelling had 


been performed at another hospital and 
had been histologically reported, as an 
aneurysmal bone cyst. ie e 


Radiological examination of the si- 
nuses demonstrated opacification of the 
left maxillary, frontal and ethmoidal 
sinuses. Anteroposterior and basal skull 
tomography revealed the presence of 
extensive bone destruction affecting the 
posteromedial aspects of the left antrum 
extending to the pterygoid plates. 


Left carotid angiography demonstrat- 
ed the orbital branches of maxillary 
artery to be displaced posteriorly and 
the ophthalmic artery to be elevated by 
an almost avascular mass on the medial 
aspect of the left antrum and orbit. 
There was no evidence of any large 
feeding vessel to the mass, though a 
faint capillary blush was observed in the 
late stages of the angiogram. Computer 
tomography (EMI scan) demonstrated 
a high density abnormality on the medial: 
aspect of the left orbit, displacing the 
left eye forward. There was no evidence 
of any intracranial extension and the 
intracranial contents appeared normal. 


Further investigations including a 
chest x-ray, full blood count examination 
and estimation of the serum calcium, 
phosphorus, alkaline. phosphatase and 
five nucleotidase were performed and 
found to be normal. 


In order to accurately assess the limits 
of the lesion, the left maxillary sinus was 
explored by a gingivobuccal approach 
and the postnasal space examined. The 
swelling could be seen completely oc- 
cluding the posterior nares and as far 
as could be determined, the tumor had 
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Fig. 1. A) Preoperative photograph. There is a left proptosis with fullness of the 


.no obvious attachments. The full extent 
of the tumor however, could not be 
defined with this limited operation and 
it was decided that a more adequate 
exploration was required. i 


The maxilla was exposed via a 
Weber-Ferguson incision with a fronto- 
ethihoidal extension as used for excision 
of a maxilla. 


The skin flaps were elevated from the 
anterior surface of the maxilla and later- 
al surface of the nose and immediately 
the tumor was seen to have destroyed 
the anterior wall of the maxillary sinus 
in its outer half. The bone in the infra- 
orbital and ethmoidal region was very 
thin as a result of pressure and the tumor 
could be seen through it. The tumor 
occupied the whole of the maxillary 
antrum, the riasal cavity, ethmoid sinus 
and postnasal space. 


Further bone was’then removed from 
the anterior wall of the maxilla, the 
orbital and frontal. processes of the max- 
illa and the nasal bones, giving an ex- 
cellent. exposure of the tumor mass. It 
was then possible with blunt dissection, 
to mobilize the tumor fully within the 
antrum, the only attachment being to 
the mucosa covering the posterior wall. 


The tumor was seen to have a dumb- 
bell appearance with a constriction at 
the nasoantral wall, where it had passed 
into the nasal cavity through the middle 
meatus. After this mobilization, it was 
removed in toto. This left a huge con- 
tinuous cavity of the antrum and left 
nostril. The mucosa of the nasal wall 
was kept intact and placed over the 
floor of the antrum to facilitate healing. 


check and broadening of the left nostril. B) Two months postoperatively. ` 


A bismuth-iodoform-paraffin paste pack 
was placed into the antral and nasal 
'avities and the wound closed; this was 
removed six days later. 


Three weeks after operation the prop- 
tosis and swelling of the left cheek had 
disappeared and the patient is tumor 
free five years postoperatively (Fig. 1B). 





Fig. 2. Low power view of aneurysmal 
bone cyst. The section shows large vascu- 
lar spaces. Near these spaces large dark- 
ly staining giant cells can be seen. (H & 
E, X 38) 
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Fig. 3. High power view of aneurysmal 
bone cyst. Numerous red cells are pres- 
ent throughout the tissue along with sev- 
eral histiocytes. In the top right hand cor- 
ner a giant cell is present and the large 
vascular space appears to have no true 
endothelium. (H & E, X 96) 


Histology. The macroscopic appear- 
ance was that of a brown, honey- 
combed cystic tumor expanding and 
partially destroying bone. The capsule 
was new subperiosteal bone. The mi- 
croscopic appearance revealed large 
blood-containing spaces lined by granu- 
lation tissue with numerous giant cells 
and extensive interstitial hemorrhage 
(Figs. 2-4). The giant cells were not 
evenly distributed throughout the tis- 
sues, but in many cases were confined 
to the edge of the spaces. Collagen was 
present, but no smooth muscle nor 
elastin. Heavy deposits of iron were 
found. Histiocytes were found among 
the fibrocytes. The vascular spaces were 
not lined by endothelium. In effect, the 
"tumor" was a vascular granuloma. 


DISCUSSION 


Aneurysmal bone cysts are benign, 
localized and expanding fibrous lesions 


Fig. 4. High power view of one of the 
multinucleate giant cells present in the 
section. ( X 384). 


which contain an enormously dilated, 
plexiform vascular bed. As they expand, 
cortical bone is thinned, but usually a 
shell covering is preserved. Most aüthor- 
ities consider that the cyst is not a neo- 
plasm, but an aberration of a reparative 
process in bone. Geschickter and Cope- 
land' suggested that an | aneurysmal 
bone eyst develops as‘a.result of a sub- 
periosteal hemorrhage due. to an injury 
or local malformation and a subsequent 
aberration in tissue organization occurs. 
Bernier and Bhaskar? take this one step 
further and suggest that the injured 
blood vessel forms a type of arterioven- 
ous communication with the hematoma 
and that the cavernous plexus within the 
lesion is, in fact, part of the recanaliza- 
tion of the hematoma. 


In the present case, the blood channels 
were not dilated vessels, since tissue 
stains failed to show elastic or muscular 
tissue in the walls. There was no evi- 
dence that the lesion represented a “false 
aneurysm” of a blood vessel in which 
the attached hematoma had been re- 
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canalized. Carotid angiography demon- 
strated a relatively avascular structure 
and during the operation no major feed- 
ing vessels were encountered. 


Lichtenstein* suggested also that the 
aneurysmal bone cyst arises as a result 
of a circulatory disturbance, such as 
thrombosis of a large vein or anomalous 


_ arteriovenous communication with re- 


sultant dilatation and increased pressure 
within the vascular bed. This transfer- 
ence of arterial pressure to the venous 
side is thought to cause the pressure 


resorption effect of bone. 


Clinical. Features. The majority of 
cases occur in the 10 to 20 year age 
group, with a slight female preponder- 
ance. 


The most common presentation of the 
maxillary lesions is that of a slow, pro- 
gressive expansion of the maxilla, giving 
rise to either a swelling in the cheek or 
of the palate. Nasal obstruction is a less 


.; common feature and in all cases, pain 


has been absent. ` 


A history of ‘trauma: has been found 
in about 70% of cases. It is not clear, 
however, whether the trauma is the 
initiating factor. or the method by which 
attention is drawn to the lesion. 


Radiological. features are characteris- 
tic in.the long bones, where the lesion 
is usually eccentric and has a honeycomb 
or soap bubble appearance. The cortex is 
often destroyed and new periosteal bone 
formation is apparent. These features 
aré less apparent in the maxilla, but 
expansion: of the maxillary antrum may 
be demonstrated by tomography. Angi- 
ography is essential to exclude a naso- 
pharyngeal angiofibroma. 


Differesttial Diagnosis. Aneurysmal 
bone: cysts had been confused with 
giant cell tumors of bone (osteoclasto- 
ma). Indeed, limb amputation has been 
carried out on such histological criteria. 


. Giant cell tumors are, however, rare 


below 20 years of age and histologi- 


; cally, multinucleated giant cells are far 
‘more in evidence: occupying most of the 
microscópical field. Aneurysmal bone 


cysts have much in common with giant 
cell reparative granulomas of jaw bones. 
These lesions occur only in the mandi- 
ble and maxilla. Like aneurysmal bone 
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cysts, giant cell reparative granulomas 
are more common in the female, occur 
in the same age group and have the 
same clinical features. Histologically, 
the supporting connective tissues in the 
two lesions are identical except for the 
absence of blood spaces in the granu- 
lomas. 


Bernier and Bhaskar,’ extending their 
theory of pathogenesis of aneurysmal 
bone cysts, suggest that the giant cell 
reparative granuloma represents an or- 
ganized hematoma in which the dam- 
aged blood vessels fail to retain a cir- 
culatory connection with the lesion. 


It is interesting to note that in the 
case of aneurysmal bone cyst of the 
maxilla reported by Yarington,’ both 
histological types were present and he 
assumed that, in fact, two separate tu- 
mors were present. It seems more prob- 
able, however, that the appearances 
were due to the same lesion in different 
stages of development. Finally, it is im- 
portant to exclude the “brown tumor” 
of hyperparathyroidism. The histological 
picture of both these lesions often re- 
sembles the “brown tumor” closely and 
thus the chemical determination of 
serum. calcium, phosphorus and alkaline 
phosphatase is mandatory. 


Treatment. Since the lesion is benign, 
extensive or radical surgery is in general 
contraindicated. Most cases of aneurys- 
mal. bone cyst of the mandible appear 
to respond to simple curettage. 


Nine previous cases involving the 
maxilla have been reported in the world 
literature and all were treated surgi- 
cally.7°* Most only required a gingivo- 
buccal approach for their removal, but 
two required a partial maxillectomy. 
There is no mention of any recurrence 
in these cases, in contrast to the recur- 
rence rate observed in other areas of 
the body. 


When the location of the lesion makes 
it inaccessible to surgery, radiotherapy 
may be undertaken. The usual recom- 
mended dose is 1,400 to 2,000 rads.' 
Irradiation should, however, be resorted 
to with caution, since most of these le- 
sions occur in children. 


There is no report of malignant trans- 
formation of the tumor itself following 
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radiotherapy, but Tillman'? stated three 
cases of the 95 treated at the Mayo 


Clinic developed fibrosarcoma and oste- 
ogenic sarcoma at the tumor site. 
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The ‘effect of carbon dioxide on oxygen-tension in the endolymph. was determined by the 
micropolarographic technique. Different concentrations (5% and 10% CO:) and different ex- 
posure tines (3, 5, and 20 minutes) were investigated. The highest levels of Po: in the endo- 
lymph (10x7, 93.9 and 69.5 mm Hg) were accomplished by respiration of 10% CO», 90% O;, 
for 20, 5, and.3 minutes consecutively. The lowest Po: increase, 50.7 mm Hg was observed after 
breathing 5% €O., 90% O; for 20 minutes. Extreme hypercapnia caused an increase of endococh- 
lear potentials (EP) in all groups. In the second group EP increased from + 79.3 to +84.9 
and in all groups they had, returned to the pretreatment level after CO. discontinuation. These 
results support the theory that carbonic anhydrase participates in the generation of EP. At the 
same time that EP. increased, cochlear mícrophonics declined and opposite after the breathing 
mixture was discontinued: The results permit the conclusion that high. levels of Po: in endo- 
lymph is achievable.even with short periods of respiration with high CO: mixture, and suggest 


the role of carbonic anhydrase during EP generation. 


Sudden hearing.loss is a true medical 
emergency. Various: causés have been 
documented. Vascular lesions of the 
cochlea, viral infections, toxins; and 
noise are considered among its major 
causes. Experimental studies on animals 
have’ demonstrated; the - pathological 
changes in the inner. ear: following vas- 
cular obstruction. 


Recent attention ‘has been directed 
not only: toward recognition of its eti- 
ology, but also «toward its treatment. 
Carbon dioxide has long been known 
as a powerful vasodilator. Because of 
this property, its use for treatment of 
fluctuant and sudden hearing loss has 
been suggested by several authors.'"* 
The effect of carbon dioxide on blood 
‘flow has been studied by different tech- 
niques, such as electrical impedance 
plethysmography, or by the micro- 
sphere technique." From these experi- 
ments we have learned that carbon 
dioxide causes blood flow to increase 
substantially. However, these data do 
not assure us that the increased, blood 
flow, is directed to the stria vascularis. 





As we know, the capillaries of the later- 
al wall of the cochlea originate from 
four different capillary networks? and 
blood may even pass through arterio- 
venous arcades described by Agazzi." 
Past experiments of Misrahy et al; 
Mayahara and Pearlman,‘ and recent ex- 
periments of Fisch et al^ and Maass et 
al? have shown that carbon dioxide in- 
creases Po. in the cochlear fluids. 


The purpose of this article is to pre- 
sent how the ventilation. of different 
concentrations of CO. and different 
lengths of exposure influence endolym- 
phatic Po.. Our interest was focused on 
the dynamics of change during and after 
exposure to carbon dioxide, and its in- 
terrelationship with cochlear electro- 
physiology. 


METHODS AND MATERIALS 


The experiments were carried out on 27 
white guinea pigs, 350-400 gm weight. Whole 
experiments were done under sodium pento- 
barbital (20 mg/kg) ketamine hydrochloride 
(60 mg/kg) anesthesia. After completion of 
the surgical procedure, the animals remained 
restrained in light anesthesia to avoid the ef- 
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Fig. 1. Effect of ventilation with 5% 
CO.-95% O. for 20 minutes. Vertical bars 
represent the standard error of mean. 


fect of the barbiturate. The animals were 
maintained on artificial respiration by trache- 
ostomy which allows the animals to be ven- 
tilated by selected gas mixtures (Harvard Ap- 
paratus - Model 680). Hypercapnia was in- 
troduced by 5% CO.-95€ O: and by 10% CO.- 
90% O. Body temperature was kept in the 
range of 38 C by a termistor controlled heater. 
Endocochlear potentials (EP) and Po: were 
recorded from the first turn of the cochlea, 
and cochlear microphonics (CM) from the 
round window. An indifferent electrode was 
placed in the masseter. A 2 kHz 70 dB pure 
tone was transmitted by a TDH-39 (Tele- 
phone Dynamics Corp.) earphone to eluci- 
date CM. All potentials were amplified inside 
a sound proof room and recorded outside by 
a Nova 1220 Computer ( Data General Corp.). 
Oxygen sensitive microelectrodes were cali- 
brated before and after experiments in Ringer 
solution, which had been saturated by 100% 
N:, 10% O.-90% Nz, and air. Experiments in 
which the calibration curve was changed dur- 
ing the experiment were rejected. According 
to the calibration curve, measured current was 
then transferred into oxygen activity in milli- 
meters of mercury. The detailed procedure 
of microelectrode construction, calibration, 
and arrangement of the system was described 
in a previous article." All data were statistical- 
ly analyzed, and significance calculated by 
the t-test. Graphs were constructed according 
to the mean and the standard error of the 
mean. 


RESULTS 


In the first group, ten guinea pigs 
were ventilated with 5% CO.-95% O. for 
20 minutes (Fig. 1). The level of Po. 
increased rather gradually from the first 
minute and reached a new level in 
about 10-12 minutes. The measured Po. 
maximum at 12 minutes was 50.7 + 
3.80 mm Hg. After switching the res- 
pirator to^ atmospheric air, the Po. 
dropped to the pretreatment level in 
about two minutes. A significant eleva- 
tion of Po. lasted 20: minutes during the 
CO. ventilation, plus 2 minutes after 
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Fig. 2. Effect of ventilation with’ 10% 
CO., 90% O: for 20 minutes. Noté rapid 
increase of Po: and increase. gf. EP, but 
decline of CM, Vertical bars ori Po: curve 
represent the standard error’ of mean. 


respiration. In the same experimental 
group, EP increased in average from 
+ 78.8 -- L2 mV before, to + 81.6 
z- L3 mV at the twelfth minute. They 
retumed to the pretreatment level in 
about three minutes after discontinua- 
tion of CO.. The CM changes were too 
small in magnitude, to be significant. 


A second group of nine guinea pigs 
was ventilated with 10% CO.-90% O, for 
20. minutes (Fig. 2). There was a rapid 
increase .of “Po, in: the endolymph. It 
climbed in-the third: minute to 68.7 + 
7.2 mm Hg, in the fifth minute: to 82.5 
+ 6.59 mm Hg, and a maximum of 
98.6 — 101.7 — 7.45 to + 10:5 mm Hg 
was reached between the 12th and 20th 
minute. A steep decline was observed 
after discontinuation of high CO. res- 
piration during the first four minutes, 
when the Po. in endolymph dropped to 
41.7 + 5.51 mm Hg. In the next few 
minutes the decline continued more 
slowly and it was within the range of 
preexposure values in about 12: minutes 
after discontinuation of breathing the 
CO, gas mixture. The significant eleva- 
tion of Po. in endolymph lasted 20 
minutes during exposure and 12 minutes 
after exposure. 


Endocochlear potentials also started 
rising immediately after introducing the 
experimental mixture, from + 79.3 =+ 
12 mV to + 849 + 1.09 mV' within 
six minutes. Endocochlear. potentials, 
were increased during the whole period: ., 
of increased Po, in endolymph. There ' 
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. Fig. 3, Effect of ventilation with 10% 
CO., 90% O: for five minutes. Vertical 
bars on Po: curve represent the standard 
error of mean. 


was a slight, but significant decline of 
EP at the end of the experiment (P = 
0.02). At the same time that EP in- 
creased after introduction of high CO», 
the .averaged CM gradually declined 
from 427.9 „V at seven. minutes, and 
remained lowered for the period of 
breathing the high CO.-O. mixture. 
After introducing atmospheric air, CM 
increased immediately during the first 
minute; but on the average, did not re- 
turn to the pretreatment value. The dif- 
ference of CM before and after expo- 
sure was not statistically significant. 


In the third group, four guinea pigs 
were ventilated by the same mixture 
(10% CO.-90% O.) as in the second 
group, but exposure was shortened to 
five minutes (Fig. 3). A rise of Po. in 
endolymph started immediately after 
the onset. of respiring the experimental 
mixture and it reached 93.9 + 10.6 mm 
Hg in the fifth minute. Decline of Po. 
was also very abrupt, particularly dur- 
ing. the first four minutes. The original 
preexposure level was reached in about 
eight minutes after exposure. There was 
a significant elevation of Po. in endo- 
lymph. within five minutes during ex- 
“posure and this. elevation persisted for 
eight minutes after the gas mixture was 
discontinued. 


Endocochlear potentials followed a 
pattern similar to the previous group. 
They increased from + 79.2 + 1.9 mV 
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Fig. 4. Effect of ventilation with 107 
CO:, 90% O: for three minutes, Vertical 
bars represent the standard error of mean. 


to + 848 + 2.23 mV at the fifth 
minute, and gradually decreased to the 
preexposure level of + 80.4 + 1.50 
mV at 20 minutes. Cochlear micro- 
phonics declined after the animals be- 
gan to breathe high CO.-O. mixture 
as had been observed in the two pre- 
vious groups. The decline of CM toward 
the end of the experiment was not sig- 
nificant. 4 


The fourth group of guinea pigs was 
ventilated with 10%. CO.-902 O, for 
three minutes (Fig. 4). Three minutes 
after onset of respiration, Po. in endo- 
lymph reached 69.5 +: 13.1 mm Hg. 
After cessation of the experimental mix- 
ture, there was a gradual decline in Po, 
and it reached its previous value again 
in eight minutes. 


Endocochlear potentials and CM be- 
haved similarly as in the previous group. 
Endocochlear potentials rose to + 82.4 
+ 2.38 mV; CM dropped to 356 + 
38.3 „V during respiration of high CO.- 
O, mixture. Both potentials after ex- 
posure, returned to the pretreatment 
range of value. ; 


In the observed four groups ventilat- 
ed by high CO, (5, 10%) and O, (95, 
90%) the highest level of Po. in the 
endolymph was accomplished by respi- 
ration of 10% CO.-90% O. for 20 minutes. 
Exposure of such high levels of CO. for 
20 minutes in a large population may 
in some instances cause complications. 
It is more practical, therefore, to venti- 
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late with 10% CO, for three to five 
minutes. This also generates a tremen- 
dous elevation of Po, in the endolymph, 
and it lasts as long as eight minutes af- 
ter exposure. Ventilation with 5% CO.- 
95% O», also increased the Po, level in 
endolymph. However, the increase was 
much smaller with a maximum of 50.7 
mm Hg, and it lasted only two minutes 
longer than the exposure to the enriched 
CO. gas mixture. 


The increase of Po. in the endolymph 
was accompanied in each experiment 
by an increase of EP, and the increase 
was proportional to the increase in Po.. 
After discontinuation of enriched gas 
mixtures, EP gradually decreased to its 
original value. Cochlear microphonics, 
because of light anesthesia, had large 
variations. However, in most of the ex- 
periments (in 25 to 27) after the onset 
of CO.-O. respiration, their amplitude 
decreased (at the same time that EP 
increased), and the decréase was re- 
lated to the concentration and duration 
of the CO. exposure. 


DISCUSSION 


The normal Pco, in inspired air is 
about 0.3 mm Hg. When higher con- 
centrations of carbon dioxide are in- 
haled, there is an increase in aveolar 
Pco.. This decreases thé gradient for its 
transfer from mixed venous blood to 
alveoli and temporarily slows its elimi- 
nation by the lungs. There is an accum- 
ulation of CO, in the tissue and blood, 
producing a respiratory acidosis. 


Hypercapnia affects the transport of 
oxygen to the tissue in many different 
ways. It can shift the O, dissociation 
curve to the right, the direction which 
yields a high Po, for any given frac- 
tional O. saturation. It can widely acti- 
vate the autonomic nervous system and 
increase the plasma concentration of 
epinephrine. and norepinephrine." 
Hypercapnia in normal man causes in- 
creased respiratory rate and an increase 
of total vohime, increased cardiac out- 
put, elevated blood pressure and de- 
creased peripheral resistance. The local 
vasodilatation effect of CO. is therefore 
combined with the dilatation effect of 
epinephrine. Hypercapnic vasodilatation 
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of the cochlear and brain vessels. and 
the increase of blood pressure leads to 
a tremendous increase of cochlear blood 
flow, as has been documented in the 
work of Snow and Suga,' and Pollock 
et al? Since oxygen consumption. did 
not rise significantly within the cochlear 
duct, a large increase of Po: in this: 
tissue facilitates oxygen diffusion within 
the cochlea, wheré the level-of. Po. is 
low. Therefore, respiration;of high CO, 
and high O, could facilitaté-transport of 
oxygen to these. other ischemic, areas, 
even when conventional transport of 
oxygen through the microvasculature is 
locally altered. 


In the past, breathing of mixtures of 
high CO. concentrations has been ad- 
vocated mainly for CO* poisoning, 
where CO. increased tidal volume and 
speed.of elimination of CO from the 
blood. CO. has also been recommended 
postoperatively.to prevent atelectasis. 


Ventilation with a high concentration 
of carbon. dioxíde also has some disad- 
vantages. Some people, after breathing 
this mixture, experience dyspnea, diz- 
ziness, restlessness, paresthesias, sneez- 
ing, headache, palpitation discomfort 
and mental changes. High concentration 
of CO, also has a narcotic effect, and 
on rare occasions may trigger cardiac 
arrhythmias, particularly when arrhyth- 
mia threshold is changed by other fac- 
tors. When hypercapnia becomes ex- 
treme, and Pco: no longer serves as an 
appropriate stimulus for ventilation at 
that time, the most important stimulus 
is hypoxia. In conditions in which a 
patient is ventilated with a mixture of 
high CO. and high O. this stimulus is 
absent. The resultant diminished venti- 
lation may lead to confusion and coma. 
This should be interpreted as a neces- 
sity for close observation of patients 
treated with the gas mixture: of high’. 
oxygen and high carbon dioxide for long 
periods of time. Also observed: has -been 
a sudden decrease of. blood: pressure. 
after cessation of CO, breathing. ^. = 


These and other factors led us to in- 
vestigate what exposure to CO., in terms 
of concentration and duration, will re- 
sult in substantial vasodilatation and in- 
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creased. endolymph Po; without jeopar- 
dizing the.patient's health. 


'The veritilatory response to hypercap- 
nia is'selectively depressed by anesthet- 
ics. Berkenbosch: and Adam". showed 
that the- slope. of «the CO, response 
curve i$ elated. to the- pentobarbital 
dose rate ‘and that. increases of calcium 
concentration in cerebrospinal fluid pro- 
duce a decrease in ventilation. We 
therefore held our animals in light anes- 
thesia after surgery, to avoid these ef- 
fects. A reduced dose of barbiturate 
was supplemented with ketamine hy- 
drochloride which has very little effect 
on respiratory responses. However, light 


anesthesia has increased the variation of 
the CM. f f 


: In our experiments we investigated 
how different- concentrations and dif- 
ferent exposure time would affect Po. 
-in endolymph during and after expo- 
sure. The endolymphatic Po. was ob- 
served to be elevated in all the experi- 
mental groups. The level of Po. in en- 
dolymph was: directly proportional to 
the CO. concentration respired, as well 
as to its time of exposure. The highest 
level was reached -after ventilation of 


10% CO.-90% O., for 20 minutes; and the ` 


lowest level followed 5% 'CO., 95%. O. 
for 20 minutes. The elevation of. Po. in 
endolymph after cessation of exposure 
was. longest in groups.which had a 20 


minute and a 5 minute exposure to 10% 
CO.-90% O.. 


Murata and Fiseh"™ observed that fol- 
lowing inhalation of 5% CO. and 95% O, 
there was an increase in perilymph Po. 
of over 100 mm Hg. In our experiments, 
after inhalation of the same mixture and 
measuring Po. in endolymph, Po. rose 
only, to about 50 mm Hg. 


The. differences between the two 
above observations are probably due to 
..the difference in blood supply of the 
' scala media and scala vestibuli. Peri- 


lymph in the scala vestibuli receives its : 


oxygen from the arteries originating 
from the cochlear artery within the 
modiolus,. continuing on the upper and 
lateral walls.of the cochlea, entering the 
spiral ligament for final ramification. 
The endolymph probably receives its 
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oxygen mainly from the dense capil- 
lary network in the stria vascularis. 
However, because of the large meta- 
bolic rate in the stria vascularis, the 
largest portion of oxygen is used in its 
tissue, and only the remaining part dif- 
fuses into the endolymph. Diffusion of 
oxygen through the basilar and Reiss- 
ners membrane is probably much smal- 
ler, but this remains to be further in- 
vestigated. 


The effect of ventilation with a high 
CO.-O. gas mixture on EP is possibly 
brought about through a different 
mechanism. There is an abundant in- 
crease of oxygen, which may influence 
cell metabolism. Hypercapnia also shifts 
the O, dissociation curve in the direction 
which yields a high O. saturation. How- 
ever, a substantial increase of carbon 
dioxide in blood generates respiratory 
acidosis. At the same time, elevated 
carbon dioxide affects the carbonic 
anhydrase present in the stria vascu- 
laris.'^'* This possibly decreases the pH 
of endolymph by pumping more H+ in- 
side or HCO-, out of the scala media, 
thus causing the EP to rise. 


In another group of experiments," it 
was proved that elevation of EP during 
hypercapnia could be inhibited with 
carbonic anhydrase inhibitors (aceta- 
zolamide and methazolamide). In that 
work, under specific conditions, it was 
observed for the first time that carbonic 
anhydrase affects the generation of EP. 


Most authors agree that there is a 
certain relationship between EP and 
CM, but the very different behavior of 
CM after onset of ventilation with a 
high CO. mixture was observed in our 
experiments. In most experiments (25 
out of 27), after ventilating with high 
CO. mixtures, CM decreased at the time 
when EP increased. Tonndorf' ex- 
plained early hearing loss during endo- 
lymphatic hydrops as a result of in- 
creased pressure in the membranous 
labyrinth. Similarly, hypercapnia may 
increase pressure of the cochlear fluids. 


This increase in pressure may result in 
a decline of the CM. 


The most effective gas mixture ad- 
ministered was 10% CO.-90% O. for 20 


ENDOCOCHLEAR Po: 


minutes. This gave rise to extremely 
high levels of O, in the inner ear, not 
only during its application, but also for 
12 minutes after its cessation. We also 
observed that the highest slope of Po. 
increases during the first four minutes; 
and after that time, the rise of Po. is 
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only fractional. Mccordiui nos 4 experi- 
ments, even a-short: period of,ventilation 
of 10€ CO.-90%-O; (9 minutes) induces 
a high level of Po; in the cochlea: The 
mechanism of EP increase and. CM de- 


crease during hypercapnia. is ny N ^" 


being investigated. 
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Nasal airway resistance (NAR) was assessed from the slope of pressure-flow curves ob- 
tained during normal. nasal breathing. Volunteers were classified as atopic or nonatopic accord- 
ing to strict criteria. 100 ppm NH; was introduced into each nostril for periods ranging from 5 
‘to 30 seconds with ‘frequent NAR monitoring. A progressive increase in NAR responses was ob- 
tained with incremental NH; exposures, but no significant difference was noted between the 
mean response of atopic and nonatopic subjects. Control exposures to compressed air under the 
same pressure. generally produced only a small change in NAR, while aerosolized buffered sa- 
line increased NAR more than compressed air. The nasal response to NH; was effectively in- 
hibited by intranasal atropine administration but not by chlorpheniramine. The described pro- 
cedure provides a safe and simple method for studying semiquantitatively the short-term ef- 


'fects of inhaled irritants on the nose. 


^. Although, a number of studies have . 


'examined the response of the nose to 
pharmacologic, agents and allergens, the 
nasal effects of irritants have received 
scant attention. We have recently moni- 
tored the nasal airway resistance (NAR) 


changes induced by buffered saline, iso- - 


proterenol, atropine, histamine, metha- 


choline and ragweed solutions in atopic: 


and nonatopic subects.'?. The. present 
study concerns the effects of an irritant 
(ammonia gas) on nasal airway resis- 
tance and the inhibition of such effects 
with atropine and chlorpheniramine. 


MATERIALS- AND METHODS 
* NAR was determined as previously re- 


»._ported.** Briefly, asal air flow was measured 
“through ‘a pneumofachograph attached to a 
saiiask covering the face. The pressure drop 
across the nose was estimated as the differ- 
enee-between the pressure in the oropharynx 
sampled through a catheter held between. the 
lips and that simultaneously in the mask ex- 
ternal to the nares. Via electronic transducers, 
this pressure drop was displayed on the x-axis 
of an oscilloscope screen and flow on the y- 
axis; NAR was calculated. from the slope of 
this: pressure-flow curve near 0 flow in expira- 
tion. Aerosol challenges were delivered from 
a DeVilbiss. No. 251 atomizer activated by a 
portable compressor ( Maxi-Myst9) at a pres- 





sure of 26 newtons/sq cm. The volume de- 
livered (0.1 ml + 10% per spray) was con- 
trolled by a solenoid timing unit regulating 
the compressor. 


As in a previous study,’ volunteer subjects 
were screened by a questionnaire, physical 
examination, spirometry, nasal smear for eosi- 
nophils, and a battery of 19 prick and 6 in- 
tracutaneous tests. Participants were desig- 
nated as “atopic” only if there was a charac- 
teristic history of allergic rhinitis and season- 
al exacerbation thereof as well as one or more 
3+ or 4+ prick test reactions. Subjects con- 
sidered “nonatopic” fulfilled all of the fol- 
lowing criteria: no personal history of atopic 
disease (allergic rhinitis, asthma or atopic der- 
matitis); no such disease among their siblings 
or parents; negative prick reactions (with no 
more than an equivocally positive intracu- 
taneous test); and no more than about 54 
eosinophils on their nasal smear. More than 
half of the volunteers were rejected because 
they did not fulfill these rigid criteria for be- 
ing either atopic or nonatopic. A decision 
about the presence or absence of asthma, in 
addition to hay fever, was based mostly on 
history. All volunteers had been symptom- 
free for at least several weeks before being 
studied and none was taking medications 
known to influence skin or mucosal tests. No 
subject had nasal polyps or major nasal air- 
way obstruction due to other anatomical ab- 
normalities. 


Subjects first became acclimatized to the 


From the Department of Internal Medicine, University of Michigan Medical School, Ann 
Arbor, Michigan, This study was supported in part by grant AI 10391 from the National Insti- 


tutes of Health. 


228 


EFFECT OF AMMONIA ON NASAL AIRWAY RESISTANCE 229 


ambient temperature and humidity of the test 
room for 30 minutes. Then eight measure- 
ments of baseline NAR were made during a 
15-minute-period. Following this, ammonia 
gas at a concentration of 100 ppm (in air) 
was introduced into each nostril for five sec- 
onds. This was accomplished by directing the 
gas from the storage tank at a pressure of 9 
newtons/sq cm into the orifice of one naris, 
care being taken to try not to touch the nasal 
mucosa with the tip of the tube. Duration of 
delivery was regulated by a solenoid timing 
unit. The subject suspended respiration dur- 
ing the procedure. After briefly shutting off 
gas flow, NH; was at once introduced into the 
opposite nostril in a similar manner. Then 
NAR was measured evey minute for five min- 
utes and every two minutes for an additional 
ten minutes. After this 15-minute-period, NH. 
was introduced into each nostril for 10 sec- 
onds and NAR monitored as previously. In 
most experiments 15 and 20 second-exposures 
of each nostril to NHs were also employed at 
15 minute intervals. The final test in each 
series was a control challenge with compressed 
air delivered into each nostril for 20 seconds 
under the same pressure as utilized for NH; 
challenge. 


In experiments where the capacity of vari- 
ous solutions to inhibit nasal response to NH: 
was evaluated, the following materials were 
administered sequentially into each nostril 
after acclimatization to the test room and mea- 
surement of baseline NAR: 0.1 ml aerosolized 
phosphate-buffered saline (PBS), 20 second- 
NH; gas exposure, 0.1 ml aerosolized inhibitor 
agent, 20 second-NH: gas exposure, and 20 
seconds of compressed air. NAR responses’ to 
each agent were monitored as described above, 
and the various challenges were made at 15- 


minute-intervals since the agents reported up-. 
on here usually produced only transient changes. 


in NAR. Atropine sulfate generally was used 
in a concentration of 1 mg/ml since previous 
work’ had shown that higher concentrations 
of atropine in themselves tended to produce 
an irritative increase in NAR, whereas 1. mg/ 
ml atropine sulfate does inhibit completely the 
effect of methacholine given 
Likewise, chlorpheniramine maleate was used 
in a concentration of 3 mg/ml to avoid the 
more irritating effects from higher drug con- 
centrations, while this dose suffices to in- 
hibit completely the intranasal effects of high 
concentrations of histamine. To aid inter- 
pretation of the results of these inhibition 
tests, observations also were made on the ca- 
pacity of atropine to inhibit nasal responses 
to histamine. Preliminary tests were done with 
incremental concentrations of aerosolized his- 
tamine solution to determine a dose which 
produced about a 200% increase in NAR. On 
a subsequent day this concentration of hista- 
mine was substituted for NH; in the procedure 
described above. 


Ammonia gas was obtained;? the claimed 
NH: concentration was verified by passing 


intranasally. | 


of the four levels of exposure to NÉ 


the gas through 0.1 N H;SO, and analysis 
with Nessler’s reagent against an NH,CI stan-~ . 
dard. When the gas was delivered under a 
pressure of 9 newtons/sq cm in these experi- 
ments, flow was found to be 5.5 liters/min as , 
measured by a Fischer-Porter rotameter. Us- 
ing an NH; concentration of 100 ppm, 0.36 
LAM NH; is delivered in ten seconds under 
these conditions. o. 


RESULTS 


To establish a suitable dosage range 
for NH, challenge tests, preliminary ob- 
servations were made-to determine the 
amount of NH, required to produce a 
greater than 1002 increase in NAR, a 
response shown to be significant in pre- 
vious studies; 1.44 „M NH, (20-second- 
exposure in each nostril) sufficed for. 
this purpose in 10 of ll subjects. This 
did not produce excessive ~ subjective 
nasal irritation, and the effect was only 
transient, NAR generally falling back to 
the baseline level within the-usual 15- 
minute-observation period. Extending" 
the NH, challenge to 2.16 „M (30- 


_second-exposure in each nostril) often .. 


did not produce a substantial further“ 
increase in NAR, and some subjects. had 
difficulty in suspending respiration for 
two consecutive 30-second-periods. Pre- 
liminary observations also showed that 


.the “NAR “responses to control com- 


pressed air: exposures did not consis- 


tently increase as their duration was ex- 


tended from.5 to 30 seconds in each 
nostril; as discussed below, the magni- 
tude of NAR responses to compressed 


air was small. 


Figure I shows the percent. NAR in- 
creases ir atopic and nonatopic subjects 
following inerémental exposures to NH.. 
The apparent lack of significant differ- 
ences between the two groups: at any!’ 






3 
was confirmed by Student's t test. With- 

in the atopic group there also were"no. - 
significant differences between the al- 
lergic rhinitis subjects with (0) and 
without ( A) a history of asthma. The 
baseline NAR values did not differ sig- 
nificantly between the atopic and non- 
atopic groups (1.23 + .21 and 1.03 + 
26 cm H,O/liter/sec, respectively ). 
Furthermore, the mean percent NAR ïn- 
crease following 20 seconds of exposure 


*Liquid Carbonic Co, Chicago, IL, or Matheson Gas Co, Joliet, IL. 
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54 uM 
(15 SEC) 


72 uM 
(20 SEC) 


Fig. 1. Percent increase in NAR shown by nonatopic (NA) and atopic (A) sub- 
jects after the indicated exposures of each nostril to NH;. The mean + 1 SD are depicted. 
O - Allergic rhinitis subjects without asthma; A - Allergic rhinitis subjects with a his- 


tory of asthma. 


to compressed air in;each nostril was 
comparable for the: atopic and non- 
atopic groups, averaging 15%. This was 
significantly less. than the increased 
NAR following even 5 seconds of NH, 
exposure. If percent. NAR increases af- 
ter 20-second-exposures to compressed 
air in each nostril are subtracted from 
each individual value in Figure 1, no sig- 
nificant differences between the atopic 
and nonatopic groups emerged. 


Figure 2 shows the effect of aerosol- 
ized 1 mg/ml atropine sulfate on sub- 
sequent NH,-induced increases in NAR. 
The values. shown | indicate percent 
changes from the initial mean baseline 
NAR; and in all cases the increases in 
NAR after NH; or saline or the de- 
creased NAR after atropine had re- 
tumed to near baseline values before 
the subsequent nasal challenge. As in- 
dicated, the NAR response to the sec- 
ond NH, exposure was markedly atten- 
uated in all cases by atropine; the mean 
percent inhibition was 89%. Additional 
controls (not shown) subjected to a 
second NH, exposure not preceded by 
atropine showed an unchanged response. 


The data also indicate that atropine in- 
hibited NH, responses in both non- 
atopic and atopic subjects. 

Figure 3 shows results of five experi- 
ments of identical design except that 
3 mg/ml chlorpheniramine maleate was 
substituted for atropine. In contrast to 
atropine, chlorpheniramine itself tended 
to produce a small increase in NAR, but 
this had returned to near baseline levels 
before the following challenge with 
NH.. It is seen that in no instance, with 
either nonatopic or atopic subjects, did 
the antihistamine produce substantial 
inhibition of the NH,-induced increase 
in NAR. 


To assist in interpreting the foregoing 
results, the capacity of 1 mg/ml atro- 
pine sulfate to inhibit nasal responses 
to histamine was determined. It is ap- 
parent from Table 1 that atropine was 
noninhibitory under the conditions em- 
ployed. 

DISCUSSION 


Ammonia was selected as an "irritant" 
agent for study because of its known 
chemical structure, capacity to be readi- 
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BASELINE PBS 
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Fig. 2. Inhibition of NHs-induced changes in NAR by atropine. See legend to Fig. 1. 
. MA d 


x - Nonatopic subjects. 


ly assayed, high water solubility (re- 
sulting in predominant upper airway 
removal), well-defined clinical toxi- 
cology, and commercial availability. Ex- 
perience has shown, however, that it is 
important to verify the claimed concen- 
tration of NH, obtained from commer- 


PERCENT CHANGE IN NAR 


BASELINE BUFFERED 
SALINE 


Fig. 3. Attempted inhibition of NH.-induced changes in NAR by 


See legend to Fig. 1. 
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cial sources. Animal studies including 
the nasal effects of NH, inhalation have 
been carried out’ in rats, guinea pigs, 
rabbits, monkeys. dogs and pigs." 
About 255. of .rats demonstrated nasal 
discharge during continuous exposure 
to 377 ppm, and this occurred in dogs 


CHLORPHEN- 


NH3 
| RAMINE 


#1 


NH3 
#2 


chlorpheniramine. 
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at 654 ppm NH). “Irritation of the nose” 
was described" in pigs with exposure to 
280 ppm. of ammonia.: The combined 
“exposure to ammonia (100 ppm) and 
organic: dusts: (commercial corn starch 
and ground kernel corn) produced 
epithlial thickening and a significant de- 
crease in goblet cells of pigs nasal tur- 
binates after two weeks.* 

In human experiments it has been 
found that 83% of NH, is retained in 
the nose when delivered at a flow rate 
of 18 liters/min and a concentration of 
72 ppm. Five-hundred ppm of NH, 
delivered for 30 minutes by naso-oral 
mask produced persistent nasal stuffi- 
ness and nose and throat irritation simi- 
lar to.a "cold."* Exposure of the entire 
head to concentrations of 30 and 50 
ppm for 10 minutes produced “irrita- 
tion" rated as moderate in four human 
subjects." In-another study ten humans 
all experienced nasal irritation at 32 
ppm concentrations of ammonia after 
a five-minute exposure.'? In our 23 sub- 
jects, only 11 complained of nasal irrita- 
tion after exposure to an ammonia con- 
centration of 100 ppm for up to 30 sec- 
onds in each nostril. However, all these 
subjects showed significant nasal re- 
sponses when their NAR was monitored 
by a semiquantitative method. Pattle 
, previously reported increased NAR af- 
ter. NH, exposure in one subject.'? From 
the standpoint of systemic toxicity, the 
exposures employed by us would seem 
quite acceptable when compared with 
the National Institute for Occupational 
Safety and Health's recommended en- 
vironmental standard of 50 ppm as a 
ceiling not to be exceeded continuously 
during an S-hour-workday.'* In addition 
to safety, the simplicity of the technique 
also^"recommends it as a model system 
for studying short-term effects of irri- 
tants in the human nose. Another favor- 
` able aspect of this experience has been 
"the relatively small increases in NAR 
produced. by the control 20-second-ex- 
posures.to compressed air into each 
nostril. These responses averaged 15% 
. for the combined atopic and nonatopic 
" group. when tested at the end of a series 
of challenge tests. In comparison, spray- 
ing 0.1 ml PBS in each nostril under the 
conditions used in our laboratory results 
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in a mean NAR increase of 22% after 
the first exposure and considerably 
higher values after administering PBS 
six times." Accordingly, gaseous irritants 
need to produce considerably less in- 
creases in NAR to indicate a significant 
effect than nasally aerosolized solutions 
of irritants or allergens. In the present 
experiments the NAR increases pro- 
duced even by five seconds of NH, 
exposure into each nostril were signifi- 
cantly greater than those elicited by 20 
seconds of compressed air (P« 0.05 by 
Student's t-test). Finding no difference 
in the responses of atopic and nonatopic 
persons to nasal NH; administration is in 
accord with our previous experience that 
these two groups responded similarly to 
intranasal histamine and methacholine.” 


The increased NAR. produced by 
NH, most likely is due to vascular dila- 
tation in the nasal mucosa and/or 
edema resulting from increased vessel 
permeability, although excess nasal se- 
cretions also could play a role. Mech- 
anisms whereby NH, may exert its ef- 
fects on the nasal vasculature include 
direct effects on the blood vessels, re- 
lease of mediators from mast cells, and 
autonomic reflexes involving parasym- 
pathetic!^!* or beta-adrenergic stimula- 
tion.' It also is possible that autonomic 
stimulation could modulate secretion of 
vasodilator mediators from nasal mast 
cells. The failure of an antihistamine, 
chlorpheniramine, to inhibit the effects 
of NH, on NAR reduces the likelihood 
that mast cell histamine release is an 
important mechanism in this process. 
On the other hand, the pronounced in- 
hibition obtained with atropine suggests 
that the effect of NH, is largely medi- 
ated by parasympathetic reflex effects 
on the nasal vasculature. Previously we 
found that this same mechanism is like- 
ly to be operative in nasal responses to 
aerosolized PBS, since they are inhibited 
by atropine.’ In contrast, the responses 
to histantine were not inhibited by atro- 
pine (Table 1), suggesting a direct 
effect on the vasculature. These obser- 
vations are in accord with the supposi- 
tion that the nasal effects of ammonia 
are not mediated primarily by histamine 
release. Inhibition by atropine of bron- 
chial responses to irritants, histamine 
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NASAL 


INCREASES IN 








Percent Increase Above Baseline NAR 





Baseline 
Subject NAR? Buffer Histamine 1 Atropine Histamine 2 

NA 1.43 8% 103% 24% 103% 
A-S 1.06 15 118 ^30 18 - 
NA 0.83 11 135 39 135 

A-S 1.53 11 161 39 135 

A-S 0.89 12 110 —29 149 

NA 1.04 1l 122 33 122 


NA - Nonatopic; A-S - Atopic without symptoms. 


*cmH:20O/liter/sec. 


and allergens has been reported in ex- 
perimental animals''? and man,®?! 
though there is not uniform agreement 
about this matter. NH, has been 
reported to have a direct effect on bron- 
chial smooth muscle in dogs in addition 
to producing reflex bronchoconstric- 
tion.” 


Other volatile irritants have been 
shown to increase NAR.?*?* Nasal ad- 
ministration of SO, also results in a de- 
creased mucus flow rate and decreased 
forced expiratory volume on pulmonary 


testing.” Other gases of potential clini- 
cal interest could easily be substituted 
for NH, in the procedure described 
here to study short-term effects on‘ nasal 
patency. In addition to measuring NAR, 
subsequent work might profitably seek 
to identify the locus of resistance 
change or measure maximum inspiratory 
nasal air flow.” Observations on nasgF 
effects of irritants should be particularly 
helpful in gaining insight about possible 
mechanisms responsible for the common 
but vague syndrome designated (non- 
allergic) “vasomotor rhinitis.” 
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HYPERNEPHROMA METASTATIC TO THE PALATINE TONSILS 
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Review of the literature discloses 76 cases of carcinoma metastatic to the palatine tonsil. 
Of these cases reported or mentioned, 51 were detailed sufficiently or occurred frequently enough 
to allow analysis. We add two new cases of hypernephroma, and also study the courses of pa- 
tients with primaries of the stomach, breast, lung and melanoma and seminoma. Bilateral tonsil- 
lar involvement is found to be very common in melanoma and not uncommon in seminoma: and 
adenocarcinomas of the stomach and breast. It is uncommon for bronchogenic carcinoma and 
hypernephroma to metastasize to both palatine tonsils. When laterality is present the left tonsil 
is more commonly involved than the right, except by melanoma. Regarding neoplastic involve- 
ment of the primary organ, the left side gives rise to malignancies more often than the right 
side. Only seminoma has a high incidence of cervical node involvement. Over 77% of patients. 
have evidence of other metastases. The mean time interval between development of the primary 
and the tonsillar secondary is one year or less in seminomas, bronchogenic carcinomas and adeno- 
carcinomas of the stomach, but 2% years or more for adenocarcinomas of the breast and kidney 
and melanomas. The mean time of survival after appearance of the tonsillar metastasis is nine 
months or less, regardless of the cell type of the primary malignancy. 


Hypernephroma, with its propensity 
for blood-borne metastases, is one of the 
more common carcinomas metastasizing 
to the palatine tonsil. We have reviewed 
the literature after having encountered 
two patients, with. this problem. We 
stress the similarities and differences in 
the clinical course of patients with this 
disease, and patients with other carci- 
nomas metastatic to the same organ. 
Sarcomas and reticuloendothelial tumors 
have been excluded from this study. In February 1974 she developed 
odynophagia, and a 3 em necrotic mass 
was found in the superior pole of the 
left tonsil. There was no cervical adeno- 
pathy. Biopsy revealed metastatic hy- 
pernephroma, and the Depo-Provera® 
injections were resumed, but had no clin- 
ical effect on the tonsil lesion. She then 
received 5400 rads ""Co radiotherapy to 
the tonsil metastasis with an: pacallent 
initial response.. 


In June 1972 she had hemoptysis. 
Isolated pulmonary metastases were 
found and'she underwent right middle 
and lower lobectomy. 


In September 1973 she again had he- 
moptysis, and a right mediastinal mass 
was found which was treated with 5000 
rads *"Co radiotherapy. She was started 
on Depo-Provera®, 600 mg, weekly in- 
jections. 


CASE REPORTS 


Case 1. This Caucasian female was 
first seen in January 1963 for evaluation 
of a 10 cm, left lower quadrant mass 
first found about one year before during 
a routine obstetric examination. She was 
30 years old. Intravenous pyelogram fol- 
lowing delivery revealed a cystic mass 
of the lower pole of the left kidney, 


confirmed by nephrotomograms. Her In August 1974 the left tonsillar mass 


complete blood count and urinalysis re- 
vealed no abnormalities. A left nephrec- 
tomy was done. Histopathological ex- 
amination revealed  hypernephroma 
without major vessel invasion. 





reappeared and enlarged in spite of, 


further chemotherapy. including Cytox- 


an®, methotrexate, 5-fluorouracil and 
Oncovin®.. She’ underwent. a palliative 
left tonsillectomy in March 1975, histo- 
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pathology confirming, again, hyperne- 
phroma. metastatic to the left tonsil. 


She subsequently developed a peri- 
cardial. effusion requiring partial peri- 
cardiectomy, and received further che- 
motherapy consisting of*BCG vaccine, 
Depo-Provera? and Adriamycin?, but 
her pulmonary. metastases continued to 
enlarge. She developed bronchopneu- 
monia and expired April 23, 1975. Au- 
topsy was not permitted. 


Case 2. A 54-year-old Caucasian male 
with a sore throat for 2% months had 
been treatéd with antibiotics. He was 
referred to the University of Oklahoma 
Health Sciences Center. because of 
hemorrhage from the left tonsil, dys- 
phagia and odynophagia. Examination 
revealed a slightly enlarged left tonsil 
covered with a blood clot. There was 
no cervical adenopathy. The admitting 
hematocrit was 52.7% and urinalysis was 
normal, Chest roentgenogram revealed 
multiple nodules in both lungs. Excision- 
al biopsy of the left tonsil was done 
February 26, 1973, and histopathological 
examination was compatible with meta- 
static hypernephroma. Intravenous pyel- 
' ogram and nephrotoemograms indicated 
a tumor mass of the lower pole of the 
left kidney, and left nephrectomy and 
adrenalectomy. was done. The micro- 
scopic. examination confirmed the diag- 
nosis of hypernephroma. The tumor was 
encapsulatéd and the renal artery and 
vein were: free of tumor. 


Two months later he had headaches, 
and a brain sean revealed metastases. 
A chest roentgenogram showed an in- 
crease in the number and size of the 
pulmonary metastases. He received 4400 
rads °°Co radiotherapy to the brain 
metastases. He subsequently received 
2000 rads *?"Co: radiotherapy to a sus- 
pected metastatic focus in the right hip 
in September, but died October 28, 
1973. Autopsy was not permitted. 


" PATHOPHYSIOLOGY 


There are several routes by which a 
tumor in one organ may reach another 
organ. The first is by direct extension 
from the primary organ to the secondary 
organ through some contiguous struc- 
ture. 


Lymphatics represent another route of 
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metastasis. This may be by direct per- 
meation along lymphatic channels or by 
tumor emboli, and it has been suggested 
that this may occur in either an ante- 
grade or retrograde fashion. Epithelial 
malignancies disseminate commonly by 
this anatomical conduit. 


The hematogenous route would ap- 
pear to account for the great majority 
of metastases to the palatine tonsils. This 
method .of metastasis is particularly 
characteristic of primary neoplasms in 
the chest and abdomen, and extremely 
common .for melanomas and hyper- 
nephromas. The tumor cells gain access 
to the venous drainage and are carried 
to the lungs and thence to the systemic 
circulation. An alternative route to be 
considered is dissemination of tumor 
cells via the paravertebral (Batson's) 
plexus. 


Another possibility has been sug- 
gested in instances of lung cancer meta- 
static to the tonsils. This is direct im- 
plantation of tumor cells occurring dur- 
ing instrumentation at the time of bron- 
choscopy. 


LITERATURE REVIEW 


Miscellaneous. The palatine tonsil has 
been a metastatic site for the following 
tumors in individual case reports: chori- 
ocarcinoma,! adenocarcinoma of the 
prostate, pyriform sinus carcinoma,’ 
mediastinal carcinoma,‘ adenocarcinoma 
of the lung,® and an epidermoid carci- 
noma of the contralateral tonsil." 


Adenocarcinoma of the rectum? and 
adenocarcinoma of the gallbladder-com- 
mon duct area?? have each been pri- 
mary sites giving rise to tonsillar metas- 
tases twice, but the clinical data are not 
sufficient to permit detailed study. 


Adenocarcinoma of the Stomach. 
There have been five case reports.?°"! 
The age range was from 48 to 82 years 
with the average being 60 years. The 
sexes were about equally divided. In 
each case the primary and metastasis 
were histologically confirmed. In two 
cases the metastases were bilateral, all 
others were to the left tonsil. One case 
made no mention of other metastases, 
but in the remainder, other metastases 
were evident. Cervical nodes were in- 
volved in only one patient. 


HYPERNEPHROMA 


The interval between the clinical ap- 
pearance of the primary and the tonsil- 
lar metastasis was from 7 to 18 months, 
the mean being one year in the three 
cases where this information is available. 
In one instance the patient was lost to 
follow-up after two months, but the 
other patients died from 9 to 18 months 
after first becoming symptomatic (mean 
— ]4 months). One patient lived two 
months after the development of the 
tonsil metastasis. 


Seminoma. Six cases of seminoma 
metastatic to the tonsil have been men- 
tioned.^?^ One gave no clinical de- 
tails.'^ One was of the mediastinum,'? 
not of the testicle. The ages ranged 
from 35 to 62 years (mean — 46 years). 
All were male. There was no greater 
tendency for malignancy to develop in 
the left as opposed to the right testis. 


In the five detailed cases the histology 
of both primary and tonsillar metastases 
was confirmed. Four of the five patients 
had other metastases described. Three 
patients had cervical adenopathy. 


The longest interval of time between 
the treatment of the primary and the 
appearance of the tonsillar metastasis 
was ten months, the shortest one month 
(mean= five months). The mean sur- 
vival time between development of the 
primary and death was eight months. 
The mean survival after the appearance 
of the tonsillar metastasis was three 
months in those not lost to follow-up. 


Breast. There have been 11 cases re- 
ported of carcinoma of the breast meta- 
static to the tonsil^!'^?'?* One case? 
which was cited? could not be recovered 
from the literature. Another,?? also un- 
recoverable from the literature, was 
cited by two different authors one of 
whom said it was a breast metastasis?* 
and the other, a sarcoma.* One author 
mentions having encountered two cases 
but gives no details? Another patient 
was reported twice by separate au- 
thors.??:*: 


We have six cases which supply suf- 
ficient details for analysis. All were 
females, their ages varied from 4l to 
65 years (mean— 55 years). The pri- 
mary was in the left breast in four 
patients, the metastasis also to the left 
tonsil in four patients, but not neces- 
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sarily on the same side as the primary, 
and bilateral in two cases. Other metas- 
tases were found in all cases,;but the 
cervical nodes were involved in -only 
one patient. l de 


The metastasis appeared from 6 to 60 
months after the primary (mean— 30 
months) but in those where: follow-up 
was given, the patient survived at most 
7 months after the appearance of the 
metastasis (mean — 4 months). 


Bronchogenic Carcinoma. Autopsy se- 
ries of carcinoma of the lung with tonsil 
metastases have reported the incidence 
at 0.1% (1/1000), 0.8% (1/117), 1.4% 
(2/139),* -25% (2/80)? and 3.39.3 
These series, however, give no clinieal 
details regarding these cases. 


Twelve. cases were reported which 
gave some details and follow-up infor- 
mation.5!225,:9 "They were. males, 
ranging in age from 44 to 71 years 
(mean — 58 years). The majority of the 
primaries were oat cell carcinomas, more 
frequently in the left lung by a 2:1 
margin. Metastasis was to both tonsils 
in two cases; in the. others it divided 
equallv between right and left. In two ^ 
cases the histology of -the tonsil metas- 
tasis was not confirmed. . Eighty-three 
percent also had metastases’ élsewhere. 
Only two had cervical adenopathy. 


The mean interval of time between 
development of the primary,and the ap- 
pearance of the tonsillar metastasis was 
eight months. The mean interval be- 
tween development of the- primary and 
death was 15 months. The average time 
interval between appearance of the ton- 
sillar metastasis and death was five 
months. ur 


Melanoma. There have been 13 cases 
of melanoma reported;*'-*.0ne patient 
was reported by different authors.:?? 
Two had no histological examination of 
the tonsillar metastasis and»six did not 
have histological confirmation. of the 
original lesion, the diagnosis being made 
grossly or by biopsy of other metastases. 


The ages ranged from 25 to 58 years 
(mean — 45 years). Males predominat- 
ed slightly. All primaries were cutane- 
ous in origin, except for one in the naso- 
pharynx and nose. In three instances the 
primary arose in the skin of the head 
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or neck area, the remainder were from 
the trunk or extremities. Six patients had 
metastases appear in both tonsils, in 
five the metastasis appeared in the right 
tonsil, andin two it was to the left 
tonsil. Only. 77% had other metastases 
mentioned: and;only two patients had 
cervical adenopathy. . 


. The time between appearance of the 
primary: and ;tlie" tonsillar metastasis 
varied from being. simultaneous in: one 
instance to ranging from 4 to 84 months 
(mean- 32. months). The time. be- 
tween the appearance of the primary 
and death ranged from9 to 108 months, 
averaging 43 months. One patient lived 


two years: after the appearance of his 


tonsillar metastases but the mean sur- 
vival afterwards was only nine months. 


Hypernephroma. In addition to our 
two cases reported herein, there were 
1l reported cases of hypernephroma 
metastatic to the palatine tonsil.*5? 55-5! 
In one,?? the details. were not given. and 
no other report could. be found. Twelve 
cases were detailed enough to study. 


The patients were males more than 
twice as often when sex was reported. 
Their ages ranged from 30 to 78 years 


` (mean— 58.6 years). All but one had 


histopathological.:confirmation of the 
primary. Eight. were from the left kid- 
ney, five.from the right. In two cases 
the metastases were not histopathologi- 
cally proven,. In one case the metastasis 
was to both tonsils. and in eight cases 
the metastasis was to the left tonsil. The 
right tonsil was the metastatic site in 
three cases. In only four cases did the 
hypernephroma of the left kidney me- 
tastasize to the left tonsil. 


Ten patients had evidence of wide- 
spread. metastases to other organs. In 
six patients the tonsil metastasis was the 
first evidence of the kidney primary, the 
longest survivor living 14 months (mean 
= 5 months). In the cases in which.the 
kidney primary became evident first, 
the tonsil metastases appeared in 13 to 
133 months (mean-- 45 months). The 
longest survival after appearance of the 
tonsil metastasis when it followed treat- 
ment of the primary was 14 months 
(mean— 8 months). 


DISCUSSION 


Review of these data from diverse 
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sources, reported in varying detail and 
amount of follow-up information, per- 
mits only speculation. The data are not 
statistically significant. 


The mean age of the melanoma and 
seminoma patients tends to be younger, 
occurring in the middle of the fifth 
decade. Those with breast cancer meta- 
static to the tonsils are in the middle of 
the sixth decade. Those with broncho- 
genic carcinoma and adenocarcinomas 
of the kidney and stomach are at the 
end of their sixth decade. 


As might be expected, breast cancer 
patients are all females, and those with 
seminomas and carcinomas of the lung 
are all males. The other primaries dis- 
cussed afflict males and females almost 
equally. 


Bilateral tonsillar involvement is very 
common in melanoma metastases (46%), 
and uncommon in hypernephroma (8£). 
This is curious because both have such 
a tremendous proclivity to metastasize 
hematogenously. Bilateral tonsillar me- 
tastasis is not common in bronchogenic 
carcinoma (17%), but is not uncommon 
in breast cancer (33%), seminomas (40%), 
and stomach cancer (40%). 


When tonsillar metastasis tends to be 
one-sided, the right tonsil is uninvolved 
in adenocarcinoma of the stomach and 
breast, but is more frequently involved 
in melanomas. The left tonsil is involved 
more commonly than the right tonsil by 
hypernephroma. Only bronchogenic car- 
cinoma is divided equally. Seminoma 
favored neither side in the few cases 
reported. 


When the primary organ is dual, the 
kidney, lung or breast on the left under- 
goes malignant change more often than 
the right counterpart. The correlation 
between a left primary and metastasis 
holds only for hypernephroma. 


Dissemination of tumor via the tho- 
racic duct followed by retrograde lym- 
phatic spread to the cervical nodes and 
the tonsil cannot be substantiated be- 
cause tumors other than seminomas rare- 
lv metastasize to the cervical nodes. 
Spread to the tonsil from another me- 
tastasis is certainly a possibility in view 
of the fact that 77% of the cases of 
melanoma and 100% of breast carci- 
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nomas had additional metastases to sites 
other than the palatine tonsil. 


It is logical that the tumors which 
generally tend to metastasize early and 
widely, such as small cell carcinomas of 
the lung and seminomas, have the short- 
est mean time interval between the ap- 
pearance of the primary and the tonsil- 
lar metastasis. This interval is, on the 
average, less than a year for these pri- 
maries. In carcinoma of the stomach the 
average is one year. It also follows that 
the tumors to which the host can adjust 


because of some function of the immune . 


response, have the longer mean interval 


between the appearance of the primary: 


and development of tonsil metastasis. 
This has been postulated to explain 
long-delayed appearance of metastases, 
as in adenocarcinomas of the breast and 
kidney, and melanomas. These malig- 
nancies average 25 years or more before 
the tonsil metastasis appears. The longer 
mean interval in months between “the 
development of the primary and death 
also reflects this trend. 
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Hypemephroma is the only tumor in 


which the tonsil metastasis is the. first . 


evidence of disease with any regularity. 
In six patients the mean time between 
excision of the metastasis .and location 
of the primary was five months. : 


The mean interval in:months between 
the development “of, the ` tonsillar .me- 
tastasis and death. is short, irrespective 
of thé: type of .primary tumor: The ‘hy- 
pernephróma ‘and melanoma . patients 
have the longest’mean® survival (eight 
and .nine- months, respectively). Again 


‘it is felt that the.immune response of 


the host to the tumor is the 


primary 
factor here. í 


Treatment varies widely, and it is 
too early’ to assess the value of chemo- 
therapy. Basically all three modalities of 
surgery, radiotherapy and chemother- 
apy are used. However, in the cases of 
hypernephroma, radiotherapy directed 
to the tonsillar metastasis does appear 
helpful in. controlling local tumor 
growth, 
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The etiology of poststapedectomy reparative granuloma remains obscure. To evaluate. the 
possibility of inadvertently introduced mucous membrane into the vestibule as'a possible cause 
of granuloma formation, this animal study was devised. The, stapes was removed from the 
right ear of four squirrel monkeys and middle ear mucosa’ placed in the vestibule, the stapes 
then being replaced. In the left ear, a control operation was done in which only the stapes. was 
removed, then replaced. The animals were sacrificed between: the 2nd and 17th day and their 
temporal bones were prepared and studied. The mucous membrane was: identified within the 
vestibule of all animals. It was well-tolerated and did -not: evoke the inflammatory response, 
which would be expected if mucosa was a cause of granuloma formation. The mucosa was still 
present at 17 days, eventually becoming surrounded by the endosteal lining of the ‘vestibule. 


Perhaps the most perplexing compli- 
cation associated with stapedectomy is 
the formation of vestibular granulomata. 
These lesions occur in a capricious 
fashion, having been observed in con- 
junction with all the common materials 
used to seal the oval window at the time 
of stapedectomy. The incidence of post- 
operative granuloma formation ranges 
between 1% and 5% and when untreated, 
usually results in a permanent neurosen- 
sory hearing loss. 


A vestibular granuloma should be 
suspected when a patient who had an 
initial hearing improvement following 
stapedectomy develops decreased hear- 
ing and a sensation of fullness in the 
operated ear. Vertigo often accompanies 
these symptoms. Granuloma formation 
usually occurs between the 7th and 15th 
postoperative day.' Audiometric evalua- 
tion often will exhibit a mixed type 
hearing loss with associated poor speech 
discrimination. Patients who develop a 
reparative granuloma may have an ede- 
matous, thickened, tympanomeatal skin 
flap with associated dullness and red- 
dening of the posterior portion of the 
tympanic membrane.'? If the diagnosis 
is suspected and the granuloma re- 
moved promptly, the patient's hearing 
may be preserved. However, if left 
unmolested the granuloma may produce 
a serous, toxic, or biochemical labyrin- 


thitis' with^resultánt permanent neuro- 
sénsory hearing loss. 

Poststapedectomy granulomas fre- 
quently involve the entire oval window, 
and may extend into the middle ear to 
such an extent that they bulge against 
the tympanic membrane. The granulo- 
mata fill the vestibule but as a rule are 
not attached to the structures of the 
membranous labyrinth. Histologically 
the lesions greatly resemble a repara- 
tive granuloma showing nonspecific 
granulation tissue consisting of a loose 
stroma with fibroblasts and new vessels. 
Plasma cells, lymphocytes, and in many 
instances, foreign body giant cells have 
been noted. 


Because of the frequent presence of 
foreign body giant cells within post- 
stapedectomy. granulomata, several in- 
vestigators have suggested the etiology 
may be a true foreign body. reaction. 
Linthicum! reported a patient who de- 
veloped neurosensory hearing loss fol- 
lowing stapedectomy. Upon exploration 
of the ear he found well-organized fi- 
brous tissue filling the vestibule, in 
which there was a granulomatous re- 
action containing ferrous metal, possibly 
the tip of a metal hook left in the ves- 
tibule at the original operation. Rock? 
reported two patients in whom an ex- 
tensive inner and middle ear granu- 
loma formation occurred. Imbedded in 
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the -granulation tissue were purple 
foreign bodies later identified as starch 
particles from the: surgeon's glove pow- 
der. In these two instances starch was 
the probable etiology of, the foreign 
body reaction. Harris and Weiss,’ in 
evaluating six patients with granuloma 
of the oval window, suggested the un- 
derlying mechanism was fat necrosis 
which evoked an inflammatory process 
and subsequent cicatrization. Perhaps the 
most significant contribution to the eti- 
ology of poststapedectomy granulomas 
was Burtüer and Goodman’s study,’ in 
which histological evaluation of 42 oval 
window granulomas revealed 40 to have 
small refractile .particles scattered 
through the granulomas which were 
visible only with the use of polarizing 
filters. The particulate matter was iden- 
tical to the refractile particles found 
when Ringers solution was examined. 
The use of Ringer’s solution was discon- 
tinued during stapedectomy, and the 
incidence of reparative granulomas 
dropped from 1.8 to 0.8/100 procedures. 


Very little experimental animal work 
has been done in evaluating poststape- 
dectomy granuloma problems. Kylan- 
der? studied. the sequential morpho- 
logical changes in the oval window of 
the squirrel monkey following experi- 
mental stapedectomy with Gelfoam®. 
The initial response was one of acute 
inflammation. Between the fourth and 
seventh day a membrane had grown 
across the oval window, sealing off the 
vestibule. By two weeks a typical gran- 
ulomatous reaction ‘consisting of fibro- 
blasts, round cell infiltration, and new 
blood vessel formation was present. This 
gradually matured and at one month 
onlv_a_dens 


lense fibrous tisue remained. No. 
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cation, however, were sacrificed at 1% 
and three months following stapedec- 
tomy, which might account for the ma- 
turity of the lesions. Gromer et al‘? be- 
lieved that delayed granuloma forma- 
tion of the inner ear might be due to a 
hypersensitivity or delayed cellular im- 
munity reaction. He devised a study in 
which two groups of cats received stape- 
dectomy, one of which had been pre- 
viously sensitized by skin grafts from 
another cat. The skin donor cat after 
three weeks would contribute the fat 
to be placed in the sensitized cat's oval 
window. A control stapedectomy using 
Gelfoam® in the opposite ear was done. 
Seven middle ear granulomas occurred 
in the sensitized group while only one 
was seen in the nonsensitized cats. This 
increase in the number of granulomas, 
plus the observation that the inner ear 
granulomas did not contain inflamma- 
tory cells but rather lymphocytes and 
plasma cells which implied a noninfec- 
tious cause, gave further support to the 
theory that the granuloma might be an 
autoimmune phenomenon. 


Schuknecht et al" evaluated fat, con- 
nective tissue, mucous membrane and 
skin to seal off the oval window follow- 
ing stapedectomy in the cat. They re- 
ported the mucosa, connective tissue, 
and fat persisted as a viable membrane 
in the oval window. One of the temporal 
bones in which skin was used to seal off 
the oval window developed a large in- 
clusion cyst. 

Farrior,'? in 1962, mentioned the pos- 
sibility that delayed neurosensory hear- 
ing loss following stapedectomy was due 
to the inadvertent introduction of mu- 
cous membrane into the vestibule. He 
suggested that mucous membrane with- 
- an M EI * 2 
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Fig. 3. Eight days postoperative. The endolymphatic-perilymphatic relationships ap- 
pear normal with no evidence of hydrops or reverse hydrops. C - Cochlea; S - Saccule; 
U - Utricle; M - Mucous membrane. (The middle ear inflammatory response is well 


seen.) (H & E, X20) 


keys to determine if adverse effects 
would occur. Particular attention was 
directed to its possible role in the for- 
mation of reparative granulomas, and to 
its effect on the dynamic equilibrium 
between the endolymphatic and peri- 
lymphatic spaces. Since the majority of 
granulomas occur within the first two 
weeks following stapedectomy, the ani- 
mals were sacrificed between 2 and 17 
days. 


The mucosa was identified within the 
vestibule of all the animals. There was 
a pink precipitate noted in the second 
to eighth days. However, some degree 
of serous labyrinthitis has been noted 
usually to occur following stapedectomy 
in squirrel monkeys)? The mucous 


but rather became encapsulated with 
endosteal cells. This layer was either 
continuous with the endosteum of the 
vestibule or was attached to the vesti- 
bule and saccule with filamentous ad- 
hesions. There was no distortion of the 
saccule in the area around where the 
latter was observed. No change was 
noted between the relative size of the 
saccule, utricle, or cochlear duct which 
might indicate either the formation of 
an endolymphatic hydrops or a “reverse : 
hydrops” due to an increase in peri- 
lymph pressure due to secretions of the 
mucous membrane. , 


It appears that the introduction of 
small amounts of mucous membrane in- 
to the vestibule of the squirrel monkey 


membrane was well-tolerated and did will not cause major morphologic 
not evoke an inflammatory response, changes. ; 
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IV INTERNATIONAL, SYMPOSIUM ON ACOUSTIC IMPEDANCE MEASUREMENTS 


The IV International Symposium on. Acoustic Impedance Measurements will be held Sep- 
tember 26-28, 1979 in Lisbon, Portugal. For further information write: Organizing Secretariat, 
Clinica Fono-Audiologica, Rua. Conde Redondo, 119-3?-Lisboa, Portugal. 





RESPONSE OF NASAL AIRWAY RESISTANCE TO HYPERCAPNIA 
AND HYPOXIA IN MAN i 


Tuomas V. McCarrrey, MD i 
EucENE B. Kern, MD 


ROCHESTER, MINNESOTA 


The response of nasal airway resistance (Rn) to various degrees of hypoxia and hyper- 
capnia was measured in six subjects using active posterior mask rhinomanometry. All resis- 
tances were computed during expiration at the flow rate of 0.5 liter/sec. Hypercapnia, induced 
by breathing gas mixtures of various contents of carbon dioxide, significantly decreased Rn 
(P<0.05, Wilcoxon signed rank test). The reduction in Rn was proportional to the inspired 
partial pressure of carbon dioxide over a range of 0 to 50 torr. Breathing gas mixtures of high 
and low contents of oxygen produced no significant change in Rn (P>0.05, Wilcoxon signed 


rank test). These results indicate that the nasal airway is actively inyolved in the respiratory 
response to hypercapnia but not to moderate hypoxia. d LE 


Rn = Nasal airway resistance 
V = 


BTPS = Body temperature and pressure, sat- 
urated with water vapor 


Nasal airflow 


P = Transnasal pressure 

2 

O: = Partial pressure of oxygen 

2 

CO: = Partial pressure of carbon dioxide 


The nasal airway accounts for approx- 


imately half of the total respiratory re- 


sistance to airflow during nose breath- 
ing in man.' The resistance of the nasal 
airway can be markedly changed by the 
ability of the nasal mucosa to undergo 
considerable vasocongestion and decon- 
gestion. This is a result of the highly 
developed vasomotor control of the nasal 
vascular bed. The stimuli capable of 
changing the nasal airway resistance are 
neural, hormonal, and chemical. AI- 
though much has been added to our 
knowledge of the control of the nasal 
circulation, there is still little informa- 
tion on the mechanisms that determine 
nasal airway resistance in various physi- 
ologic states. More particularly, only 
limited information is available on the 
relationship between nasal airway re- 
sistance and the control of ventilation. 


Early work by Tatum? has shown that 
nasal airway resistance is decreased dur- 
ing asphyxia both in man and in ex- 


$ " 


Vr = Expired. tidal. volume. 
f = Respiratory frequency 


Vs — Expired: niinute ventilation 
PI Dé: y E A : 
CO. = Pressure of carbon dioxide in in- 
spired gas- 
Pa E : = 
CO. = Partial pressure of carbon dioxide 
in arterial blood 
PI — . * . 
O: = Pressure of oxygen in inspired gas 


perimental animals. He offered evi- 
dence that this was a reflex response 
mediated by the sympathetic innerva- 
tion of the nose. He did not indicate 
whether the hypoxia, the hypercapnia, 
or the cessation of chest motion was re- 
sponsible for this effect on the nasal air- 
way resistance. More recently, Takagi 
et al have demonstrated that the 
breathing of a gas mixture containing 
7% CO. decreases nasal airway resis- 
tance in man. They suggested that this 
response to hypercapnia was the result 
of a direct effect of carbon dioxide on 
the nasal vessels, although such an effect 
of carbon dioxide on blood. vessels 
would have to be unique to the nasal 
vascular bed.* Dallimore and Eccles? 
have shown that rebreathing air can de- 
crease nasal airway resistance and have 
suggested that hypercapnia is the effec- 
tive stimulus. Their technique, however, 
does not permit them to exclude the 
possible role of hypoxia in producing 
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TABLE 1. SUBJECT DATA 
à zs Rn Air? (cm 

Subject - . Sex- Age (yr) Weight (kg) Height (cm) H'O/ liters/sec) 
1 ‘ M 28 88 183 0.90 
2i > M 28 79 180 2.08 
3 M.29 77 173 2.00 
4 ^M 30 71 188 1.62 
5 "M 27 68 173 4.40 
6 45 4^" M. 28 TI 183 2.10 
Mean :((SD) 28.3 (1.8) 75.6 (8.1) 180 (6.0) 2.18 (1.18) 


‘Initial Rn determined while breathing air. 


the change in nasal airway resistance 
which they observed. 


. Although oxygen. and carbon dioxide 
have been implicated in the control of 
the nàsal airway resistance, there have 
been no experimental data to demon- 
strate the sensitivity of the nasal airway 
to inspired carbon dioxide or to hypoxia. 
The purpose of this study is, therefore, 
to investigate the role of carbon dioxide 


Pneumotachograph 





Fig. 1. Method of measuring nasal pres- 
sure:and nasal airflow. A full face mask 
with pneumotachograph measures nasal 
airflow (V). A differential gas pressure 
transducer measures the pressure differ- 
ence between the nasopharynx and the 
inside of the mask (P). Calculation of 
nasal airway resistance is described in the 
text. 


*Scott Aviation, Lancaster, NY. 


and oxygen in the control of nasal air- 
way resistance in man and to establish 
the sensitivity of nasal mucosa to car- 
bon dioxide and oxygen over a range of 
carbon dioxide and oxygen concentra- 
tions. 

METHODS AND MATERIALS 


Subjects. Six male subjects familiar with the 
methods of investigation were used in this 
study (Table 1). All subjects were in good 
health and denied any history of either cardio- 
vascular or pulmonary disease. None of the 
subjects had a history of vasomotor or allergic 
rhinitis. 


Calculation of Nasal Airway Resistance. 
Nasal airway resistance was calculated using 
a posterior mask rhinomanometry technique 
(Fig. 1). A full face panoramic mask? was 
equipped with a Fleisch pneumotachograph 
flow sensor.?? Nasal airflow (V) was deter- 
mined by measuring the pressure difference 
across the pneumotachograph using a gas 
pressure transducer.] The pneumotachograph 
was calibrated against known flow rates of air 
and found to be linear (<5% error in flow 
rates between 0 and 3 liters/sec). Gas mixtures 
containing carbon dioxide, oxygen, and nitro- 
gen in the proportions used in the study did 
not affect the calibration of the instrument. 
Since resistance was calculated using only flow 
measured during expiration, flow was consid- 
ered to be measured at near body temperature, 
ambient pressure saturated with water vapor 


(BTPS). 


Transnasal pressure (P) was measured as 
the pressure difference from the nasopharynx 
to the inside of the mask. This pressure was 
measured using a differential gas pressure 
transducer.{+ The pressure transducer was 
calibrated with a water manometer. Pressure 
recorded from a catheter in the posterior oro- 
pharynx with the palate elevated and the 
tongue depressed was considered to be identi- 
cal to nasopharyngeal pressure. Pressure and 
flow were ae on a multichannel record- 
ert and simultaneously displayed on the x-y 


**Dynasciences Medical Products, Bluebell, PA. 
{Model 270, Hewlett-Packard, Waltham, MA. 


ttModel PM 131, Statham Instruments, PR. 
tModel 7414A, Hewlett-Packard, Waltham, 


MA. 


NASAL AIRWAY RESISTANCE 


TABLE 2. GAS MIXTURES 











Mixture Po.* Pco.* Pn.* 
CO: Mixtures 
l (air) 149 1 563 
2 141 33 539 
8 137 51 525 
4 135 61 517 
O: Mixtures 
1 713 0 0 
2 (air) 149 l 563 
3 TT 1 635 
4 67 1 645 
5 oT 1 655 


*All partial pressures BTPS of gas delivered 
to mask. i 


axes of a storage oscilloscope.* The pressure- 
flow curves recorded on the oscilloscope were 
photographed using an oscilloscope camera. 
Nasal airway resistance (Rn) was calculated 
using the following formula: 
P 
Rn = — 
V l 
Because nasal airway flow is not laminar, 
pressure and flow through the nose will not be 
linearly related; therefore, Rn was calculated 
consistently at a flow of 0.5 liter/sec as mea- 
sured on the pressure-flow curve. This ensured 
comparable values of resistance even if peak 
flows during respiration changed during the 
study. Methods of linearizing the pressure-flow 
relationship were considered to be inadequate 
because of the large variations of flow encoun- 
tered in this study and were not used. Exter- 
nal nasal structures can collapse during forced 
inspiration, thus producing a change in nasal 
resistance independent of changes in the nas- 
al mucosa. Because, in this study, only the 
response of nasal passages was desired, mea- 
surements were made only during expiration 
when the collapse of external nasal structures 
could not occur. Four expiratory phases were 
averaged to compute the resistance values. The 
instrumental dead space was 450 cm’. 


Gas Mixtures. The gases used in the study 
(Table 2) were mixed in a neoprene latex 
balloon and delivered to the mask on demand 
using a one-way valve (Fig. 2). The mixtures 
were derived by combining the contents of 
compressed gas cylinders containing 100% oxy- 
gen, 100% nitrogen, air, and 10% CO,-90% air 
in various proportions. The mixtures were an- 
alyzed using carbon dioxide and oxygen elec- 
trodes (Radiometer PHM 72 Mk2) to deter- 
mine the partial pressure of O: (Po.) and 
the partial pressure of CO: (Pco:) of the gas 
mixtures delivered to the mask. Reporting gas 
concentration in terms of partial pressure is 
preferred over percentage concentrations be- 
cause the partial pressure of the gas is the 
physiologic stimulus independent of the pro- 





Oscilloscope Recorder 








Fig. 2. Schematit drawing of experi- 
mental setup. See text for details. 


portion of gas that may be in a particular mix- 
ture. Each gas mixture was breathed for five 
minutes before resistance calculations were 
made. An open-circuit system was used (Fig. 
2). The gas was humidified at room tempera- 
ture (22, + 2C) using a nebulizer** before it 
was breathed. 

Procedure. During the procedure, the sub- 
ject was seated upright. The mask was worn, 
and initial nasal resistance values were ob- 
tained. Measurements of expired tidal volume 
(Vr), respiratory frequency (f), and expired 
minute ventilation (Vs) were made simultan- 
eously using a 9 liter spirometer.]f Each gas 
mixture was breathed for five minutes; the 
breathing sequence was randomized. At the 
end of the five minute test period, Rn, f, Vr, 
and Vs values were determined. Sufficient time 
was allowed between tests for the nasal resis- 
tances to return to their initial levels. Some 
subjects did not breathe all of the gas mix- 
tures. The usual duration for a complete study 
was two hours. 


RESULTS 


Response to Increased Inspired Pco,. 
All subjects demonstrated a decrease in 
nasal airway resistance while breathing 
gas mixtures that produced an elevated 
inspired Pco. (PlIco.). Because individ- 
ual subjects had initial nasal airway 
resistances while breathing air of from 
0.90 to 4.40 cm H.;O/liters/sec (Table 
l), the nasal resistance during hyper- 
capnia was calculated as a percentage 


*Model 564B, Tektronix, Inc., Beaverton, OR. 


**Puritan-Bennet, Kansas City, MO. 
1Warren E. Collins, Braintree, MA. 
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^ Fig. 3. Response to hypercapnia. In- 

^ spired partial pressure of CO. (PIco:) is 
plotted against nasal airway resistance as 
a percentage of Rn air (see text) for six 
subjects. The bars indicate standard er- 
rors of the mean. An asterisk (*) indi- 
cates significant decreases in Rn (P<0.05, 
Wilcoxon signed rank test). Vw is plotted 
above for the same subjects. Bars indicate 
standard errors of. the mean. ` 


of the nasal resistance while. breathing 
air (% Rn air). This permitted the com- 
parison of the responses of the subjects. 
The mean nasal resistances (as % Rn air) 
for each gas mixture were plotted 
against PIco. (Fig. 3). Nasal resistance 
during hypercapnia was significantly 
lower than during air breathing (P< 
0.05, Wilcoxon signed rank test) for 
each gas mixture. The ventilatory re- 
sponse to the hypercapnia was also 
plotted (Fig. 3). The slightly elevated 
Vy while breathing air was due to the 
instrumental dead space. The decrease 
in nasal airway resistance was propor- 
tional to the PIco. up to a Plco. of 
approximately 50 torr. Further increase 
in PIco. did not decrease nasal resis- 
tance. This may have been due to ana- 
tomic limitations of the nasal airway. 


Response to Increased and Decreased 
Inspired Po.. The responses of nasal re- 
sistance and ventilation to high and low 
Plo. were plotted (Fig. 4). None of the 
hyperoxic or hypoxic gas mixtures pro- 
duced a significant change in nasal air- 
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Fig. 4. Response to hyperoxia and hy- 
poxia. Inspired partial pressure of O: 
(Plo:) is plotted against nasal airway re- 
sistance as a percentage of Rn air (see 
text). Number of subjects for each point 
is indicated by the number in parentheses. 
Bars indicate standard errors of the mean. 
There was no significant change in Rn 
for any gas mixture (P>0.05, Wilcoxon 
signed rank test). Vx is plotted above for 
the same subjects, Numbers in parentheses 
indicate number of subjects for each 
point, and bars indicate standard errors 
of the mean. 


way resistance (P>0.05, Wilcoxon 
signed rank test), although ventilation 
increased with hypoxia. However, there 
was a suggestion of a slight decrease in 
nasal airway resistance at the lowest 
PIo. values. No attempt was made to 
maintain the arterial Pco. (Paco: ) con- 
stant during this part of the study, and 
no doubt Paco, decreased significantly 
during the hyperventilation induced by 
the hypoxia. Attempts to produce any 
further respiratory drive with more se- 
vere hypoxia were considered unsafe 
and were abandoned. 


Relationship of Nasal Airway Resis- 
tance to Minute Ventilation. Nasal air- 
way resistance was plotted against mi- 
nute ventilation for all conditions tested 
(hypercapnia, hypoxia, and hyperoxia ) 
(Fig. 5). There was an approximate 
linear relationship between the minute 
ventilation and nasal airway resistance 
which was independent of the stimulus 
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Fig. 5. Ve compared with Rn. Solid 
circles (6) are mean responses during 
hypercapnia. Open circles (O) are mean 
responses during hypoxia and hyperoxia. 
There is a significant correlation between 
nasal airway resistance and minute venti- 
lation (P<0.01, one-sided Spearman's 
rank correlation test). 


for the hyperventilation. The correlation 
between minute ventilation and nasal 
airway resistance was highly significant 
(P<0.01, one-sided Spearman's rank 
correlation ). 


DISCUSSION 


This study not only confirms the 
strong effect of elevated PIco. in de- 
creasing nasal airway resistance, but 
also demonstrates that the response of 
the nasal airway is proportional to the 
degree of hypercapnia. There is a de- 
crease of nasal airway resistance of ap- 
proximately 1% per torr change in PIco. 
over the range of response. Nasal air- 
way resistance decreases as ventilatory 
drive is increased. This decrease in nasal 
airway resistance tends to reduce the 
work required to increase ventilation 
through the nose. There was no signifi- 
‘ant change in nasal airway resistance 
in response to changes in PIo., and 
there can be several explanations for 
this negative result. First, there may be 
no reflex change in nasal resistance in 


"ES 
response to hypoxia. Second, a reflex 
vasoconstrictor response to hypoxia may 
be nullified by a> simultaneous local . 
vasodilator response to hypoxia. Third, 
hyperventilation produced. by. hypoxia . 
would have lowered the level of Paco», 
which may have decreased the sensitiv- 
ity of the nasal vessels to vasoconstric- . 
tion. Eu i y o 


A vasoconstrictor response to hypoxia 
probably occurs inthé nose,- but the 
response is much weaker than the re- 
sponse to hypercapnia and occurs only 
during very severe hypoxia. 


Tatum? and Dallimore and Eccles? 
showed tlit asphyxia and rebreathing 
decreased nasal airway resistance, Their 
studies, however, did not permit the 
separate evaluation of hypoxia. and hy- 
percapnia produced by these maneu- 
vers. The present study indicates that, 
in these previous experiments, the hy: 
percapnia produced by breath holding 
or rebreathing was a major factor re- 
sponsible for thé decrease in nasal air- 
way resistance. The present investiga- 
tion also substantiates the results re- 
ported. by Takagi et al who demon- 
strated: that the breathing of a single 
mixture of 7% CO. decreased nasal air- 
way resistance. 


If the data of Takagi et al? are con- 
verted to the form used in this study, 
the inspired gas containing 7% CO. had 
a PIco; of approximately 50 torr BTPS 
and resulted in a mean decrease in Rn 
of 54% (during expiration at a flow of 
0.5 liter/sec, compared with Rn during 
the breathing of air). This result is simi- 
lar to the Rn of 40% compared with Rn 
during breathing in air that we report 
at a PIco, of 51 torr BTPS. Takagi et al 
suggested that the nasal response to 
hypercapnia is a result of the direct 
effect of CO. on the nasal blood vessels, 
producing constriction. This proposition 
probably is not correct. The usual re- 
sponse of vascular beds to increased 
CO. or decreased O, is vasodilation.* 
Although no data specifically concem 
the nasal vessels, these vessels probably 
are not substantially different from the 
other vessels tested. Vasodilation of 
nasal blood vessels would be expected 
to produce an increase in nasal resis- 
tance rather than the observed decrease 
in nasal resistance. The more likely 


252 ..* 


‘reason for the decreased nasal resistance 
observed during hypercapnia is a reflex 
.vasdconstriction mediated by the. sym- 
_ pathetic. nervous system, as suggested 
by Tatum*'and later by Dallimore and 
Ecoles 2.05 

The present study demonstrates that 
the nasal airway is an active component 
of. the respiratory system. Resistance of 
the nasal airway decreased in response 
to increased PIco, roughly in proportion 
to the. increase in minute ventilation. 
"This suggests that the partial pressure of 
carbon dioxide may be one of the factors 
responsible for the ability of nasal air- 
way resistance to adapt to various physi- 
ologic demands on the respiratory sys- 
tem. Because the nasal airway comprises 
the largest single component of the 
resistance of the airway, changes in 
nasal airway resistance of the magnitude 
demonstrated in this study can produce 
substantial changes in respiratory me- 
chanics. Reduction in airway resistance 
during periods of high ventilatory de- 
mand would reduce the work of venti- 
lation and decrease the time constant 
for expiration. These factors would com- 
bine to improve the efficiency of res- 
piration. 


Bronchiolar tone is increased by ele- 
vated levels of Paco», and a substantial 
increase in pulmonary resistance can 
occur: with increases in Paco;.^* The in- 

‘crease in pulmonary resistance is pro- 
portional to the increase in Paco». These 
changes in the lower airway will be in 
the opposite direction of the changes 
demonstrated in the nasal airway. 


McCAFFREY-KERN 


The decrease in nasal airway resis- 
tance in response to elevated Paco» may 
oppose the increase in lower airway re- 
sistance during hypercapnia. 


This mechanism may have been re- 
sponsible for the observations of Lacourt 
and Polgar* on the interaction of upper 
and lower airway resistance in infants. 
In some of the subjects whom they 
studied, increases in lower airway re- 
sistance were compensated for by simul- 
taneous decreases in the nasal airway 
resistance. The result was a maintenance 
of a constant total airway resistance. 
Small fluctuations in Paco» in these in- 
fants may have resulted in the recipro- 
cal changes in upper and lower airway 
resistances. However, factors other than 
Paco, may have contributed to the 
changes in airway resistance. 


CONCLUSIONS 


The nasal airway is an active com- 
ponent of the respiratory system. Nasal 
airway resistance decreases during res- 
piratory stimulation by hypercapnia, but 
not by mild-to-moderate hypoxia. The 
decrease in nasal airway resistance dur- 
ing hypercapnia is roughly proportional 
to the increase in PIco. and to the in- 
crease in minute ventilation. The de- 
crease in nasal airway resistance de- 
creases the work of increased ventilation 
through the nose and may compensate 
for increased pulmonary airway resis- 
tance in response to hypercapnia. The 
matching of airway resistance to ventila- 
tion may be important in improving the 
efficiency of respiration. 
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Labyrinthitis ossificans is the pathological ossification of the membranous labyrinthine 
spaces in response to processes which are destructive of the membranous labyrinth or.the en- . 
dosteum of the otic capsule. It has been primarily a histopathologic diagnosis. Complex motion 
tomography however, allows a detailed view of the osseous labyrinth and permits the diagnosis 
in the living state. Radiologic documentation of labyrinthitis ossificans is objective evidence of 
a process destructive of the membranous labyrinth. It supports the likelihood of an absence of 
cochlear and vestibular function. It alerts the surgeon to the possible obliteration of key inner 


ear anatomical landmarks. 


Labyrinthitis ossificans is the patho- 
logical ossification of the membranous 
labyrinthine spaces. It usually occurs in 
response to inflammatory processes 
which destroy the membranous laby- 
rinth or the endosteum of the otic cap- 
sule. Suppurative labyrinthitis is the 
most common etiologic factor. Other un- 
common causes include tumors, ad- 
vanced otosclerosis, temporal bone frac- 
tures and inner ear hemorrhage.’ Lab- 
yrinthitis ossificans has been induced 
experimentally in animal models both 
after stapedectomy and after interfer- 
ence with inner ear blood flow.? 


Suppurative labyrinthitis may devel- 
op following any one of three routes of 
spread of infection: hematogenic (sep- 
tic), meningogenic, or tympanogenic. 
Histopathologic studies have demon- 
strated labyrinthitis ossificans as the end 
result of suppurative labyrinthitis with 
each pathway of spread.!*-5 


Once within the inner ear, the infec- 
tious agent incites a brief stage of 
serofibrinous exudation. This rapidly 
progresses to frank suppuration with at- 
tendant liquefaction necrosis of mem- 
branous structures. The perilymphatic 
and endolymphatic spaces become filled 
with fibroblastic granulation tissue. Os- 
teoblasts arise from poorly differentiated 
mesenchymal cells in the endosteum. 
modiolus and basilar membrane, and 
migrate into the mass of fibrous tissue. 
Ossification ensues. Detailed descrip- 


tions of the histochemistry of this re- 
active bone formation may be found in 
the papers of Sugiura et al* and Papa- 
rella et al.* 


Such previous publications primarily 
deal with the temporal bone histopa- 
thology of labyrinthitis ossificans. In 
those circumstances, diagnosis was rare- 
ly entertained ante mortem. Complex 
motion tomography, however, allows a 
detailed view of the osseous labyrinth 
and permits the diagnosis to be made in 
thé living state. Four cases of suppuro- 
genic labyrinthitis ossificans, diagnosed 
radiologically at the time of complex 
motion tomography, are presented. His- | 
torical, audiometric, electronystagmo- 
graphic and radiologic findings are de- 
tailed. 

CASE REPORTS 


Case 1. B.K., a 70-year-old-female, pre- 
sented with a four-month history of continu- 
ous, nonlateralizing, roaring, nonpulsatile tin- . 
nitus, She had a right mastoidectomy at the 
age of five years and had been aware of a 
hearing loss subsequently. Recently, she had 
noted some deterioration of hearing in the 
contralateral ear as well as a feeling of full- 
ness in both ears. There was no history of 
dizziness or vertigo. 


Otolaryngological examination showed a 
large. clean, right radical mastoid cavity. Tun- 
ing fork testing suggested a right sensori- 
neural hearing loss. 


Audiometric evaluation demonstrated no 
measurable hearing in the right ear. Electro- 
nystagmographic evaluation revealed no spon- 
taneous or positional nystagmus but a reduced 
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Fig. 1. ( Case 1) AP tomograms of temporal bone. a) Right side. There has been 


a, previous mastoidectomy. The vestibule (A) and proximal portion of the lateral semi- 
circular canal are preserved; the remainder of the semicircular canals have been ob- 
literated by: bony overgrowth. C - Internal auditory canal. b) normal left side for com- 
parison; A - Vestibule, B - Lateral semicircular canal. 


x 


vestibular response of 100£'in the right ear. 
Complex motion tomography of the temporal 
bones demonstrated: -labyrinthine | ossification 
on the right (Fig. la, b). 


Case 2. R.O., a 12-year-old male, had a left 
acute suppurative otitis media which had 
been treated with antibiotics. with complete 
resolution. One month later while playing at 
sports, he was struck over the occiput by an 
elbow. There was no loss of consciousness 
and no external injury. There was an immedi- 
ate complaint of left otalgia. Over the ensu- 
ing five days, the patient became increasing- 
ly lethargic and then, suddenly, vertiginous. 
He was aware of a left-sided hearing loss. 


He. was: hospitalized with a presumptive 
diagnosis -ofsintracranial extension of left ear 
suppuration...A myringotomy showed “semi- 
purulent fluid." A lumbar puncture performed 
under general anesthesia for the myringotomy 


demonstrated an opening pressure of 300 mm 
of water but no evidence of active infection. 


"The patient was begun on intravenous anti- 


biotics. Radionuclide brain scan and com- 
puterized axial tomography were normal. Con- 
ventional tomograms of the temporal bones 
showed a bony defect of the left petrous apex. 


The patient was referred for further eval- 
uation of the petrous lesion. While on intra- 
venous antibiotics, his lethargy, dizziness and 
left otalgia resolved. 


A repeat lumbar puncture was within nor- 
mal limits. Audiometric evaluation showed no 
measurable hearing in the left ear. Electro- 
nystagmography demonstrated a spontaneous 
right beating nystagmus and a reduced vestib- 
ular response of 100% in the left ear. Complex 
motion tomography of the temporal bones de- 
tailed a destructive lesion of the left petrous 
apex with erosion of the superior semicircular 





Fig. 2. (Case 2) Labyrinthitis ossificans following suppurative petrositis. a) AP 
tomogram, left temporal bone. There is almost complete destruction of the petrous apex 
(F), with the process extending inferiorly to the roof of the internal auditory canal (C). 
'The capsular bone overlying the upper portion of the superior semicircular canal (D) 
has been destroyed. b) AP tomogram, same patient, one year later. Dense bone partially 
reconstitutes the petrous apex. The semicircular canals are obscured by bony prolifera- 
tion and are not identifiable. The radiologic diagnosis is labyrinthitis ossificans. A - Ves- 


tibule, C - Internal auditory canal. 


LABYRINTHITIS OSSIFICANS 


Fig. 3. (Case 3) : 


attic and antrum. The cochlear anatomy has been obliterated by bon 
E) is preserved. b) Normal AP tomogram, left temporal bone, 


The facial nerve canal ( 





a) AP tomogram right temporal bone, cochlear plane: Chronic 
mastoid infection is avidenced by destruction of the ossicles. as well-as. portions of the 


overgrowth (G). 


cochlear plane, in this patient; E - Facial nerve canal, G - Cochlea. c) -AP tomogram, 


right npo bone, vestibular plane: 
overgrowth. C 


vestibular plane, same patient; Á - Vestibule, 


canal and inferior extension to the roof of the 
internal auditory canal (Fig. 2a). 


The patient underwent a middle cranial 
fossa exploration of the left temporal bone. 
There was noted to be a granular lesion over 
the posterosuperior aspect of the petrous, 
eroding the superior semicircular canal and 
roof of the internal auditory canal, precisely 
as predicted radiologically. 


Histopathologic study demonstrated granu- 
lation tissue with acute and chronic inflam- 
mation. The working, clinical, diagnosis was 
acute suppurative otitis media with tympano- 
genic suppurative labyrinthitis and extension 
to the petrous apex. 


The patient remained symptom free for 
one year, with the exception of his left hear- 
ing loss. Updated audiometric and electro- 
nystagmographic studies were unchanged from 
the previous year. Repeat complex motion 
tomography demonstrated a dramatic change. 
There was partial reconstitution of the bone 
in the petrous apex but, more importantly, 
there was almost complete bony obliteration 
of the labyrinth (Fig. 2b). 


Elective mastoidectomy and labyrinthec- 
tomy were performed in order to diminish 
the likelihood of a recurrent petrous apicitis, 
At surgery. the aditus ad antrum was found to 
be markedly contracted due to bony over- 


labyrinthine landmarks are obscured by bony 
- Internal auditory canal. d) Nod AP tomogram, left temporal bone, 


- Internal auditory canal. 


hang of the middle cranial fossi alate: Ac- 
cordingly, the aditus was enlarged, the incus 
and head of the malleus were removed and 
the facial recess was widely opened. A laby- 
rinthectomy was undertaken. to assure drain- 
age from the petrous apex. The entire laby- 
rinth was found to be replaced by dense bone. 
There were no identifiable inner ear land- 
marks. 4. 


Case 3. H.K., a 66-year-old Finale, pre- 
sented with a one-week history of pain and 
drainage from the left ear. The patient had 
had recurrent drainage from the right ear 
since childhood and had been subjectively 
deaf in her right ear for 30 years. There was 
no history of ear fullness or vertigo. There 
was intermittent left ear tinnitus. 


Otolaryngological examination defined à left 
otitis externa and absence of the right tym- 
panic membrane with evidence of squamous 
ingrowth. 


Polytomography of the temporal bones 
showed obliterative ossification of the entire 
right labyrinth (Fig. 3a-d). 


The patient did not follow through with 
audiometric or vestibular evaluation. 


Case 4. E.S., a 62-year-old female, was re- 
ferred for evaluation of a possible recurrent 
cerebellar abscess secondary to left chronic 
mastoiditis. 
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ROLE OF THE VIDIAN NERVE IN NASAL ALLERGY 
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"Clinieal studies were performed. to evaluate the role of the vidian nerve at onset of symp- 
toms.in nasal allergy. A localized area of one side of the nasal cavity was stimulated with known 
allergen and 0.1% histamine chloride in patients with perennial nasal allergy. The effect of uni- 
lateral vidian néurectomy and sensory anesthesia on glandular and vascular response was eval- 
uated. With localized nasal stimulation, hyperrhinorrhea was seen in both sides of the nasal 
cavity before vidian‘ netirectomy. Unilateral vidian neurectomy blocked hyperrhinorrhea only 
in that nasal cavity in. which the nerve was sectioned. However, hyperrhinorrhea from the con- 
tralateral side, with an intact vidian nerve, was blocked with sensory anesthesia of the opposite 
side of the nasal cavity where the stimulation was applied. Nasal hypersecretion in allergic 
rhinitis was assumed, to be mostly due to stimulation of sensory receptors by a chemical medi- 
ator and. reflexive stimulation of the nasal glands. Vidian neurectomy, however, did not have 


any apparent influence on the swelling of the nasal mucosa caused by localized stimulation of 


allergen and histamine. sth 


Clinically, vidian neurectomy can pro- 
duce dramatic relief of the annoying 
symptoms of nasal allergy, particularly 
nasal hypersecretion,'"? although regen- 
eration of the nerve may cause recur- 
rence of the symptoms in one to three 
years. 


There are many questions not yet 
answered on the pathophysiological role 
of the vidian nerve in nasal allergy. 
Nasal hypersecretion and swelling of the 
nasal mucosa, which characterize nasal 
allergy, may be due to the direct effect 
of the chemical mediator on the nasal 
glands and the vasculature, or to the 
indirect effect of sensory stimulation 
with a chemical mediator. Nasal hyper- 
secretion may be primarily a product of 
nasal glands,-or it mav be due to trans- 
udation from the capillaries of the nasal 
mucosa. Fluctuation of nasal airway re- 
sistance, which occurs readily with vari- 
ous stimuli, may be mediated by the 
vidian nerve, or another mechanism may 
be involved. 


The autonomic innervationsof three 
fourths of the nasal mucosa reaches the 
nose via the vidian nerve. which consists 
of sympathetic nerves (the deep petro- 
sal) and parasvmpathetic nerves (the 
greater superficial petrosal). Presynap- 
tic fibers of the sympathetic nerve sy- 


napse in one of the cervical sympathetic 
ganglia, and the postsynaptic fibers 
ascend along the carotid artery. The 
deep petrosal.nerve branches off the 
postsynaptic fibers along the internal 
carotid artery. This is joined by the 
greater superficial petrosal nerve and 
the two pass through the vidian canal 
as the vidian nerve. The parasympa- 
thetic fibers synapse in the sphenopala- 
tine ganglion and the sympathetic fibers 
merely pass through or around it. The 
autonomic fibers enter the nose as the 
posterior nasal nerve joined by somatic 
sensory fibers of the maxillary nerve.‘ 


The present clinical study was de- 
signed to evaluate the role of the vidian 
nerve in the onset of allergic symptoms 
by measuring physiological changes in 
the nasal mucosa before and after vidian 
neurectomy in patients with nasal al- 
lergy. 


METHODS AND MATERIALS 


Ten patients with perennial nasal allergy 
were selected. All of them had characteristic 
symptoms of hyperrhinorrhea, nasal obstruc- 
tion and sneezing of more than five years dur- 
ation. All were allergic to house dust and/or 
mites, confirmed by eosinophils and mast cells 
in the nasal smear, skin tests and provocation 
tests. Treatment by desensitization was unsuc- 
cessful in all the subiects. One subject had 
marked seasonal exacerbation of symptoms be- 
sides perennial symptoms, although specific al- 
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Suction apparatus to measure nasal secretory rate. The subject sits on a 


high chair with head tilted down. The tip of the polyethylene catheter is gently applied 
at the nostril to aspirate nasal secretions into the syringe. At the end of the measuring 
period, the catheter is inserted into the nasal cavity under direct vision to collect secre- 
tions. Two measuring apparatuses are used for simultaneous bilateral measurement. 
Nasal secretions which are aspirated into the upper portion of the syringe slide down 
into the lower measuring portion by keeping the syringe upright for five to ten minutes. 
The upper syringe can be separated into two parts for purposes of internal cleaning. 


lergens could not be confirmed. The nasal 
mucosa of each of these subjects showed 
marked hyperreactivity to topical application 
of 0.1% histamine chloride. Unilateral vidian 
neurectomy was performed by a transantral 
approach. The nasal mucosa was left un- 
touched during the operation. In each subject, 
successful sectioning of the vidian nerve was 
confirmed by Schirmer's test" postoperatively, 
which showed interruption of lacrimal gland 
activity. To evaluate the effect of sectioning 
or the preservation of sympathetic fibers, 
which are assumed to enter the nasal cavity 
along the sphenopalatine artery, the spheno- 
palatine artery was ligated and sectioned at 
the time of vidian neurectomy in five sub- 
jects, and in the other five the artery was kept 
intact. 

The following procedures were performed 
before unilateral vidian neurectomy and again 
three to five weeks after neurectomy. 


1. One side of the nasal mucosa was stimu- 
lated with known allergen and 0.1% histamine 
chloride. Glandular and vascular responses of 
the nasal mucosa in both sides of the nasal 


*Torii Pharmalogical Co, Japan. 


cavity were measured. The effects of vidian 
neurectomy and sensory anesthesia of the nasal 
mucosa on these responses were evaluated. 
Localized stimulation of the nasal mucosa was 
performed by applying a small paper disc with 
known allergen (Torii allergen disc)? or a 
small patch of blotting paper (10 mm x 5 
mm) moistened with 0.01 cc of 0.1% hista- 
mine chloride on the anterior portion of the 
inferior turbinate for ten minutes. 


2. Glandular activity was evaluated by 
quantitative measurement of nasal secretory 
rate. Latent period and duration of itchy sen- 
sation of the nasal mucosa, together with fre- 
quency of sneezing were also recorded. Nasal 
secretion was collected in the measuring ap- 
paratus by suction. This apparatus was made 
of two syringes, 1 cc and 50 cc in size, con- 
nected to each other. Suction was applied to 
one end of the 50 cc syringe, and negative 
pressure was controlled by manual closure of 
the control hole (Fig. 1). This measurement 
was repeated three times in each subject at 
intervals of one or two days. 


3. Changes (swelling) in the nasal mucosa 
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Fig. 2. Block diagram of anterior rhinomanometry (Nihon Kohden). 


induced by stimulation were measured by an- 
terior rhinomanometry, which involved mea- 
suring airway resistance in each side of the 
nasal cavity separately ( Fig. 2). Measurements 
were made: by a pneumotachograph; after 
careful suctioning: of the secretion, a pressure- 
flow relationship curve was directly recorded 
on the X-Y recorder (Watanabe WX-432). 


4. The nasal cycle, or cyclic reciprocal al- 
ternation of airway resistance in the nasal cav- 
ity bilaterally, described by Heetderks," Beich- 
ert," Stoksted," and others, and postural alter- 
nation of nasal airway resistance were mea- 
sured. The effect of vidian neurectomy on 
these changes in the nasal mucosa was eval- 
uated. To record the nasal cycle, nasal airway 
resistance in each nasal cavity was measured 
every 30 minutes for three hours. During the 
recording period subjects sat in a quiet room 
where the atmosphere was relaxed and en- 
vironmental stimulation was minimal. After the 
nasal cycle was recorded, subjects were placed 


on their right and left sides for ten minutes 
each, and differences in airway resistance due 
to postural change were measured. 


5. Reflexive blood flow changes in the nasal 
mucosa” were measured when the subjects 
dipped a foot in ice water, using the thermo- 
conductivity measurement method described 
by Hensel This method was modified and 
used extensively by Hagihara" and others for 
measurement of blood flow in various organs. 
It was applied to measurement of nasal blood 
flow by Okuda.” 


The effect of vidian neurectomy on this re- 
flexive change in blood flow in the inferior 
turbinate was evaluated. The M-corder 202M 
(M-T Giken) and a double-needle type ele- 
ment were used for qualitative analysis of the 
blood flow change in the inferior turbinate in 
response to stimulation. The M-corder 202M 
is a unit composed of heating, measuring and 
compensating circuits (Fig. 3). The element 
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Fig. 3. Block diagram of amplifier and recording system for measurement of blood 


flow (M-Corder 202M, M-T Giken). 
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Fig. 4. Reflexive change of blood flow rate in the nasal mucosa of the inferior 


turbinate before vidian neurectomy in two subjects. A needle-type element was used 
for the inferior turbinate and a plate-type element was used for the forehead skin as a 
control. Upward deflection of the curve indicates increase of the blood flow and down- 


ward deflection indicates decrease of the blood flow. A) Subject T.Y., B) Subject O.S. : l 


was inserted into the anterior portion of the 
inferior turbinate along the turbinate bone, 
without anesthesia. 


6. Stellate ganglion blocking producing a 
deprivation of sympathetic vasoconstrictor 
tone of the nasal vasculature causes marked 
swelling of the nasal mucosa, but sectioning 
the vidian nerve, which has primary sympa- 
thetic fibers to the nasal mucosa, does not 
cause apparent mucosal swelling. This may be 
due to the simultaneous sectioning of para- 
sympathetic vasodilator fibers, or, some de- 
gree of vasoconstrictor tone may be main- 
tained even after vidian neurectomy possibly 
through extrapetrosal sympathetic nerve fi- 
bers.^ To evaluate how sympathetic innerva- 
tion of the nasal mucosa is blocked by vidian 
neurectomy, with and without sectioning of 
the sphenopalatine artery, stellate ganglion 
blocking was performed using 10 cc of 14 
Xylocaine? before and again three weeks after 
vidian neurectomy. The effect of the stellate 
ganglion block on nasal airway resistance was 
recorded in ten subjects. The blocking effect 
was confirmed by full onset of Horner's syn- 
drome, characterized by miosis, ptosis and 
vasodilatation over the face. 


RESULTS 


l. Figure 4 shows responses of blood 
flow when two subjects held a foot in 
ice water for ten minutes. Before vidian 
neurectomy blood flow in the inferior 
turbinate decreased markedly on dip- 
ping a foot in ice water in each of five 
subjects studied. Blood flow response 
in the forehead skin was simultaneously 
recorded as a control After vidian 
neurectomy no change of blood flow in 
the inferior turbinate was observed after 
dipping a foot in ice water in four of 
five subjects (Fig. 5A). In one subject, 
a slight increase of blood flow was ob- 
served (Fig. 5B). Blood flow response 
in the forehead skin was the same be- 
fore and after vidian neurectomy. 


2. Before vidian neurectomy a typical 
nasal cycle was observed in four of ten 
subjects and postural alternation of nasal 
airway resistance was observed in five 
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Fig. 5. Reflexive change of blood flow rate in the nasal mucosa of the inferior 
turbinate after vidian neurectomy. Blood flow did not show apparent change in A) 
subject T.Y. and slight increase in B) subject O.S. in response to ice water stimulation 
of the foot. Blood flow response of the forehead skin was the same before and after 


vidian neurectomy. 
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Fig. 6. Nasal cycle and postural change of nasal airway resistance before and after 
vidian neurectomy. Resistance was expressed as pressure value (cm H:O) when flow- 
rate was 0.2 liters/sec. 


VIDIAN NERVE IN NASAL ALLERGY 263 


subjects. In three subjects both the nasal 
cycle and postural alternation were ob- 
served. Five weeks after vidian neurec- 
tomy, when the measurement was re- 
peated, the typical nasal cycle was ob- 
served in only two subjects while pos- 
tural alternation was observed in six 
subjects. 


Figure 6 shows the change in nasal 
airway resistance in one subject before 
and after vidian neurectomy. Measure- 
ments were obtained every 30 minutes. 
Before vidian neurectomy at the fourth 
measurement, permeability of right and 
left nasal cavities alternated spontane- 
ously. The typical change in nasal per- 
meability with postural alternation was 
also observed, and airway resistance in- 
creased in the left nostril and decreased 
in the right nostril with a left decubitus 
position. With a right decubitus posi- 
tion, opposite alternation of the nasal 
airway resistance was recorded. In this 
subject, both the nasal cycle and pos- 
tural change of the airway resistance 
were observed even after the surgery. 


The findings suggest that reflexive 
change in mucosal blood flow in the 
inferior turbinate seen on dipping a foot 
in ice water is mediated via the vidian 
nerve, but swelling of the nasal mucosa, 
seen in the nasal cycle and postural 
change, is not necessarily secondary to 
change in the vascular tonus via the 
vidian nerve. 


3. In the next experiment, to reveal 
the reflex nature of nasal glandular ac- 
tivity, the localized area of one side of 
the nasal cavity was stimulated by 
known allergen and histamine chloride 
and the response was recorded on the 
other side of the nose. In all of ten sub- 
jects studied, nasal secretion was ob- 
served over a wide area of both nasal 
cavities in response to localized stimu- 
lation of one side of the nasal cavity, 
although it was usually less in the nasal 
cavity without direct stimulation. Pat- 
terns of glandular and vascular response 
to nasal stimulation by allergen and 
histamine chloride were qualitatively 
similar in all the subjects. However, 
stimulation by histamine chloride usual- 
lv evoked a stronger response with less 
daily variation. In the subject represent- 
ed in Table 1, vidian neurectomy was 
performed on the right side, and the 


TABLE 1. NASAL SECRETORY RESPONSE 
TO HISTAMINE STIMULATION ON 
RIGHT INFERIOR TURBINATE 


[== FR 
BEFORE VIDIAN AFTER RIGHT VIDIAN NEURECTOMY 
NEURECTOMY VIDIAN NEURECTOMY | ANESTHESIA OF 
Ci RIGHT NOSE 
Seeds 
Ee ee 
E-HARS 
mnt | Leer er 
Ei 
nasal mucosa on the. same side was 
stimulated with histamine and produced 
minimal secretion, less than 0.05 cc, 
from the immediate area of stimulation. 
It was so small as to be not accurately 
measurable. Büt.fróm. the left nasal cav- 
ity with the vidian nerve intact, a large 
amount of secretion was measured in 
response to stimulátion of the right nasal 
cavity. When the right nasal cavity was 
deeply and. fully anesthetized with 10% 
cocaine, and histamine stimulation was' 
applied to'the. right nasal cavity, no 
secretion ‘was, obtained on the left side 
(intact vidian nerve ).” 



















The above findings show that nasal 
glands ‘produce localized minimal se- 
cretion in response to direct action of 
histamine and other chemical mediators, 
but the large amount of secretion seen 
in response to allergen and histamine 
stimulation is mostly produced via a 
neural reflex. Local infiltrative anes- 
thesia of the nasal mucosa, using 1% 
Xylocaine, caused an effect similar to 
topical anesthesia with cocaine, although 
topical anesthesia with 4% Xylocaine was 
not strong enough to block the stimula- 
tive effect of allergen and histamine 
chloride on the mucosa. 


To evaluate the effect of vasocon- 
striction of the nasal mucosa on the 
amount of nasal secretion, 0.02% adrena- 
lin was sprayed in both nasal cavities 
in two subjects and histamine stimula- 
tion was performed in one side, after 
maximum shrinkage of the nasal mucosa 
was observed. Vasoconstriction of the 
nasal mucosa caused no apparent differ- 
ence in amount of nasal secretion by 
histamine stimulation. 


4. Before vidian neurectomy in all ten 
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AFTER RIGHT VIDIAN NEURECTOMY 
STIMULATION ON RIGHT NOSE 
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AFTER RIGHT VIDIAN NEURECTOM Y 
STIMULATION ON LEFT NOSE 


Fig. 7. Change of nasal airway resistance by histamine stimulation before and after 
vidian neurectomy. Dotted line indicates pressure-flow relationship curve before hista- 
mine stimulation and. solid line after histamine stimulation. 


subjects, allergen and histamine stimula- 
tion caused increased airway resistance 
in the nasal cavity in, Which the stimu- 
lation was applied. The degree of, in- 
crease varied significantly among sub- 
jects. Change in nasal airway resistance 
in the other side of the nasal cavity was 
not consistent; in six subjects airway re- 
sistance remained unchanged, while in 
three it showed a slight to moderate in- 
crease. Three weeks after vidian neurec- 
tomy, rhinomanometric measurement 
was repeated before and after allergen 
and histamine stimulation. Response of 
the nasal mucosa to stimulation was al- 
most the same as before vidian neurec- 
tomy. Figure 7 shows the change in 
nasal airway resistance in response to 
histamine stimulation before and after 
vidian neurectomy. In this subject neu- 
rectomy was: performed on the right 
side, and the mucosa on the right side 
was, stimulated with histamine chloride. 
Before vidian neurectomy airway resis- 
tance in the right nasal cavity increased 
with stimulation of the right side. This 
increase in airway resistance was ob- 
served also after vidian neurectomy. 
Change in airway resistance in the left 
"nasal cavity in response to stimulation 
of the right nasal cavity was not ap- 
parent before or after vidian neurec- 
tomy. 


5. Stellate ganglion blocking before 
vidian neurectomy caused a marked in- 
crease in nasal airway resistance which 
lasted for more than 30 minutes in all 


ten subjects studied. Blocking per- 
formed three weeks after vidian neurec- 
tomy caused a slight to moderate in- 
crease in nasal airway resistance in 
eight of ten subjects. In two subjects 
no apparent change in airway resistance 
was observed. 


In all of the above experiments sec- 
tioning or preserving the sphenopalatine 
artery had no apparent effect on the 
results. 

DISCUSSION 


Vidian neurectomy performed in our 
clinic consists of sectioning presynaptic 
parasympathetic and postsynaptic sym- 
pathetic nerve fibers. But as para- 
sympathetic ganglion cells are found 
scattered along the nerve fibers in 
the vidian canal, postsynaptic para- 
sympathetic nerve fibers are also par- 
tially sectioned by the procedure." 
Histological study of the nasal mucosa 
after vidian neurectomy by light and 
electron microscopy by Kanda and Ki- 
tamura?' showed that the nasal glands 
maintained normal structures in the for- 
mation of secretory granules. Besides 
the deep petrosal nerve, sympathetic 
fibers enter the nasal cavity along with 
the anterior and posterior ethmoid ar- 
tery and sphenopalatine artery," al- 
though these do not seem to be of great 
significance.” 


It has been reported that sympathetic 
nerve fibers to the inferior turbinate in 
dogs run along with the nasal branch 
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of the somatic sensory fibers of the 
maxillary nerve, but abundant sympa- 
thetic nerve supply also comes through 
the ethmoid nerve.**:** In humans, stel- 
late ganglion blocking performed after 
vidian neurectomy caused slight or 
moderate swelling of the nasal mucosa. 
Sectioning or preservation of the sphe- 
nopalatine artery had no apparent ef- 
fect. Swelling of the nasal mucosa 
caused by stellate ganglion blocking 
after sectioning of the vidian nerve and 
sphenopalatine. artery may be due to 
dilatation of the nasal vasculature in- 
nervated by sympathetic fibers along 
the ethmoid arteries and/or ethmoid 
nerve. 


The present study supports the fol- 
lowing conclusions. Although histamine 
induces secretion and transudation by 
its direct effect on the glands and vas- 
culature of the nasal mucosa, marked 
nasal hypersecretion produced by hista- 
mine stimulation is primarily due to 
stimulation of the sensory receptors by 
histamine and reflexive stimulation of 
the nasal glands via the afferent and the 
efferent pathways. This is closely re- 
lated to an itchy sensation of the nose. 
This mechanism is similar to that of 
salivary secretions from all the major 
and minor salivary glands in response to 
localized taste stimulation on the tongue. 
Nasal hypersecretion in allergic patients 
caused by the allergen can also be 
definitely blocked by vidian neurec- 
tomy.* This suggests that the same 
mechanism operates in the onset of nasal 
hypersecretion in patients with nasal 
allergy. The effect of vidian neurectomy 
is produced by sectioning of the efferent 
pathway of this nasal reflex. 


As for the controversy regarding 
whether hyperrhinorrhea in nasal allergy 
is a product of nasal glands or due to 
transudation from the nasal vasculature, 
it is naturally possible that some por- 
tion of rhinorrhea is due to transudation 
from the vasculature, but considering 
the effect of vidian neurectomy on hy- 
perrhinorrhea and the effect of vasocon- 
striction on the reflexive nasal secretory 
rate, most of the rhinorrhea in nasal 
allergy must come from the nasal glands. 
This is consistent with the results of 
immunological analysis of rhinorrhea 
secretions by Okuda.'? 
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Nasal blood flow of the inferior tur- 
binate is controlled by réflexive con- 
traction of the nasal vasculature via the 
vidian nerve and this is abolished by 
vidian neurectomy. Vidian neurectomy 
itself can cause “slight : ór moderate 
shrinkage of the nasal inucosa, but nasal: 
airway resistance shows- marked spon- 
taneous and postural change:even-a£ter 
vidian neurectomy. = 4" T es 


Regarding the marked swelliüg of the... 
nasal mucosa in nasal allergy, chemical 
mediators: seem to play thé larger role 
in causing dilatation of fhe vasculature, 
resulting in-swelling.-The mechanism of 
nasal hypersecretion and swelling of the 
nasal mucosa is assumed to be different 
depending on the degree of participa- 
tion of neural reflex via the vidian nerve. 


Nasal allergy is characterized by hy- 
persensitivity of the nasal mucosa which 
markedly amplifies the sensory input 


from the ndsal-mucosa, probably by 
lowering.the:sensery threshold of the 


mucosa tò the stimulant. The mecha- 
nism of hypersensitivity of the airway 
mucosa in allergy has been studied from 
the vtewpoint of functional disturbances 
of the autonomic nervous system, such 
as the B-adrenergic blockade theory? 
and the organ vagotonia theory." Re- 
cently Kaliner et al? indicated that re- 
lease of histamine and SRS-A from the 
human lung was remarkably enhanced 
by the presence of acetylcholine and 
calbamylcholine, and that this effect was 
blocked by administration of atropine. 
They assumed that the cholinergic re- 
ceptor system in the lung controls re- 
lease of a chemical mediator at the 
cellular level. Kiernan®* “showed in a 
study of vasodilatation seen in injured 
skin that the degranulation of mast cells, 
like the vasodilatation, was mediated by 
the somatic axons supplying the skin. 
There have been several reports?’ indi- 
cating that eosinophils and degranulated 
mast cells in the nasal mucosa decreased 
after vidian neurectomy. Further study 
is necessary, however, to determine if 
vidian neurectomy, by abolishing ex- 
cessive efferent impulses and excessive 
release of acetylcholine, influences re- 
lease of a chemical mediator from the 
mast cells in the nasal mucosa in sub- 
jects with nasal allergy. 
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an fetuses ranging in gestational age from 14 to 


36 weeks were studied. At all stages of development specimens from different individuals showed ` 
marked variations in overall shape. During the course of the second. and third ‘trimesters, both 


saccular and utricular otoconial 


membranes were 
area and more than twofold in weight. Near the e 


found to increase three to fourfold in surface: 


nd of gestation the fetal specimens were about 


equal in area and weight to otoconial membranes from children -up to 13 years of age. However, 
the crystal layers of the fetal membranes had less prominently developed surface contours than 
usually observed in children and adults, indicating that maturational changes continue after 


the time of birth. 


Decades ago, Schilder! and Bender? 
published clinical findings which impli- 
cated the vestibular system in neuro- 
logical development and behavior. 
Their observations have been corrobo- 
rated by the case studies of Ornitz? and 
Hubbard, who emphasized the role 
played by gravity in human develop- 
ment. 


Although informative work has been 
carried out in experimental animals,’ 
we still have much to learn regarding 


the basic morphological development ` 


of the vestibular apparatus in man. 
More complete data regarding normal 
anatomical variation and time-course of 
maturation is essential to any considera- 
tion of human vestibular development 
in relation to that of the central nervous 
system as a whole. 


Studies of the gravity-receptor organs 
of the saccule and utricle have been 
hindered by technical limitations of 
conventional temporal bone histology. 
This is particularly true in regard to the 
otoconia which are radically altered by 
the action of decalcifying agents. The 
alternative method of microdissection, 


as applied to human material by Johns- 
son and Hawkins? has proved more 
satisfactory for investigation of these 
structures. This approach allows rapid 
preparation of specimens' so that sur- 
face views of intact otoconial mem- 
branes are obtainable without lengthy 
storage of tissues in preservatives or 
acidic solutions. Its usefulness in direct 
anatomical study of human otoconia is 
amply demonstrated by the recent work 
of Ross et al? 


The present study of macular supra- 
structures in human fetuses, using the 
method of microdissection, is part of a 
broader investigation of the peripheral 
vestibular apparatus and its central pro- 
jections in individuals of all ages. 


This report presents examples of 
anatomical variation as well as data on 
growth in surface area and weight of 
otoconial membranes from fetuses rang- 
ing in gestational age from 14 weeks to 
approximately term. Weight measure- 
ments of fetal specimens are compared 
with those obtained from a group of 
infants and children using the same 
analytical methods. 


From the Callier Center for Communication Disorders, University of Texas at Dallas, the 
Aberrant Behavior Center, Dallas and the Department of Psychology, University of Washington, 
Seattle, Washington. This work was carried out under the auspices of the Lauretta Bender-Paul 
Schilder Memorial Project and was supported by a grant from the Leland Fikes Foundation to 
the University of Texas at Dallas subcontracted through the Aberrant Behavior Center, Dallas, 


Texas. 
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4^ METHODS AND’ MATERIALS 


Inner ears from a total of 39 individuals 
were inclidéd in this study. Thirty-one of 
these cases were fetuses, of which 16 were ob- 
tained from premature deliveries during the 
third trimester of pregnancy; the remaining 15 
were products of prostaglandin abortions in- 
duced in the second trimester. Gestational ages 
were estimated with the help of data on crown- 
rump, crown-heel, and body weight recently 
published by Brenner et al.” 


In addition tō the fetal specimens, repre- 
sentative cases from a collection of temporal 
bones:taken at autopsy with the Stryker bone- 
plug cutter “were studied. "This material in- 
cluded inner ears. from eight individuals rang- 
ing from ‘four days postpartum to 31 years in 
age. . ! 

*'With-minor modifications, all material was 
prepared according to the method described 
in detail by Hawkins and Johnsson.” 


After removal of temporal bones from the 
fetal.skull using Toreiea| scissors, the middle 
ear tavity was opened under saline and cleared 
of mesenchymal tissue, when necessary. The 
ossicular chain was then disarticulated and the 
stapes gently lifted from the oval window to 
allow perilymphatic perfusion with either 2% 
glutaraldeliyde or 1% osmium tetroxide. Both 
fixatives were veronal buffered at pH 7.4. 
When glutaraldehyde was used as the primary 
fixative the inner ear'structures were stained 
with 1% osmium tetroxide after overnight glu- 
taraldehyde fixation at refrigerator temperature. 
After staining, specimens were partially dehy- 
drated in ethanol and studied promptly to 
avoid any artifacts due to prolonged storage. 


For photography,? the vestibule was widely 
opened by enlargement of the oval window. 
The wall of the saccule opposite the macula 
sacculi was carefully removed and the saccu- 
lar otoconial membrane was photographed in 
situ. THé.anterior portion of the utricle con- 
taining the macula utriculi was then dissected 
from the vestibule and trimmed with iris scis- 
sors so as to permit visualization of the utricu- 
lar otoconial membrane. 


For ease of comparison, all photomicro- 
graphs are shown at the same scale with the 
bar at lower right representing one-half milli- 
meter in each case. With the exception of 
Figure 3, which shows right and left sides, all 
specimens are illustrated in the same orienta- 
tion. 


After photographs were obtained, an at- 
tempt was made to remove the whole otoconial 
membrane, including both the gelatinous and 
crystalline layers, from the surface of the sen- 
sory epithelium. When this procedure was suc- 
cest a dry-weight determination was then 
carried out. Great care was taken in these dis- 
sections; only those specimens known to rep- 
resent at least 95% of the entire membrane mass 


*Model 7S stereomicroscope. Wild-Heerbrugg Instruments, Inc, Farmingdale, 
Instruments Corp., 


**Model 440, Cahn Division, Ventron 
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Fig. 1, Saceular (A) and utricular (B) 
otoconial membranes from a 3l-year-old 
man showing typical adult form and sur- 
face contours, Arrows indicate "snowdrift" 
line. DL - Dorsal lobe. 


were weighed. The dissected membranes were 
placed on preweighed aluminum foil tabs (0.3 
mg or less) and dried at 60 C for 48 to 72 
hours. Individual membranes were then 
weighed on a microbalance?? with maximum 
sensitivity of 0.1 ug. 


RESULTS 
The general surface morphology of 
the saccular and utricular otoconial 


membranes is illustrated in Figure 1 
by specimens from a young adult. The 
otoconial membranes cover the entire 
macular surface and have approximate- 
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Fig. 2. Variations in shape of saccular otoconial membranes from fetuses of 20 weeks 
(A), 22 weeks (B); 30 weeks (C), and 34 weeks (D) gestational age. 


ly the same shape as the underlying 
sensory epithelia. Occasionally, accu- 
mulations of crystals exténdirig beyond 
the borders of the maculae are. present. 
This is true of the utricular specimen in 
Figure 1B where a sizeable mass of 
extramacular otoconia can be seen sur- 
rounding the posterior end of the mem- 
brane. 


In man, a distinct, curved ridge is 
typically found on the surface of the 
crystaline layer of both the saccular 
and utricular otoconial membranes. This 
contour marks the position of a special- 
ized region in the gelatinous layer of 
the membrane which overlies the striola 
of the neuroepithelium.'?'? In accor- 
dance with the terminology first ap- 
plied by Ades and Engstrom'* and later 
used by Johnsson and Hawkins? in the 
description of human material, this sur- 
face feature of the otoconial layer will 
be referred to as the “snowdrift” line. 
Especially on the utricular membrane, 
many smaller ridges and grooves are 


present which contribute to the complex 
texture of the surface. The character- 
istic hook shape of the saccular oto- 
conial membrane is due to an extension 
of its anterior portion which projects 
dorsally. We have found this. dorsal 
lobe (or, dorsal extension) -to be quite 
variable in size from one individual to 
another. 


Striking differences in the form and 
size of the dorsal lobe are apparent in 
the four fetal specimens shown in Fig-: 
ure 2. These membranes are, in fact, 
quite varied in overall shape. At this 
stage in development (20-34 weeks), 
the otoconial layer appears almost as 
thick as that in the adult, but the *snow- 
drift" line is usually less prominent. 


Left and right saccular membranes 
from a 16-week fetus are seen in Figure 
3. Compared to the specimens shown 
in Figure 2, these membranes are smal- 
ler in surface area and the crystal layers 
are noticeably thinner. Particularly near 





Fig. 3. Left (A) and right (B) sac- 
cular otoconial membranes from a fe- 
tus of 16 weeks gestational age. Note the 
thin crystal layers on both specimens and 
accumulations of otoconia in the region 
between the dorsal lobe and main body. 


the margins, the crystals are sparsely 
distributed, giving the membranes a 
sieve-like appearance. Three fetuses of 
approximately 16-weeks gestational age 
were included in our material; the oto- 
conial membranes showed very similar 
characteristics in each of these cases. 
The rather almond-shaped specimen 
shown in Figure 3A illustrates a form 
which has occasionally been seen in 
saccular membranes from infants and 
children as well as fetuses. In this case, 
a thin layer of crystals is present in the 
area. between the dorsal lobe and the 
main body of the crystal layer. On the 
opposite side, this region is nearly de- 
void of crystals so that the dorsal lobe 
is more clearly outlined. As was gen- 
erally observed, however, the overall 
shape of these membranes from the 
right and left sides is quite similar rela- 
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Fig. 4. Saccular otoconial membranes 
from fetuses of 14 weeks (A) and 32 
weeks ( B) gestational age. The more ma- 
ture membrane is approximately four times 
larger in surface area. 


tive to the large variations seen be- 
tween different individuals. 


The youngest gestational age in the 
present series is represented by the 14- 
week specimen shown in Figure 4. 
where it is compared to a saccular oto- 
conial membrane from a 32-week fetus 
Planimeter measurements showed ar 
approximately fourfold difference ir 
surface area between the two mem: 
branes. In spite of its small size, thc 
l4-week specimen displays a clea 
“snowdrift” line and has a well-differ: 
entiated dorsal lobe. 


Photomicrographs of utricular oto 
conial membranes from four fetuses ii 
the 17 to 30-week gestational age grou] 
are presented in Figure 5. Like the sac 
cular membranes, the specimens fron 
the utricle show marked variations i 
shape — from nearly round to distinct 
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. Fig. 5. Variation in shape and surface morphology of utricular otoconial membranes 
from fetuses of 17 weeks (A), 22 weeks (B), 26 weeks (C), and 30 weeks (D) gesta- 
tional age. 


elongated. In the 17 and 20-week speci- A utricular otoconial membrane of 
mens the otoconial layer has a thin, 14-weeks gestational age is shown to- 
porous appearance much like that seen gether with one from a 36-week fetus 
in the membranes from the saccule at in Figure 6. The more mature mem- 
approximately 16 weeks. brane is approximately 3.4 times larger 





Fig. 6. Utricular otoconial membranes 
from: fetuses of 14 weeks (A) and 36 
weeks (B) gestational age. The 36-week 
specimen is 3.4 times larger in surface 
area. 


in surface area. Numerous tiny perfora- 
tions can be seen in the thin posterior 
half of the smaller specimen and an 
easily discernible “snowdrift? line is 
present. 


Compared to the adult specimen 
shown in Figure 1B, the 36-week utric- 
ular membrane is about equal in sur- 
face area but has less well-developed 
surface contours. These features were 
typical of both saccular and utricular 
otoconial membranes near term. 


The differing surface areas illustrated 
in Figures 3, 4, and. 6 suggest that oto- 


conial membranes undergo a sizable 
increase in mass during the period of 
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Fig. 7. Weights. (in ug) of utricular 
and saccular otoconial membranes from 
fetuses 14 to 36 weeks in gestational age. 
The points on the graphs represent 
weights of single membranes from differ- 
ent individuals. 


fetal development we have studied. In 
order to obtain a quantitative estimate 
of the change in mass occurring during 
the second and third trimesters, dry- 
weight measurements of saccular and 
utricular membranes were made in cases 
in which it proved possible to remove 
the membranes intact from the macular 
surfaces. Only specimens comprising at 
least 95% of the total membrane mass 
(including both the gelatinous and crys- 
talline layers) were weighed. The data 
obtained are presented in Figure 7. 


Eight saccular membranes from in- 
dividuals of 18 to 36-weeks gestational 
age were included in this portion of the 
study. These specimens varied in weight 
from about 24 ug at 18 weeks to 65 pg 
at 36 weeks with a consistent increase 
in mass indicated between weeks 18 
and 26. 


Weights for ten utricular membranes 
from 14 to 34-weeks gestational age are 
also plotted in Figure 7. The youngest 
of these specimens weighed 46 „g and 
the oldest 98 „g. A steady increase in 
mass between weeks 14 and 26 is indi- 
cated by these data. 


For comparison with the measure- 


FETAL OTOCONIAL MEMBRANES 


TABLE 1. WEIGHTS OF SACCULAR AND 

UTRICULAR OTOCONIAL MEMBRANES 

(OM) FROM 7 INDIVIDUALS 4 DAYS TO 
13 YEARS OF AGE 














Weight (ug) 





Age Saccular OM Utricular OM 
4 days 66.6 100.9 
5 days 58.0 104.0 
2 mo 65.2 106.6 
2 yr 63.4 120.0 
6 yr 66.1 108.6 
12 yr 52.2 96.6 
13 yr 61.8 120.9 


ments in fetuses, weights were obtained 
for otoconial membranes from seven 
individuals from four days to 13 years 
in age. Table 1 shows the values found 
in each of these cases. Weights for this 
group of specimens ranged from 96.6 
to 120.9 „g for utricular membranes 
and from 52.2 to 66.2 „g for saccular 
otoconial membranes. The . average 
weight of utricular specimens was 108.2 
ng and of saccular membranes was 61.9 
ug. The distribution of weights accord- 
ing to age does not suggest that either 
the saccular or utricular otoconial mem- 
brane tends to increase appreciably in 
weight during the period from infancy 
to the beginning of the teens. 


DISCUSSION 


In the course of this study, it became 
clear that the otoconial membranes of 
the human saccule and utricle vary in 
shape between individuals to a greater 
degree than previously recognized. As 
Figures 2 and 5 illustrate, this vari- 
ability in form is obvious in specimens 
from fetuses of similar gestational age. 
On the other hand, the overall shape 
and surface topography of membranes 
from the two sides of the same indivi- 
dual are, in most cases, quite similar. 
It is probable that the morphological 
variations we have observed are cor- 
related with differences in head size 
and/or body weight in different indi- 
viduals of the same age. We must, 
however, obtain more specimens in each 
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age-group before this correlation can 


be clarified. : 


`, The specimens we studied showed a. 


cónsistent increase in both surface area 
and weight during the second and third 
trimesters of development. A]though 
our sample is.still too small for detailed 
quantitative - assessment, ' the present 
measurements indicate an^imerease in 
surface area of three tó fourfold and a 
more than twofold increase: in weight 
for both the saccular and'utricülar mem- 
branes bétween weeks 14 and 36 of; 
gestation: Data gathered thus far show 
that.the otoconial membranes approach 
their final weight by the 26th week of 
gestation. Though the membranes reach 
approximately adult size and weight 
during the third trimester, they tend to 
have less strongly developed surface 
contours at term than in adulthood. 


A recently completed’ study of oto- 
conial membranes in human infants'* 
revealed postpartum changes in the 
physical character of the gelatinous 
layer of both saccular and utricular 
membranes. On the basis of scanning 
electron microscopic observations, Ross 
et al? described changes in the con- 
figuration of individual otoconial crys- 
tals during childhood. 


These findings, at both the light and 
electron microscopic levels, indicate 
that physical properties of the macular 
suprastructures continue to change well 
after the time of birth. It is to be ex- 
pected that such maturational changes 
at the morphological level are accom- 
panied by alterations in physiological 
response of the peripheral sense organs. 


Past medical opinion frequently has 
failed to include the vestibular recep- 
tors among the variables which may in- 
fluence neurological development in the 
human infant. Evidence now accumu- 
lating for developmental change after 
birth, as well as for sizable morpho- 
logical variations between individuals, 
points toward the desirability of reas- 
sessment of this concept. 
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The clinical features of laryngeal abscess have changed markedly since the’ introduction of 
antibiotics and are rarely seen by clinicians today. Three cases of acute laryngeal..abscess asso- : 
ciated with malignancy, airway instrumentation and a preexisting laryngocele respectively are 
presented. Management of these cases included immediate tracheostomy, intravenous antibiotics 
and surgical drainage. Current etiological factors and modes of presentation are discussed, Lar-. 
yngeal abscess remains a serious and potentially lethal problem requiring emergent treatment. 


Serious sequelae may result from this disease. 


In the preantibiotic era laryngeal ab- 
scess was a relatively common problem. 
It carried a mortality rate approaching 
100%! until the importance of early 
drainage and tracheostomy was recog- 
nized. Typhoid fever figured most 
prominently in the etiology of this dis- 
case; less frequent causes were measles,” 
gonorrhea,’ syphilis, tuberculosis,’ septi- 
cemia complicating puerperal sepsis, and 
erysipelas.* During the 1930s typhoid 
declined as a factor, while foreign body 
injuries and pharyngotonsillitis became 
the leading causes of laryngeal suppura- 
tion. With widespread use of penicillin 
in the mid-forties, laryngeal abscess be- 
came an uncommon problem and is now 
relatively rare. 


The present status of laryngeal ab- 
scess has not been surveyed. Recent in- 


formation is limited to isolated reports: 


discussing specific entities, such as epi- 
glottic abscess resulting from epiglotti- 
tis, or pyoceles complicating previously 
existing laryngeal cysts. In this com- 
munication, the authors endeavor to pre- 
sent their experience in diagnosis and 
management of a group of cases of 
acute laryngeal abscess which empha- 
size some of the current characteristics 
of this problem. 


CASE REPORTS 


Case 1. A 38-year-old female presented to 
the head and neck clinic with anterior neck 
pain referred to the left ear, and a sensation 
of left cervical fullness of seven days dura- 
tion. She was a severe asthmatic on high doses 
of prednisone and had required emergency 


intubation during a status asthmaticus episode 
four weeks prior to presentation. During the 
79, hours preceding consultation, she had noted 
progressive dyspnea and odynofhagia. At ex- 
amination, the patient was afebrile with mild 
respiratory stridor. Severe pain was elicited 
on laryngeal palpation and indirect laryngo- 
scopy revealed bilateral. vocal cord. paralysis 
with a 3 mm glottic chink. The remainder of 
the head and neck examination was unremark- 
able. Initial WBC and' other routine laboratory 
studies were all within normal limits. A later- 
al plane radiograph: of the cervical soft tissues 
revealed a subglottic mass (Fig. 1). Compu- 
terized axial tomography (CAT) scanning ob- 
tained after tracheostomy demonstrated this 
lesion to extend from the undersurface of the 
true vocal cords to the lower edge of the cri- 
coid cartilage ( Fig. 2). A soft, subglottic mass 
reducing the airway by 90% was seen on direct 
laryngoscopy and biopsy was consistent with 
inflammatory changes. Following four days of 
intravenous penicillin therapy, a laryngofissure 
revealed a 2 x 2 cm abscess cavity arising from 
the mucosal lining of the cricoid plate and ex- 
tending into the left tracheoesophageal groove. 
A tract could be followed into the left neck 
medial to the thyroid gland which, after iso- 
lation of the recurrent larvngeal nerve, was 
widely opened and drained through the cer- 
vical incision. Cultures failed to produce 
growth. The patient did well immediately af- 
ter surgery and the subglottic space healed 
without stenosis. However, six months postop- 
eratively the right vocal cord remains fixed and 
the left has only limited abduction. The pa- 
tient has a near normal voice, but still re- 
quires a tracheostomy. Ah . 


Case 2. A 62-year-old male was admitted to 
the hospital because of a right anterior neck 
mass present for five days. A heavy smoker, he 
had noted a persistent. cough and; inereasing 
hoarseness for 16 months prior tó-admission. 
Indirect laryngoscopy demonstrated. a large. 
tumor involving the left supraglottic area, and’ 
extending into the anterior commissure. and * 
subglottic area. A left laryngeal paralysis was 
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Fig. 1. (Case 1) Left lateral soft tis- 
„Sue radiograph demonstrating ‘initial find- 
ings. A large, subglottic mass (arrows) is 
noted to eéclude the airway. VC - True 
vocal cord; C - Cricoid cartilage. 


present, Examination of the neck revealed a 
4 x 5 cm anterior neck mass which could be 
partially reduced by compression. Biopsy of 
the tumor revealed a moderately well-differen- 
tiated squamous cell carcinoma. The day after 
endoscopy the cervical mass became erythe- 
matous and painful and aspiration produced 
15 cc of yellowish pus. Cultures grew a pure 
colony of Staphylococcus aureus. Following 
intravenous antibiotic therapy, a total laryn- 
gectomy and left radical neck dissection were 
performed. The laryngeal specimen demon- 





Fig. 2. A, B) (Case 1) Successive CAT 
sections demonstrating subglottic abscess 
(arrows). TC - Thyroid cartilage; A - 
Arytenoid cartilage; C - Cricoid cartilage. 
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Fig. 3. (Case 2) Surgical specimen of 
the larynx sectioned vertically at the mid- 
line to demonstrate a large tumor (T) 
extending into the preepiglottic space. A 
voluminous abscess sac (arrows) is seen 
to communicate with the endolarynx. E - 
Epiglottis; VC - True vocal cord; C - 
Cricoid plate; S - Skin. 


strated a large abscess cavity communicating 
through the left thyroid lamina with a par- 
tially necrotic endolaryngeal tumor (Fig. 3). 
Examination of the laryngeal ventricles re- 
vealed normal saccules, 


Case 3. A 21-year-old male presented to 
the emergency room in acute respiratory dis- 
tress, necessitating a prompt tracheostomy. He 
had a preceding upper respiratory infection 
and had become increasingly dyspneic over a 
period of two days. A soft, tender mass 6 x 4 
cm in diameter was palpated in the right neck 
just lateral to the thyroid cartilage. Indirect 
laryngoscopy revealed a right supraglottic 
swelling covered with purulent exudate, with 
approximately 60% reduction of the airway. 
Tomographic findings are shown in Figure 4. 
Following two weeks of intravenous antibiotic 
therapy, cervical exploration revealed a large 
mixed laryngopyocele. After surgery, the pa- 
tient did well and recuperated without se- 
quelae. 


DISCUSSION 


The present features of acute laryn- 
geal abscess differ substantially. from 
classical descriptions. In 1934, Kernan 
and Schugt* stated that “abscesses and 
phlegmons of the larynx almost occur 
secondarily to an infection elsewhere, 
with exception of those cases of trau- 
matic origin in which the disease must 
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(Case 3) Midlaryngeal tomo- 


Fig. 4. 
gram of right larynx showing marked su- 
praglottic swelling and obliteration of the 
ventricle. Arrow indicates abscess cavity. 
P - Left pyriform sinus, Abscess cavity; 
V - Left ventricle. (Courtesy J Otolaryn- 
gol 6:195, 1977) 


be considered as having arisen in the 
larynx." Presently, with few exceptions 
all cases of laryngeal suppuration repre- 
sent primary processes. This change is 
not only due to the more effective con- 
trol of infections, but also to the in- 
creasing frequency and diagnostic ac- 
curacy of other laryngeal problems, es- 
pecially tumors and congenital mal- 
formations. The use and abuse of drugs 
producing alterations in the host im- 
munological responses have also con- 
tributed to the development of infec- 





4, 


(arrows). 


tions with bizarre modes of presenta- 
tion and unpredictable clinical courses. 


The most frequent modern type. of 
laryngeal abseess appears to occur in the 
epiglottis, usually as a complication of 
acute epiglottitis in adülts? and less 
commonly secondary to infection of pre- 
existing epiglottic or aryepiglottic cysts 
(Fig. 5A, B). Epiglottic abscesses usu- 
ally develop in the lingugl portion, prob- 
ably because of the relative looseness of 
the submucosal attachments to this sur- 
face. These represent’a potentially: lethal 
problem that, when fully. developed, 
urgently requires tracheostomy, trans- 
laryngoscopic incision and drainage, and 
high dose intravenous antibiotics. The 
most frequent etiologic agents appear 
to be streptocoecus and staphylococcus, 
with- the mortality rate approaching 
30%.° f i 


Abscesses arising in -the “subglottic 
space are extremely rare. Of great in- 
terest is case 1. Appearing to arise as an 
unusual complication of emergency in- 
tubation, the abscess remained masked 
by corticosteroids for a relatively" long 
time. Previous reports of such a problem 
have not been found, although Fee and 
Wilson? recently presented a case of 
tracheoesophageal groove abscess fol- 
lowing intubation, lacking an endolaryn- 





Fig. 5. Radiographs of infected A) epiglottic and B) aryepiglottic fold abscesses 






geal compouent-Despité its rarity, the 
clinical findings:in this case closely re- 
produce those described by Jackson’ in 
1905 for subglottic. abscesses complicat- 
ing typhoid. fever. ‘These findings are 
“ especially *sttiking. in reference to the 
description. in Pressman*. and Pressman 
et al* of the subglottic’ space distinctly 
limited between the ventral surface of 
the true cords and the inferior border 
of the cricoid cartilage. Although CAT 
scanning in laryngeal disease is still con- 
-troversial, in. this instance it provided 
excellent delineation of the extent of 
the disease. Second to acute airway ob- 
struction due* to, mass effect, the most 
serious sequela of subglottic abscess is 
bilateral vocal cord ‘paralysis whicli in 
the past was usually: permanent. The 
precise cause of this problem is unclear, 
however in case. 1 there is evidence that 
‘the infection had-spread from the sub- 
epithelial tissues into: the region of the 
subglottic space, bounded ‘by the conus 
elasticus and the medial stirface of the 
cricoid perichondrium. As shown by 
Tucker and Smith, extension of infec- 
tions'into this subspace is unlikely uriless 
the continuity of the fibroelastic mem- 
brane of the conus is broken. In the case 
reported, rupture of the membrane may 
have occurred during emergency intu- 
bation, preparing the route for extension 





into the fibers of the thyroarytenoid : 
muscle and possibly to the cricoaryte- . 
noid bursa. The latter is likely since at 


present the right cord is immobile and 
its arytenoid remains partially fixed and 
the CAT findings appear to support this 
possibility. Arytenoidectomy may be 
considered in the future, if recuperation 
fails to provide a sufficient airway. 
Prompt recognition of a subglottic ab- 
scess and early laryngotomy, as well as 
vigorous antibiotic treatment may pre- 
vent development of this complication. 


Case 2 also exemplifies a rare condi- 
tion. Although exteriorization of tumor 
through the preepiglottic space is fre- 
quent, the formation of a partially air- 
filled cavity or:^pseudolaryngocele" has 
been only exceptionally reported.” 
The pathogenesis of this abscess is quite 
different from the ball valve phenom- 
enon encountered in some laryngoceles 
associated with cancer,'^'* and in this 
case the lack of saccular dilatation ex- 
cludes it. These sacs develop by extra- 
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laryngeal extension and necrosis of the 
tumor, with formation of a tract directly 
communicating with the laryngeal lu- 
men. Increased endolaryngeal pressure, 
common in chronic coughers, forces air 
into the cavity, expanding it. Although 
infected and lined by a pseudomem- 
brane, constituting a true abscess since 
its inception, manipulation, needle as- 
piration, or biopsy may produce a re- 
activation of the process as demon- 
strated here. Oncologically, the prog- 
nosis of these cases is poor. They are 
best managed by radical surgery incor- 
porating the entire abscess and over- 
lying skin en bloc with a laryngectomy 
and radical neck dissection. The opera- 
tion should be followed by postoperative 
irradiation therapy. 


Case 3 has been previously reported 
by the senior author.'^ It merits inclu- 
sion here because infected laryngoceles 
exhibiting an internal component (mixed 
or internal types) behave as any other 
form of acute endolaryngeal abscess. 
Initially, these structures are lined by a 
respiratory epithelium; however, once 
infected much of this component is lost 
and the underlying fibrous tissue as- 
sumes the structural characteristics of a 
pseudomembrane. Although laryngopy- 


“ocele is rare, it is the leading cause of 


Severe airway obstruction related to la- 


ryngoceles and it may follow an upper 
“respiratory infection or airway instru- 


mentation.'^ 


In addition to the causes discussed, 
foreign body injuries still remain po- 
tential sources of laryngeal abscess. The 
current, prevailing philosophy of care- 
ful, endoscopic examination in all sus- 
picious cases has reduced greatly their 
incidence. Postirradiation perichondritis 
is theoretically a possible source for 
chronic sequestration and abscess for- 
mation. 


To conclude, the profile of laryngeal 
abscess has changed markedly during 
the past four decades. It has to be rec- 
ognized as an intrinsic laryngeal prob- 
lem and not as a complication of sys- 
temic processes or extension of neigh- 
boring infections. Although its lethality 
has decreased, it still remains a highly 
dangerous disease and, depending on 
its location, may result in serious per- 
manent deficits. 
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. "Ihe growth and shape ofthe cochlea appears to be controlled by the formation of the carti- 
Jaginous capsule. Coiling of the cochlear duct is apparently the result of the physical barrier 


and ‘support provided by the cartilage cells differentiating from mesenchyme =e the 
r yen -portion of the otocyst. In addition, tissue interactions between this mesenchyme an 


the 


evelóping cochlear duct will influence the formation of the cartilaginous capsule and they may 


Tissue interactions occurring between 
the otocyst and its surrounding mesen- 
chyme that' result in normal develop- 
ntent of the inembranous labyrinth and 


‘its otic cartilaginous capsule have been 


studied extensively in amphibians. The 
inductive role of the inner ear on the 
formation of cartilaginous capsule was 
first examined by Lewis. After remov- 
ing the otic plate from amphibian em- 
bryos, he observed that there is a lack 
of cartilage formation around the area 
of extirpation. He further found that 
when the otic plate of a wood frog 
(Rana sylvatica) embryo was trans- 
planted between the eye and the ear 
of a salamander (Amblystoma), a laby- 
rinth developed that was surrounded by 
a cartilaginous capsule of host origin. 
His results were later confirmed by 
Eisinger and Sternberg? Luther? and 
Kaan.*? Stemberg? showed that an in- 
complete cartilaginous capsule was 
formed as a result of the development 
of an incomplete inner ear which may 
have been developed from a surgically 
damaged otic vesicle. As a result of this 
work, he suggested that the epithelial 
tissue of the otocyst is of primary po- 
tency for the development of the inner 
ear and the embryonic connective tissue 
is of secondary potency dependent upon 
the influence of the epithelial tissue. 


Luther, Balinsky” and Kaan*? con- 
firmed Lewis's observation that the oto- 


^ also be the origin of one of the controlling agents for the coiling mechanism. 


cyst induces formation of cartilaginous 

capsule from mesenchyme cells only in 
the area immediately surrounding the 
normal ear. Kaan* further demonstrated 
that a partial otic capsule is formed 
when the otocyst of the Amblystoma is 
transplanted into the posterior area of 
the normal ear, the resultant otic cap- 
sule will cover only the anterior portion 
of the transplanted labyrinth. 


The reciprocal influence of the carti- 
laginous capsule upon the developing 
inner ear is at this time an open ques- 
tion. Otic vesicles transplanted into ab- 
normal locations do.not develop normal 
labyrinths and are not surrounded by 
cartilaginous capsules. Waddington‘ 
concluded from the study of determina- 
tion of the auditory placode in the chick 
that the mesoderm surrounding the oto- 
cyst influences the normal development 
of the inner ear. Kaan? demonstrated 
that amphibian labyrinths with defective 
otic capsules show abnormalities that 
can be correlated with specific defects 
in the capsule. Absence of a portion of 
the capsule permitted expansion of the 
corresponding parts of the membranous 
labyrinth into cystic vesicles. 


Ruben? studied the terminal mitoses 
of the cells in the embryonic inner ear 
and found that the oldest cells of the 
cochlea occur at the apical turn and the 
youngest cells at the basal turn. He con- 
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lateral canal by LC. Marker - 100 um. 





Fig. 1. Histological cross-section of the dorsal portion 
otocyst. Mature cartilaginous cells are denoted by an 
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of the 15th gestation day mouse 
^: anterior ampulla?^by AA and the 


Fig. 2. Histological cross-section of the ventral portion of the 15th gestation day: 


mouse otocyst. Mature cartilaginous cells are denoted 
G and the cochlear duct by CD. Marker - 100 um. é 


cluded that the growth of the cochlear 
duct occurs at the basal turn of the coch- 
lea. In a recent study of fate mapping 
of the normal mouse otocyst, Li et a]l% 
found that the ventral half of a mouse 
otocyst is committed to develop into a 
cochlea, while the dorsal half is pro- 
grammed to produce the vestibular sen- 
sory structures. In the same study, the 
cell determination was found to occur 
before the 11th gestation day. 


The present study was designed to 
examine the formation of otic cartilag- 
inous capsule and its effect on the coil- 
ing mechanism of the cochlear duct. 


METHODS AND MATERIALS 


CBA/CBA male mice bred to C57/C57 fe- 
male mice provided the normal hybrid mouse 
embryo CBA/C57 used in this study. The pres- 
ence of a vaginal plug indicated successful 
mating and the day upon which the plug was 
found was designated as the first day of ges- 
tation. On the 11th, 12th, 13th, 14th and 15th 
days of gestation, pregnant mice were sacri- 
ficed by cervical dislocation, The gravid uteri 
were removed and placed in a Petri dish of 
prewarmed culture media (Neumann and Ty- 
tell serumless medium, supplemented with 
20% fetal calf serum, 1% L-glutamine and 100 
IU/ml of penicillin). The embryos were re- 
moved one at a time and the age of the em- 
bryos was staged based on the number of so- 
mites which had developed." Ten embryos of 
each gestation day were used. The heads of 
the embryos were then dissected free from the 
body and then fixed in 10% neutral buffered 
formalin for in vivo study. After fixation, the 
heads were dehydrated and embedded by poly- 
ester wax technique." The heads were then 


y an ?;.the acoustic ganglion by -> 
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sagitally sectioned “at 7 um and stained with 
toluidine blues ' oe ? 

For the.in:vitro study, 20 each of 11, 12 and 
13 gestation day. otocysts were removed from 
the embryos. For one group, the control grouj 
of otocysts, adequate mesenchyme was left 
surrounding the entire otocyst, while for an- 
other group of otocysts, the experimental 
group, the mesenchymal tissue surrounding 
the ventral portion of the otocyst was removed, 
leaving only the dorsal half of the otocyst sur- 
rounded by mesenchyme. The otocysts of both 
groups were then placed lateral side up in sep- 
arate Falcon plastic organ culture dishes, each 
containing 0.1 ml of organ culture media. The 
explants were then placed in an incubator at 
34.5 C for periods of 10, 9 and 8 days for 
ll, 12 and 13 gestation day otocysts, respec- 
tively. Culture media was changed every two 
days and photomicrography was used to re- 
cord the morphological development of both 
the contro] and experimental groups; micro- 
graphs being taken on day of explantation from 
the embryo, and at the end of the experiment. 
At the termination of the experiment, the ex- 
plants were fixed in 10% neutral buffered for- 
malin, dehydrated and embedded using a poly- 
ester wax technique." The explanted tissues 
were sectioned at 7 um and stained with tolui- 
dine blue." 


The histological slides of in vivo and in 
vitro studies were examined under light micro- 
scopy. Photomicrography was utilized to re- 
cord the gross morphological development of 
both the control and -experimental groups. 


RESULTS 


From in vivo examination of mouse 
heads stained with toluidine blue at var- 
ious embryonic ages, chondrification of 


-mesenchyme was observed to occur in a 


timed sequential pattern around the oto- 
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Fig. 3. The 11th gestation day mouse otocysts: A) Otocyst of the control experi- 
ment on the day of explantation. M indicates the ventral mesenchyme and G the stato- 
acoustic ganglion complex. Anterior side is on the left. Marker - 200 um, B) Inner ear 
developed from otocyst of (A) after ten days in vitro. C denotes the partly formed carti- 
laginous capsule and CD the cochlear duct of one-quarter turn. Marker - 200 um. C) 
Otocyst on the day of explantation. The ventral mesenchyme was removed as indicated 
by an arrow. G denotes the statoacoustic ganglion complex. Anterior side is on the right. 
Marker - 200 um. D) Inner ear developed from otocyst of (C) after ten days in vitro. 
C denotes the partly formed cartilaginous capsule; CD indicates the cochlear duct. 


Marker - 200 yum. 


cyst. The earliest site of chondrogenesis 
in vivo appeared to occur around the 
area of the notochord at about the 11th 
gestation day. Aggregation of cells with 
a pink staining matrix, roughly corre- 
sponding to the region of the sclerotome, 
and which indicated the beginning of 
chondrification, was observed extending 
from the notochord laterally towards the 
mesenchyme surrounding the otocyst. 
These cells formed an arch which ex- 


tended laterally and then superiorly 
around the inferior area of the develop- 
ing rhombencephalon. Cytodifferentia- 
tion of mesenchyme around the otocyst 
was apparent at 11% days of gestation. 
Mesenchymal cells began to change 
shape and form cells with dense blue nu- 
clei and cytoplasm, which aggregated 
around the otocyst. A substance in the 
surrounding interstices of these cells 
which stained pink with toluidine blue 
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Fig. 4. The 12th gestation day mouse otocysts: A) Otocyst of the control experi- 
ment on the day of explantation. G denotes the statoacoustic ganglion complex and M 
the ventral mesenchyme. Anterior side is on the left. Marker - 200 um. B) Inner ear de- 
veloped from otocyst (A) after nine days in vitro. C denotes the cartilaginous capsule 
and CD the cochlear duct of three-quarter turn. Marker - 200 um. C) Otocyst on the 
day of explantation. The ventral mesenchyme was removed. G indicates the statoacoustic 

anglion complex. Anterior side is on the right. Marker - 200 um. D) Inner ear developed 
rom otocyst of (C) after nine days in vitro. C denotes the partly formed cartilaginous 
capsule and CD the defective cochlear duct in a cystic form. Marker - 200 um. 


was found, indicating the beginning of 
chondrification of mesenchymal cells. 
During the period between the 12th to 
the 15th days of gestation, the aggre- 
gated mesenchymal cells in the dorsal 
region of the otocyst (Fig. 1) were ob- 
served to differentiate into mature carti- 
laginous cells earlier than those in the 
ventral region (Fig. 2). 


When otocysts of the 11th, 12th and 


13th days of gestation were explanted to 
the in vitro system with a sufficient 
amount of mesenchyme around them 
(Figs. 3A, 4A, and 5A), it was observed 
that the otocysts developed into normal 
membranous labyrinths (Figs. 3B, 4B, 
5B and D). It was also noted that there 
was a progressive degree of coiling of the 
cochlear duct which was correlated with 
the embryonic age of the’ otocyst ex- 
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planted. The 11th gestation day otocyst, 
left to grow for a period of ten days in 
vitro, showed merely a hook or a quarter 
turn of the cochlear duct (Fig. 3B). In 
contrast, the 13th gestation day mouse 
otocyst exhibited a more advanced stage 
of coiling of the cochlear duct ranging 
from one to one and a half turns (Fig. 
5B and D). The 12th gestation day 
mouse otocyst showed varying degrees 
of coiling from a quarter to one full turn 
(three-quarter turn in Fig. 4B). 


The otocysts with all the surrounding 
ventral mesenchyme removed (Figs. 3C 
and 4C) showed normal development of 
vestibular sensory structures in the dor- 
sal region (Figs. 3D, 4D and 5C). Semi- 
circular ducts and their associated am- 
pullae, the utricle and saccule were well- 
defined, but the cochlear duct found in 
the ventral region expanded in an unre- 
strained manner forming a cyst-like ex- 
trusion (Figs. 3D, 4D and 5C). When 
only the ventroanterior mesenchyme was 
removed (Fig. 5E), the apical end of 
the cochlear duct, instead of coiling in- 
wards (Fig. 5B and D), protruded out 
from the defective cartilaginous capsule 
formed from the remaining ventral mes- 
enchyme (Fig. 5F). 


Cochlear sensory epithelia, composed 
of hair cells, outer sulcus cells and tec- 
torial membrane, developed:in both the 
control and experimental groups (Figs. 
6 and 7). However, the sensory epithelia 
in the experimental group had not 
reached a stage of development equiva- 
lent to that of the control group. 


DISCUSSION 


There is an otocyst-mesenchymal in- 
teraction for the development of the ven- 
tral portion of the membranous laby- 


*McPhee J: In preparation. 
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rinth. The growth and the shape of the 
ventral portion of the membranous laby- 
rinth appears to be controlled by the for- 
mation of the cartilaginous capsule. This 
cartilaginous capsule shows evidence of 
being induced and organized by the de- 


veloping inner ear.'* 


Chondrogenesis appears to occur in a 
timed sequential pattern around the oto-. 
cyst. The mesenchymal tissue medial to 
the otocyst shows the earliest cytodiffer- 
entiation into cartilaginous cells, fol- 
lowed by cytodifferentiation of a portion 
of the lateral mesenchyme. Mesenchyme 
in the dorsal region differentiates earlier 
than that in the ventral region.* The dor- 
sal half of the mouse otocyst which is 
committed to the development of the 
vestibular sensory structures" is limited 
in size by the aik chondrogenesis of the 
dorsal mesenchyme. The relatively late 
chondrogenesis of the ventral mesen- 
chyme. allows the. ventral half of the 
mouse otocyst; which is programmed to 
produce the cochlea" to grow ventrally 
in size and length. However, the chon- 
drification.of the ventroposterior mesen- 
chyme around the otocyst further limits 
the growth of the cochlea, permitting it 
to only coil laterally. 


In vitro results demonstrated that 
when a segment of the ventral mesen- 
chyme was removed, the cochlear duct 
adjacent to that area no longer follows a 
normal pattern of development. This ab- 
normal development can be explained 
by several mechanisms. First, the differ- 
entiating ventral mesenchyme may pro- 
vide a physical barrier and support to 
the developing cochlea duct by produc- 
ing a spiral cartilaginous capsule in the 
ventral region. Coiling of the cochlea 
may result from a combination of the 


Fig. 5. The 13th gestation day mouse otocysts: A) Otocyst of control experiment 
on the day of explantation. M denotes the surrounding mesenchyme of the otocyst, and 
G indicates the statoacoustic ganglion complex. Anterior is on the right. Marker - 200-um. 
B) Inner ear developed from the otocyst of (A) after eight days in vitro. C denotes the 
cartilaginous capsule and CD the cochlear duct of 1% turns. Marker - 200 um. C) Inner 
ear developed from otocyst with the entire surrounding ventral mesenchyme removed. 
CD indicates the defective cochlear duct in a cystic form. Anterior side is on the right. 


Marker - 200 um. D) Dark field image of (B) 


showing the 1% turns of the cochlear 


duct. Marker - 200 um. E) Otocyst on the day of explantation. The ventroanterior 
mesenchyme was removed. G denotes the statoacoustic ganglion complex and M the dor- 
sal mesenchyme intact. The arrow indicates the location of the ventro-anterior mesen- 
chyme which had been surgically removed. Marker - 900 um. F) Inner ear developed 
from (E) after eight days in vitro. C denotes the partly formed cartilaginous capsule and 


o 
is on the right. Marker - 200 um. 


CD the cochlear duct. Note the cochlear duct protrudes out of the defective capsule and 
where the ventral mesenchyme was removed on the day of explantation. Anterior side 
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` in vitro. The ventral mesenchyme is left intact on the day of explantation. The tectorial 
membrane is denoted by * and the hair cells are indicated by arrows. Marker - 100 um. 


Fig. 7. Cochlear sensory epithelium of a 12th gestation day mouse otocyst, nine days 
in vitro. The ventral mesenchyme surrounding the otocyst was removed on the day of 


explantation. * 


physical barrier and support provided by 
the capsule. Secondly, there may be a 
tissue interaction. between the otocyst 
and the surroundihg mesenchyme in 
which genetic messages are transmitted 
from the developing cochlea duct to the 
differentiating mesenchyme and vice 
versa. Normal coiling of the cochlea duct 
may be programmed during such tissue 
interactions. The inductive role of the 
otocyst upon the differentiation of the 
surrounding mesenchyme into a carti- 
laginous capsule has been demonstrated 
in the developing amphibian inner ear.'* 
Recent in vitro studies on cytodifferen- 
tiation of the mesenchyme in the mouse? 
also indicates that the otocyst contrib- 
utes to the induction of cartilage in the 
surrounding mesenchyme. Reciprocal in- 
fluence of the mesenchyme on the cell 
determination of the otocyst was sug- 
gested by Waddington.’ He theorized 
that the mesoderm surrounding the otic 
placode affects the normal development 
of the. inner ear. Kaan? demonstrated 
that.a defective otic capsule results in 
abnormal development of the membran- 
ous labyrinth which can be correlated to 
-the area where the defect occurs in the 
otic capsule. 


Other tissue interactions that help 
bring about normal anatomical develop- 
ment have been demonstrated by Be- 
with" to exist in the relationship of the 
eye and the lens. The formation of the 
lens is induced by the optic cup, but the 





*McPhee J: In preparation. 


- Tectorial membrane. Marker - 100 um. 


normal development of the choroid fis- 
sure and the retina is dependent upon 
the presence of the lens. 

The progressive degree of coiling of 
the cochlear duct which can be corre- 
lated with the embryonic age of the oto- 
cysts explanted as control specimens in- 
dicates that in addition to the otocyst- 
mesenchymal interaction, the formation 
of the otic cartilaginous capsule might 
be under the continuous influence of 
other factors such as that of the rhom- 
bencephalon. In vivo observation of the 
embryonic inner ear indicates that much 
of the mouse cochlear coiling is achieved 
between 12% to 14 days of gestation 
from one-quarter turn to one and one- 
quarter turns.?° By the 18th day of ges- 
tation, the mouse cochlear duct coils to 
1% turn. Cytodifferentiation of the sur- 
rounding mesenchyme into chondrogen- 
ic cells started at approximately 11 
days of gestation.* Mature cartilaginous 
cells began to appear in vivo and in 
vitro in the otic capsule on about the 
15th day of gestation. The formation of 
the cartilaginous capsule and the coil- 
ing mechanism of the cochlear duct ap- 
pears to be brought about by a compli- 
cated system of interactions between 
otocyst, mesenchyme and neural tube. 
Influence of the neural tube on the dif- 
ferentiation of the otocyst has been dem- 
onstrated in the chick and in amphibi- 
ans.^!*-*? Deol?! believed that abnormal 
development of the kreisler inner ear is 
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the result of an abnormality in the kreis- 
ler mouse neural tube. From this study, 
it is now felt that the continuous influ- 
ences of the neural tube on the growth 
of the cochlear duct and the chondrifi- 
cation of the mesenchymal cells during 
the period between the llth and 13th 
days of gestation may be necessary for 
complete coiling of the cochlea. 


The influence of the statoacoustic 
ganglion complex has been excluded as 
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Detection thresholds for a representative from each of seven odorant classes (putrid, pep- 
perminty, ethereal,.camphoraceous, pungent, musky, floral) were determined by double-blind 
smell testing of seven normal males, six normal females, 6 patients with uncomplicated con- 
genital anosmía and 13 patients with the Minden of congenital anosmia and hypogonadotropic 

a 


hypogonadism (the Kallmann syndrome, o 


ctogenital dysplasia). The median detection thresh- 
olds did not differ significantly between hypogonadal an 


eugonadal anosmics for any of the 


odorants, suggesting that the endocrine deficit does not result from inadequate rhinencephalic 


input to 


brain centers controlling gonadotropin release. 


Phenylethylmethylethylcarbinol 


(PEMEC), a stable chemical of the floral class, was detected at very low concentrations (10°° 
to 10° M in. water) by all normals tested. Since no patient with congenital anosmia was able to 
distinguish éven undiluted PEMEC from water, we suggest that this compound is the material 
of chgfce for convenient, rapid and objective testing of the sense of smell (cranial nerve I). 


Congenital anosmia has been known 
for centuries, its most famous victim 
having been Lorenzo de Medici of 15th 
century Florence.' Reports of congenital 
anosmia associated with hypogonadism 
are of more recent vintage. Although 
the first case was published in 1852, 
recognition of the syndrome was de- 
layed until 1914? There has been in- 
creasing interest in the pathophysiology* 
and genetics*? of this disorder, now 
commonly called Kallmann's syndrome* 
or olfactogenital dysplasia. In almost 
all instances the hypogonadism is sec- 
ondary to a deficiency of pituitary gon- 
adotropin secretion, Some investigators 
have speculated that the primary lesion 
is hypothalamic, with decreased 
amounts and/or activity of the gonado- 
tropin-releasing hormone(s).? 


As part of a continuing study of hypo- 
gonadal patients, we have admitted to 
our endocrine unit sporadic cases with 
anosmia as well as members of a kin- 
dred'? with the syndrome. We report 
here the olfactory detection thresholds 
of these patients for representatives of 


seven standard odorant classes.'' Their 
detection thresholds have been com- 
pared to those of eugonadal patients 
with congenital anosmia, and to those 
of volunteer control subjects with nor- 
mal gonadal function and no apparent 
deficit in the sense of smell. 


METHODS. AND MATERIALS 


Patients. Patients with a diagnosis of the 
syndrome of hypogonadism and congenital 
anosmia gave a history of lifelong inability to 
smell common odorants, had evidence of de- 
ficient primary and secondary sexual develop- 
ment by history and by physical examination, 
and had laboratory A ETE of deficient 
pituitary gonadotropin and gonadal steroid 
production; other pituitary functions were in- 
tact. Patients with a diagnosis of eugonadal 
congenital anosmia gave a similar history of 
lifelong smell deficit but had no evidence of 
impaired gonadal function. Volunteer control 
subjects were college students or religious vol- 
unteers (age 18-25 years) hospitalized for 
several months in the Clinical Center Normal 
Volunteer Patient Program; none had clinical 
or laboratory findings suggestive of hypo- 
gonadism and all had nasal mucosa of normal 
appearance. No subject with a history of se- 
vere nasal or head trauma, allergic rhinitis, or 
recurrent sinusitis was admitted to any of the 
three groups. All patients giving a history of 
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TABLE 1. ODORANTS. TESTED 














Odorant* Standard Odor Category? < ` Supplier Gs 
Pyridine Putrid Fisher (certified reagent). 
d.l-Menthone Pepperminty Aldrich Chemical Co. 
1,2-Dichloroethane Ethereal Eastman Organic Chemicals 
1,8-Cineole Camphoraceous ^ ' Eastman Organie Chemicals 
Formic acid Pungent Baker (analytical. reagent) 
15-Hydroxypentadecanoic acid Musky Givaudan-Delawanna, Inc. 

lactone ( Thibetolide? ) y 

d,l-8-Phenylethylmethylethylcarbinol Floral |. -Givaudan-Delawanna, Inc. 


(PEMEC) 


*All liquids at room temperature except 15-hydroxypentadecanoic acid lactone. 


anosmia had roentgenographic examination 
of their sinuses; no significant abnormalities 
were detected. 


Odorants. Representatives of seven standard ` 


odorant classes," obtained from sources listed 


in Table 1, were used without further purifi- 
cation. Dilutions were made in odorless, doub- 
ly-distilled deionized water or in odorless min- 
eral oil, USP. When a pure solid odorant (15- 
hydroxypentadecanoie acid lactone, Thibetol- 
ide®) was presented, control vials contained 
odorless sodium chloride, USP. Odorant solu- 
tions were prepared weekly, stored in individ- 
ual double-stoppered glass containers at 4 C, 
and brought to room temperature before pres- 
entation. Diluent for control vials was changed 
each day. 


Smell Testing. Smell testing was conducted 


in quiet, air-conditioned rooms at 26 C. When 
concentrated solutions were employed, test- 
ing was conducted adjacent to a fume hood, 
where vials were kept between presentations. 
To minimize the possibility of olfactory fa- 
tigue, testing periods never exceeded 30' min- 
utes and were always.preceded by rest periods 
of at least ten minutes. No subject was studied 
more. than twice in a' single day. No Subject 
was tested who had a recent upper respira- 
tory infection, or had smoked or eaten during 
the preceding half hour. No attempt was made* 
to study subjects at the same time of day or 
to test women in a particular phase of the 
menstrual cycle.” 


Subjects were required to distinguish an 
odorant from two odorless controls, using 
minor modifications of a published method." 
Five milliliters of odorant and 5 ml of control 


TABLE 2. DETECTION THRESHOLDS* FOR STANDARD ODORANTS IN 
NORMAL SUBJECTS 











Males 
Dichloro- Formic 
Pi: Pyridine . Menthone ethane Cineole Acid Thibetolide® PEMEC 
G.C. 10° 10° 10“ 10" 10° 10° 107 
D.G. 107” 107 10* 10” 107 x 10* 107 
M.K. 107 107 107* 107 107 ~ 10° 107 
M.L. 10* 10° 10° 10” 10° 10° 107 
D.K. 107 10° 10° 10° 10" 10° 10° 
D.C. 10° 10° 10° 10° 10? 10“ 107 
R.G. 107 10° 10* 10° 10° 10° 10” 
Median 107 10” 10“ 107 10° 10° 10" 
Females 
T.B 107 10° 10° 107 10"* 10° © 107 
V.B 10 10° 10* 10° 107? 107 107 
K.D. 107 10° 10° 107 10° 10° 10% 
R.H. 10° 10° 10“ 10° 10° 10° 107 
L.C. ho 10° 1Or* 10* 10? 10° 10° 
PE, 107 10° 10“ 105 10° 10° 10° 
Median 107 10° 10% 107 10° 10? 107 
*All odorant concentrations in moles/liter diluent. 
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TABLE 3. DETECTION THRESHOLDS} FOR STANDARD ODORANTS IN PATIENTS 


WITH CONGENITAL ANOSMIA 








M : UNCOMPLICATED CONGENITAL ANOSMIA 
l TES Dichloro- 


t 


Formic Thibeto- 





“Pt. ‘Age/Sex Pyridine Menthone ethane ^ Cineole Acid lide@® PEMEC 
J.B. : 35 M * 104 oo 1 ° 1 co oo 
JR gos  3LM an 1 1 1 1 oo co 
AT. s 54M 01 * y NT 1 NT o0 
GB. ` 25 F - 7107 ° 107 oo 1 co oo 
VM. 40 F id co ? ° 1 co co 
A.B. 58 FE; s co NT oo NT oo oo 
Median 10^7—1 8. — o0 1 » l oo co 
LEN VV ANOSMIA .— HYPOGONADISM (Olfactogenital Dysplasia) 

` W.B. 31M ;; 107 . ° ° ° co co 
“TS. 17M 107 M 107 1 107 oo oo 

S.S. 36 'M 107 oo 1 s 1 co co 
A.H. 31M 107 M 1 1 1 co co 
MP. 46 M ~ 1 1 1 M 1 oo co 
CM.  ,:-.35M i oo * s NT oo oo 
V.A. `` ,96M 107 o oo 1 NT oo oo 
als 22 F 10? è 1 1 1 co oo 
C.P. 40.F 10: s 1 e 1 co [22 
R.H. 38 F, 107 . 107 ° 1 oo co 
S.C. aT Ew. 167 * 1 1 1 oo eo 
G.V. "STF 10? s 1 1 1 co co 
D.B. 92 F X. 107 oo 1 1 $ oo oo 
Median 107 d 1 1 1 oo oo 


{All odorant concentrations in moles/liter diluent, except as noted below. 
* . Undiluted odorant distinguished from odorless diluent. oo - Undiluted odorant not dis- 
tinguished from odorless diluent. N'T - Not tested. 


diluent? were presented in identical 15 ml 
screw-cap glass vials with a 16 mm opening 
(liquid scintillation vial).** Presentation was 
made in sets of three, with the subject told 
that two of the vials contained an inert diluent 
while the third contained diluent plus odorant 
and was “different.” Seated comfortably with 
eyes closed} the subject was given the first 
vial of the set and asked to sniff cautiously. 
If no odor was detected, the subject was asked 
to sniff vigorously. This routine was repeated 
for the second and t vials of the set, and 
the subiect asked which vial was "different." 
The order of presentation of odorant and con- 
trols in the three vial set was randomized and 
neither tester nor subject was told which vial 
contained odorant. For each of six trials, if 
the subject was unable to detect a difference 
‘among the vials, they were presented a second 
time; if still no difference was detected, the 
“subject was required to guess. 


^ When the vial containing the odorant was 
selected correctly in at least five of six trials, 
the odorant was said to be detected at the con- 


centration presented. Solutions of each odorant 
were presented in concentrations varying by 
increasing factors of ten and the detection 
threshold was defined as the smallest concen- 
tration of odorant detected. Since the chance 
of guessing correctly in an individual trial is 
one third, the chance of guessing five trials 
correctly is X* or 1/243 (P <0.005). 


RESULTS 


Detection thresholds for representa- 
tives from seven standard odorant 
classes are listed in Table 2 for normal 
subjects and in Table 3 for patients with 
congenital anosmia. The median detec- 
tion threshold for normal subjects of 
pyridine in water was 107M, with a 
range of 105 to 10M. This is somewhat 
lower than the median of 10?M (range: 
10? to 10°M) reported by others'? 
using a similar method; the reason for 
this difference is not clear. 


*When undiluted (solid) Thibetolide® and control (sodium chloride) were presented, the 


vials: were filled to'a depth of 2 mm. 
**Packard Instrument Co. La Grange, IL. 


[Subjects were observed carefully throughout to insure their "blind" cooperation. 


CONGENITAL ANOSMIA 


There was no overlap in detection 
threshold for any odorant tested be- 
tween the control and anosmic groups. 
The median detection thresholds for the 
two groups differed by factors of 10° 
to greater than 10’ for the seven odor- 
ants. All 19 anosmic patients failed to 
distinguish the fruity odor of pure 
PEMEC from water. All 18 anosmiic 
patients tested were unable to detect the 
musky odor of pure 15-hydroxypenta- 
decanoic acid lactone (Thibetolide®). 
The “global” elevation of detection 
thresholds in these patients differs from 
cases of "specific" anosmia to single 
odorants that have recently been re- 
viewed by Amoore and his colleagues." 


Median detection thresholds did not 
differ significantly between hypogonad- 
al and eugonadal anosmics for any of 
the seven odorants tested (Table 3). 
Detection thresholds for pyridine have 
been determined by Henkin'* on three 
of the anosmic patients reported here 
( Table 3: A.B., V.M., C.M.). He found 
that they were unable to distinguish 
pure pyridine from water, while we 
found that each was able to make that 
distinction, although none of the three 
could distinguish 1 M pyridine from 
water. We are unable to explain the 


differences in our results from those of 
Henkin. 4 


£ 


We detected no systematic difference 
in median detection thresholds between 
anosmic males and females. Similarly, 
within the limits of the semiquantitative 
method employed, no significant dif- 
ference was discerned between the 
median detection thresholds of normal 
males and females. Our failure to con- 
firm previous reports of small sex dif- 
ferences in olfactory thresholds may be 
methodologic, since we presented odor- 
ants differing in concentration by at 
least a factor of ten. 


“991 


DISCUSSION 


We found no difference jn detection , 
threshold between hypogonadal and 
eugonadal congenital anosmies for sever. 
odorants of different classes (Table 3). 
This is not surprising, since the common, 
lesion at autopsy in all congenital anos- 
mics, with or’ without hypogonadism, ' 
has been agenesis-of the olfactory : 
lobes. It seems reasónable to suggest, 
therefore, that the endocrine deficit has 
an etiology other than decreased rhinen- 
cephalic input'* to brain centers con- 
trolling gonadotropin release. ep o 
the rhinencephalon plays a role in the 
reproductive physiology of some mam- 
mals,'*!5 no such data exist for man. On 
the contrary, normal fertility in patients 
with congenital .anósmia ' is. well- 
known.!?:?» : 


Of the seven classes presented, anos- 
mics uniformly failed» to detect the 
musky and floral odors,,but.could de- 
tect very high concentrations of the 
pepperminty, camphoraceous, ethereal, 
putrid and pungént odors (Table 3). 
Compounds from the latter five classes 
could trigger detection at these con- 
centrations via afferents carried by cra- 
nial nerves IX, VII or V, especially the 
trigeminal.?^?? Since we favor a defini- 
tion of olfaction, the sense of smell, 
exclusively in terms of olfactory nerve 
function? we suggest that only com- 
pounds from the musky and floral 
classes are appropriate for testing cra- 
nial nerve I. In particular, since 
PEMEC a stable, pure chemical with a 
pleasant smell is detected by all normals 
tested at very low concentrations (10: 
to 10*M, Table 2), afd since no patient 
with congenital anosmia was able to 
distinguish it, even undiluted, from an 
inert liquid (Table 3), we suggest that 
this compound is the material of choice 
for convenient, rapid and objective? 
testing of the sense of smell. M 
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Fig. 2. 'Direction-changing ageotropic 
positional nystagmus 3% hours. following 
ingestion of 180 cc of 50% glycerol in nor- 
mal saline. A) Right lateral position. B) 
Left lateral position. 


DISCUSSION 

Positional nystagmus has been vari- 
ously classified utilizing such variables 
as direction, provoking maneuver, per- 
sistence, latent period, and fatigability. 
It has been repeatedly demonstrated 
that whichever classification is used, the 
nature of positional nystagmus taken by 
itself is not adequate for site of lesion 
determination. Direction-fixed positional 
nystagmus is produced by a central 
lesion less than 1% of the time. Direc- 
tion-changing positional nystagmus is 
found to be of central origin 20% of the 
time. This leaves 80% still due to periph- 
eral disease. Several series have pointed 
to a significant incidence of direction- 
changing positional nystagmus among 
Méniére's disease patients.^? Direction- 
changing positional nystagmus should 
however, alert the physician to the pos- 
sibility of central pathology. Some inves- 
tigators feel this is especially true if the 
fast component beats away from the de- 
pendent ear (ageotropic nystagmus).? 


The production of positional nystag- 
mus undoubtedly results from an altera- 
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tion of otolith modulation of semicir- 
cular canal output. The otolith organs 
clearly influence nystagmus responses 


` but are dependent on cupular function 


for nystagmus generation. Accelerating 
normal supine subjects along their longi- 
tudinal axis varies gravitational vectors 
on otolith organs during constant, hori- 
zontal, canal stimulation. Such experi- 
ments have demonstrated enhancement 
or inhabition of the resulting horizontal 
nystagmus depending on body position.’ 
In a longitudinal plane a single utricular 
macula does not have bidirectional in- 
fluence or horizontal eye movements. 
It is stimulation of the midlateral portion 
of the utricular macula on the upper- 
ward side which tends to enhance a 
tonic gaze deviation towards the ground 
and a nystagmus towards the up side 
(ageotropic). Thus in the left lateral 
position, the right utricle increases tonic 
deviation of the eyes to the left. The op- 
posite is true of the right lateral position 
and encourages a left-beating nystag- 
mus. The prone and supine positions are 
“neutral.” Convergence of the outputs 
of the two systems has been demon- 
strated at the level of the vestibular 
nuclei? Positional nystagmus has been 
shown to result from selective lesions of 
the flocculonodular lobe of the cerebel- 
lum. Thus the potential exists for a dis- 
ruption of the integration of the two 
systems at a variety of sites, peripheral 
and central. 


Between 5 and 24 hours following 
injestion, a large amount of alcohol may 
produce a  direction-changing — ageo- 
tropic positional nystagmus (PAN II). 
There is some evidence that this is, at 
least in part, a peripheral effect as dif- 
ferential alcohol concentrations (and thus 
densities), have been demonstrated be- 
tween the fluid spaces of the inner ear.’ 
Observations of ENG following gly- 
cerine ingestion have shown little cor- 
relation between cochlear and vestibular 
function changes. Caloric testing may 
show decreased vestibular sensitivity at 
a time when there is marked audio- 
metric improvement. Such observations 
have also shown glycerine is capable of 
producing PAN I-like nystagmus in 
both Méniére’s patients and normal con- 
trols.* 


Our patient presented with a direc- 


POSITIONAL NYSTAGMUS 


tion-fixed geotropic positional nystag- 
mus completely consistent with his pe- 
ripheral end-organ disorder. Following 
a glycerol test, despite marked improve- 
ment in cochlear function, he experi- 
enced a symptom of vestibular dysfunc- 
tion. An ENG shortly thereafter, showed 


REFERENCES po gu ittm s e 


l. Aschan C, Stahle J: Nystagmus in Men- 
iere’s disease during attacks. A nystagmo- 
graphical study. Acta Otolaryngol (Stockh) 
47:189-201, 1957 


2. Dayal VS, Tarantino L, Farkashidy J: 
Spontaneous and positional nystagmus. A re- 
assessment of clinical significance. Laryngo- 
scope 84:2032-2044, 1974 

3. Barber HO, Stockwell CW: Manual 


of Electronystagmography. St. Louis, CV Mos- 
by Co, 1976 


4. Flurr E: Positional and positioning nys- 
tagmus as a result of utriculo cupular integra- 
tion. Acta Otolaryngol (Stockh) 78:19-27, 
1974 


5. Markham CH, Curthoys IS: Labyrinth- 


295 


the nystagmus had changed to a pattern 
suggesting the: possibility of central in- 
volvement. In dis. instánce, this pattern: 

was not due to the basic disease process 
or to alcohol. It was the result of the 
ingestion of glycerine as a diagnostic 
and prognostic procedure. 
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|. PROFESSIONAL SOCIETIES: TRADITION AND BALANCE 


Westey H. BrapLey, MD 


prc: , . ALBANY, New YORK 


^ At the ‘end of a busy week of pro- 
fessional. ‘society meetings, one might 
rightly question if such an expenditure 
‘of: time, energy, and resources is really 
worthwhile. There are some who would 
answer in-the negative, and say that the 
time and energy could be better used 
in caring for those who require our 
services. I would like to share some 
thoughts. from another point of view. 


At the 1978 Annual Meeting, the 
American  Laryngological Association 
celebrated -its 100th Birthday, the sec- 
ond of our senior societies to reach this 
traditional landmark. Tradition, in the 
highest sense of the word, is embodied 
in our professional medical societies, 
and provides a basis for high standards. 
The sense of belonging and of accep- 
tance by one’s peers on the basis of 
demonstrated competence is strong mo- 
tivation for the development of high 
standards. At no time in our history, 
when so many accusing fingers are be- 
ing pointed at the medical profession, 
has this type of encouragement for up- 
grading from within been more essential. 


Since tradition alone, however, seldom 
suffices as raison d'étre, we can note 
with justifiable pride that professional 
societies in American medicine were 
among the earliest mechanisms for con- 
tinuing medical education. This function 
is one that the societies must learn to 
perform even more effectively. Utiliza- 
tion of some of the new techniques 
which are being developed in this rapid- 
ly expanding area is essential. Profes- 
sional societies should not be competing 
with other groups in the field of con- 
tinuing inodo] education, but should 


be cooperating in melding the offerings 
of all groups to provide the best com- 
posite for the individual physician. Con- 
tinuing education will be increasingly 
important, and the professional societies 
must maintain a voice and a significant 
role in the overall program. 


Another aspect of the societies seemed 
especially apparent at these meetings, 
i.e., the intermixing of the age groups. It 
was a memorable experience to hear Dr. 
Moses Lurie as Guest of Honor of the 
Triological Society describe some of his 
insights as a result of over 50 years in 
practice, teaching and research. Equally 
thrilling was Dr. Louis Clerfs telling 
of being present at the 50th Anniversary 
Meeting of the American Laryngologi- 
cal Association. It is most important that 
many senior members continue to come 
and participate actively in the meetings. 
For the younger members, it is often a 
high point professionally to be able to 
meet and talk with the people whose 
work they have studied and who were 
previously only names in a textbook or 
journal. Such experience provides not 
only the basis for tradition in the soci- 
eties, but also appropriate direction for 
the younger members during the short 
period before they begin to assume the 
kadehin roles. 


Today in our complex world of pres- 
sures, with forces pushing us in many 
directions at once, an important ques- 
tion is how we keep our balance. Per- 
haps the tradition of the past, exempli- 
fied by individuals working through 
professional societies, can help us main- 
tain our perspective, certainly a most 
important prerequisite for balance. 
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TINNITUS AS A PRESENTING SYMPTOM 
IN PERNICIOUS ANEMIA 


Jous H. Cocuran, JR, MD 
Patrick W. KosMickr, MD 
Denver, COLORADO 


The etiology of tinnitus includes a compli- 
cated differential diagnosis. A comprehensive 
list as presented by Goodhill includes many 
entities, but the physician's attention is usual; 
ly directed toward primary otologic patholo- 
gies. This patient presents a clear reminder of 
the need to be mindful of all the causes of 
tinnitus. 


CASE REPORT 


J.P. is a 64-year-old female referred for 
evaluation of pulsatile tinnitus in both ears 
for a few months. She had no history of ear 
infections, trauma, hearing loss, vertigo, noise 
exposure, exposure to ototoxic agents, or hy- 
pertension. On examination, her ear cana s, 
tympanic membranes, and hearing were nor- 
mal. She had bilateral carotid bruits and the 
intensity of the tinnitus could be decreased in 
either ear by even light pressure over the ca- 
rotid for auscultation. In addition the patient 
appeared pale and did note some increased 
fatigability. 


A complete blood count revealed a hema- 
tocrit of 21% with macrocytic indices. Serum 
folate was normal, vitamin Bi; was quite low, 
and bone marrow examination showed an in- 
crease in megaloblasts. A Schilling test was 
done which confirmed inadequate absorption 
of By: and the diagnosis of pernicious anemia 
was made. 


She was treated with parenteral vitamin Bi; 
and in three weeks her hematocrit was 384. 
In addition, her tinnitus and bruits had com- 
pletely resolved. 


SUMMARY 


An unusual case presenting to the otolaryn- 
gologist as pulsatile tinnitus is discussed. Fowl- 
er' points out that the circulatory response to 
anemia is increased cardiac output. There is 
associated tachycardia and increased arterial 
pulse pressure. Because of this increased flow 
state and turbulence, systolic bruits, venous 
hums, and "capillary" pulsations are found. 
This increased flow state is perceived in the 
ear as a transmitted pulsatile tinnitus. 


The successful treatment of this patient's 
pernicious anemia corrected the hyperdynamic 
circulatory state, and resulted in disappearance 
of her tinnitus. 


REFERENCES 


l. Fowler EP: Head noises in normal and 
disordered ears. Arch Otolaryngol 39:498, 1944 


2. Goodhill V: A tinnitus identification test. 
Ann Otol Rhinol Laryngol 61:778, 1952 


3. Fowler NO: High cardiac output states, 
in Hurst JW (ed) : The Heart. New York, Mc- 
Graw Hill, 1974 


297 


LETTER TO THE EDITOR 


Dear Editor: 


In the March-April 1978. issue of the Annals 
there appeared an article by Karl H. Sieden- 
top, MD et al* which makes a critical analysis 


of the "tympanometric method" for evaluation 


of eustachian tube function. As: I introduced 
this method in 1969 I would like to make a 
few comments. 


The measurement technique whicli-"was 
used by. Siedentop et al seems to differ fróm 
the one I presented in: 1969. The equipment . 
does not allow a variation’ of the nasopharyh-: 
geal air pressure levels. The device.I am using 
allows a great variation of the nasopharyngeal 
air pressure. This means that the. examiner 
has more possibilities, to create negative air 
pressure in the nasopharynx, which then could 
be transmitted to: the middle ear. This may ` 
explain one qf the difficulties he had estàb- * 
lishing negative middle ear pressure levels. 


As shown in Figure 2 in Siedentop's article 
the ear canal air pressure is continuously 
changed during the testing procedure. This 
may have influenced thé patients' ability to 
create the middle ear pressure. Also, this. in- 
fluences the patients' ability to equilibrate the 
established middle ear pressure level This 
may be another explanation for the differences 
between our results. 


It is always difficult to compare materials, 
pathological and normal, between different 
populations. Also it may be difficult to select 
those in a normal group from those in a patho- 
logical group. This holds for my material as 
well as Siedentop's material I can only say 
that my selection was based on a very thorough 
review of the history and otomicroscopic find- 
ing. 

As my normal material was limited in the 
original article, I investigated 70 medical stu- 
dents selected to represent normal individuals 
based on history, hearing and otomicroscopic 
examination. In only 10% of these it was im- 
possible to create negative middle ear pressure. 


When it comes to establishing negative mid- 
dle ear pressure I like to refer to Elner et al? 
who established negative middle ear pressure 
in 84% of normal individuals, using the same 
technique as I introduced. 


Elner et al’ examined 102 normal individ- 
uals and used an air flow technique in the 
ear canal to record the middle ear pressure 
change. They also used a pressure chamber 
for introducing negative middle ear pressure. 
Despite using only —100 mm H:O he found 
that 92% of his normal individuals could equi- 
librate the underpressure. Also, when using 
the testing technique similar to the one I in- 
troduced he noticed that all normals could 
equilibrate negative air pressure. 


Ingelstedt et al’ also examined pilots and 
their ability to equilibrate negative middle ear 
pressure. They found that pilots with history of 
problems with air pressure equilibration really 
do have an inability to establish air pressure 
equilibration. This was reproduced in the air 
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pressure chamber. On the other hand pilots 
without history of problems did have very 
good ability to equilibrate negative air pressure. 

Recently Williams* introduced a tympano- 
metric method- for’ evaluation of eustachian 


„tube function. In the material presented there 


‘seems to be .significant difference between 
normal jridividuals and those having had se- 
cretory otitis: media, Normal individuals could 
equilibrate very discrete negative air pressure, 
while those with pathologic history could not 
change the air pressure. , 

In'suminary, the material presented by Sied- 
entop incfudés only 15 normal and 14 patho- 
logical ears. Any definite conclusions regard- 
ing the: usefulness of the “tympanometric pro- 
cedure” may not) be drawn from this study. 
The. “aspiration method" in cases with a per- 
forated tympanic membrane is widely used 
and found clinically useful. The aim for my 
introduction of the tympanometric method was 
to convert the "aspiration method" for use in 
cases with an intact tympanic membrane in the 
clinical routine. Oné of the problems with the 
tympanometric. method has been to establish 
the negative pressure levels in the middle ear. 
It is my expérience and also true according to 
Elner's investigations that this is possible in 
between 85-90% of the patients. This means 
that in the large majority of cases it is possible 
to get negative middle ear pressure and thus 
an evaluation of the capacity to normalize 
this pressure by swallowing. Also I would like 
to add that this ability to normalize negative 
intratympanic air pressure by swallowing must 
be looked upon as one important criterion for 
normality of eustachian tube function. 

I hope these comments will clarify some mis- 
understandings which may exist when it comes 
to testing eustachian tube function. 
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BOOK REVIEWS 


Reconstructive Plastic Surgery, Second 
Edition 
Edited by John M. Converse. Hard cover, 
black and white illustrations, indexed, 
referenced, table of contents, seven vol- 
umes. W. B. Saunders Company, Phila- 
delphia, PA 19105. 
Volume 1. General Principles, 596 pp 
Reviewed by R. J. Corry, MD. 
Volume l is a unique presentation covering 
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both the basic aspects of plastic surgery in- 
cluding physical properties of the skin, repair 
and regeneration, thermal burns, cold injury, 
effects of radiation, psychiatric aspects of plas- 
tic surgery, and transplantation of tissues and 
organs. It is only fitting that so much of this 
volume is devoted to transplantation, as its 


editor was one of the founding fathers of the 


Transplantation Society and its first president- 
elect. Converse has performed elegant experi- 
mentation in transplantation biology and tissue 
typing, and has inspired others to follow the 
same path. The section on transplantation bi- 
ology presents a thorough review of the current 
knowledge of immunogenetics which any stu- 
dent of surgery should be encouraged to read. 
The subsequent several chapters eloquently 
cover transplantation. of dermis, fat, fascia, 
tendon, skeletal muscle, cartilage, bone, and 
inorganic implants. This volume is not only 
useful for the plastic surgeon, but would be a 
valuable asset to the library of the general sur- 
geon. 


Volume 2. Facial Injuries, the Orbit, the 
Nose and the Cranium, 670 pp 

Reviewed by Richard W. Babin, MD. 

Volume 2 of this set follows the same basic 
format of the first edition and covers facial 
trauma, the orbit, the nose and the cranium. 
The most significant changes include the ad- 
dition of sections on the embryology and 
growth of the face and an increase in the an- 
atomy and physiology of the eyelids, orbit and 
nose. The material on the reconstruction of eye- 
lid defects and the surgical management of 
ptosis has been greatly expanded. Separate 
chapters have been added on the oriental eye- 
lid, rhinophyma and facial fractures in chil- 
dren. Multiple facial fractures, naso-orbital 
fractures and orbital decompression have been 
reorganized. Many illustrations have been 
added or redrawn. Most are reproduced in a 
larger size. The result is a better organized, 
more readable volume than the previous edi- 
tion. 


Volume 3. The Jaws, the Lips and Cheeks, 
Facial Burns, the Cervical Region, the 
Ears, Facial Palsy, the Aging Face, 
641 pp 

Reviewed by Robert M. Bumsted, MD. 


This volume covers the jaws, lips and cheeks, 
cervical region, ears, aging face, facial palsy 
and facial burns. It is contributed to by 15 
authors who are primarily plastic surgeons 
but include an otolaryngologist and an ortho- 
dontist. 


This book has been expanded from the previ- 
ous edition to include a welcome addition on 
facial burns which was not previously covered 
in the head and neck edition of this text. 


The section on deformities of the auricle 
has also been greatly expanded to include 
many more (but not all) procedures available 
for reconstruction of the microtic ear and the 
treatment of traumatic and surgical deformities 
of the ear. 

In the section on deformities of the jaw, 
cephalometrics are more fully explained. Sev- 
eral approaches to the treatment of a specific 
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problem are now included instead of the previ- 
ous single approach. 


The illustrations are larger, which is a sig- 
nificant improvement over the previous vol- 
ume. In most sections, a greater number of 
ilustrations are present. The type itself is 
darker and easier to read than in the past. 


This book is an important contribution to the 
field of plastic surgery and could be of benefit 
to all residents and practitioners of otolaryn- 
gology involved in plastic and reconstructive 
surgery of the head and neck. 


Volume 4. Cleft Lip and Palate — 
Craniofacial Deformities, 596 pp 


Reviewed by Janusz Bardach, MD. 


This volume contains the sections regarding 
a multidisciplinary approach to the cleft lip 
and palate and craniofacial deformities. Thir- 
teen of the 19 chapters are devoted to various 
aspects of cleft lip and palate. In this edition 
many new problems are presented and the most 
recent concepts are incorporated. Twenty-five 
authors, among them plastic surgeons, speech 
pathologists, orthodontists, prosthodontists and 
an anatomist contributed to the contents of 
this very well-planned volume. 


Addition of new chapters dealing with an- 
atomy of the facial skeleton in cleft lip and 
palate, musculature of cleft lip and palate, and 
facial growth in cleft lip and palate have made 
this section more complete. 


Personally, I do not feel fully satisfied with 
Chapter 47, in which a very difficult problem 
of the secondary deformities of the cleft lip 
and nose and cleft palate are too condensed. 
It is my understanding that secondary deform- 
ities of lip, nose and palate in most cases may 
represent a more difficult problem than primary 
repair and therefore I feel that a more com- 
plete presentation is necessary in the next edi- 
tion. 


Another suggestion related to Chapter 49 
dealing with orthodontics in cleft lip and pal- 
ate children is that this chapter would benefit 
from a separate presentation of orthodontic 
management of the complete unilateral cleft 
lip, alveolus and palate and the bilateral cleft 
lip, alveolus and palate, because a different 
approach and management is applied in each 
of these deformities. 


The section of the craniofacial deformities 
is very excellently presented. I feel that more 
emphasis needs to be placed on the indications 
and complications following craniofacial sur- 
gery. 

Despite these criticisms my deep opinion is 
that this manual is the best ever written in this 
field. I would recommend it as a basic man- 
ual, not only for plastic surgeons, but for all 
other surgical specialists dealing with cleft 
lip and palate and other craniofacial anomalies. 


Volume 5. Tumors of the Head and Neck, 
Skin Tumors, 441 pp 
Reviewed by William R. Panje, MD. 
In the earlier, 1964 edition of this work, 
Volumes 1-3 contained in part what is now in 
a separate volume on tumors of the head and 
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neck and skin tumors. Noticeable additions in- 
clude a chapter by Ian A. McGregor, detailing 
the use of the forehead and deltopectoral flap 
in oral and mandibular reconstruction; Dr. 
Bakamjian and Dr. Calamel also présent a very 
good chapter on oropharyngo-esophageal revs? 
construction, The chapter on skin tumors has" 

een expanded and contains a good discussion 
of the surgical treatment of malignant thela- 
noma. The book is well-illustrated, One serious 
drawback to-Volume 5, however; is the super- 
ficial attempt to cover methods of cancer re- 
section in a text whose central theme is tecon- 
structive surgery. The «usefulness of: Volume 5 
to the more experienced head and neck can: 
cer surgeon is somewhat restricted, and prob- 
ably will best serve the plastic. and .younger 
head and neck surgeons. f te 


Volume 6. The Hand and Upper Extremity, 
566 pp 4 


Edited by J. W. Littler. Reviewed by Adrian 
E. Flatt, MD. : 


The new edition of this. volume contains five 
more chapters and over 130 more pages than 
the first edition. This expansion is justified. 
The new chapters deal with the digital exten- 
sor/flexor system, repair of peripheral nerves, 
replantation surgery and reconstruction of the 
thumb in traumatic loss. There is also an ex- 
panded chapter on. nerve and tendon entrap- 
ment syndromes. 


Throughout the text there is an emphasis 
on principles of care, particularly well-shown 
in the chapters on acute hand injuries, and 
dressings and splints. Although a few of the 
opinions expressed are somewhat dated, this 
new edition is an elegant, beautifully illustrated 
guide to all the major problems in hand sur- 
gery. 


The Paranasal Sinuses Anatomy and Surgi- 
cal Technique, Second Edition 


By Frank N. Ritter. Hard cover, black and 
white illustrations, indexed, 153 pp, 1978. 
The C. V. Mosby Company, St. Louis, 
MO. Price $33.50 


The excellent acceptance of this monograph 
and publication of a second edition are fur- 
ther evidence of the continuing need to fill 
the hiatus of information which has developed 
regarding the simple care and treatment of 
the nose and paranasal sinuses. Practitioners 
as well as students are seeking practical guid- 
ance in the prevention and treatment of the 
prevalent and often recalcitrant problems of 
the nasal sinuses, 


Three well illustrated sections dealing with 
surgical procedures have been added: trans- 
antral ethmoidectomy, transseptal sphenoidot- 
omy and maxillary sinus irrigation by way of 
the canine fossa, which have daily practical 
application. Denis Lee's illustrations are clear 
and informative. 


The book is recommended to practitioners 
and residents for study and review of paranas- 
al sinus surgery. 


Ben H. SENTURA, MD 
St. Louis, MO 





ABSTRACTS FROM 
NATIONAL AND 
. INTERNATIONAL JOURNALS 


Aspiration Pneumonia: Beneficial and 
Harmful Effects of Positive End- 
Expiratory Pressure 


Toung T, Saharia P, Permutt S, et al: Sur- 
gery 82:279-283, 1977 

Massive aspiration pneumonia has remained 
a complex clinical entity with a high mortality 
rate despite steroid administration. It has been 
shown that immediate positive pressure ven- 
tilation, regardless of the presence of respira- 
tory failure, is beneficial to increasing survival 
rates. Carried a step further, it would seem 
that positive end-expiratory pressure (PEEP) 
could further enhance survival. 

Using mongrel dogs, lungs were prepared to 
assess the effects of PEEP following acid in- 
jury. Following intrabronchial instillation of 
hydrochloric acid, eight lobes were ventilated 
with-5 cm (of H:O) of PEEP, 12 lobes with 
10 cm- of PEEP, and 8 lobes with 15 cm of 
PEEP during a four-hour, constant blood flow 
perfusion period. Lobes with 5 cm of PEEP 
developed. a 39% intrapulmonary shunt and 
increased their weight by 220%. At 10 cm, 
weight gain was 184% but shunting was only 
at 7%. At 15 cm, shunting was only 13%, but 
weight gain was 411%. 

Therefore, PEEP can be beneficial, but 
must be regulated to prevent a further in- 
crease in interstitial and intra-alveolar edema. 


A. BLITZER 
New York, NY. 


Evaluation of Radiotherapists’ Reports for 
Treatment of Prosthodontic Patients 
after Irradiation 

Matalon V: J Prosthet Dent 38:446-451, 
1977 
The importance of the radiotherapists’ re- 
ports and findings is the central point of this 
article. This record is necessary before the 
prosthodontist and other people involved in 

the patient's treatment can evaluate and im- 

plement a definitive prosthodontic treatment 

plan. 


The need for the treatment record becomes 
paramount before a decision can be made as to 
the proper prosthodontic treatment of the pa- 
tient. Though this article is concerned with 
the radiotherapy aspect of treatment, surgical 
complications and considerations are men- 
tioned. Scar formation, the compromise of 
blood supply, and the edema which normally 
follow any of the surgical procedures will all 
compromise the prosthetic replacement and 
should be taken into consideration. The pa- 
tient who has had both surgery and radiation 
will be more compromised than one treated by 
either modality alone. 


Dosage, modalities of radiotherapy, and ef- 
fects on oral and paraoral structures are de- 
scribed. A poor candidate for dentures is nor- 
mally a difficult candidate following radia- 
tion, Not all patients are capable of tolerating 


a prosthesis following radiation therapy. How- 
ever, for many, function and esthetics can be 
restored. 

Since the author has been connected for 
many years with the M. D. Anderson Hospital 
and Tumor Institute, Houston, Texas, the ar- 
ticle and its accompanying bibliography are 
of interest to all involved in radiotherapeutic 
measures for head and neck cancer patients. 


J. D. Pino 
New York, NY. 


Critical Period for Acoustic Trauma in the 
Hamster and Its Relation to Cochlear 
Development 

Bock GR, Saunders JC: Science 197:396- 

398, 1977 

The notion has been expressed for some time 
(eg, Temkin, 1933), that the infant ear, and 
perhaps even the young adult, is especially 
vulnerable to the effects of sound exposure. 
However, the evidence consisted of casual ob- 
servations and lacked scientific vigor. In a 
study of 1969, Lutovats (Yugoslavia) claimed 
to have demonstrated that young workers, 20 
to 29 years of age, suffered greater hearing 
losses than workers 30 to 45 years of age after 
members of both groups had been exposed to 
industrial noise for the first time in their lives, 
for periods of five to ten years. In this re- 
viewer's opinion, however, the evidence sub- 
mitted does not stand up under statistical 
scrutiny, Falk et al demonstrated histological- 
ly that, following noise exposure, newborn 
guinea pigs showed more extensive hair-cell 
damage than adult animals. 

The present study, employing cochlear mi- 
crophonic registration, showed losses in sensi- 
tivity in young hamsters after noise exposure 
(l octave band 5-10 kHz, 125 dB for 2.5 
minutes) compared to that of controls that 
had not been so exposed. Directly after birth, 
noise-induced losses were minimal; there was 
a critical increase around the 20th day; a 
plateau was reached at the 27th day lasting 
until the 55th day; and there was a return 
to minimal losses after the 70th day. Low ef- 
ficiency of the middle ear muscle reflex in the 
young was excluded as a causative factor. No 
differences were found between noise-exposed 
adult animals and controls when both groups 
were tested in deep Nembutal? anesthesia. 
Developmental factors could not be made re- 
sponsible either, since the cochlear microphon- 
ic responses reached their full sensitivity at 
about the 3lst day of age, a figure that did 
not correlate with the age dependence of the 
noise-induced losses. Authors concluded there- 
fore that the locus of the development process 
that is responsible for the susceptibility to 
noise in young animals is most likely in the 
cochlea. Under the lightmicroscope, the organ 
of Corti appears to be mature at 20 days of 
age, functionally (judging by the development 
of the cochlear microphonic responses just 
mentioned) at 31 days of age. It is important 
to note that the period of heightened sensitivi- 
ty begins at about the time of structural ma- 
turation, but outlasts it for at least another 40 
days. 

This study, together with that of Falk et al 
has shown that, at least in rodents, the ears of 
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young animals are more susceptible to noise 
than those of adult animals. It must be men- 
tioned in this connection that hamsters have 
a life span of about three years and females 
reach puberty at about the 28th day and males 
at the 45th day of life. ( Breeders are advised 
not to breed them before the 70th day.) All 
this indicates that the animals, when finally 
losing their heightened noise susceptibility, 
are sexually fully mature. The next task will be 
to find out the mechanism that is responsible 
for the heightened susceptibility to noise of 
young animals. 

J. ToxNponF 

New York, NY. 


Sleep-Induced Apnea Syndrome: 
Prevalence of Cardiac Arrhythmias 
and Their Reversal After 
Tracheostomy 


Tilkian AG, Guilleminault C, Schroder JS, 
et al: Am J Med 63:348-358, 1977 


Cardiac arrhythmias during wakefulness and 
sleep and the effect of atropine and tracheos- 
tomy on these arrhythmias, were studied in 
15 patients with sleep-induced obstructive 
apnea, Whereas normal sinus rhythm was pres- 
ent during wakefulness in all, sleep was char- 
acterized by marked sinus arrhythmia in 14 
patients. Extreme sinus bradycardia (<30 
beats/min.) appeared in six, asystole (2.5-6.3 
seconds) in five, and second degree A-V block 
in two. Ventricular arrhythmias during sleep 
included complex premature ventricular beats 
in ten patients and ventricular tachycardia in 
two. Arrhythmias during wakefulness were lim- 
ited to premature ventricular beats in six. 
Atropine partially suppressed the sinus arrhy- 
thmias and tracheostomy abolished the ma- 
jority of arrhythmias. A proposed mechanism 
of arrhythmia production in sleep apnea and 
the probable role of such arrhythmias in the 
sudden infant death and pickwickian syn- 
dromes were discussed. 


S. BAREDES 
New York, NY. 


Carcinoma of the Lower Lip: Treatment 
Results at Indiana University Hospital 


Hornback NB, Shidnia H: Cancer 41:352- 
357, 1978 


Carcinoma of the lower lip was seen in 66 
patients at the Indiana University Hospital 
from 1960-1972. Patients were staged using 
the TMN classification and all patients had 
either “well differentiated" or “moderately well 
differentiated" squamous cell carcinoma. Pa- 
tient selection and treatment modalities were 
described. Excellent cure rates were obtained 
with the use of either radiation or surgery for 
primary early carcinomas of the lower lip, 
whereas larger lesions were best treated with 
irradiation. Close follow-up, especially for the 
first two years, is mandatory since neck re- 
currence after treatment of a primary lip car- 
cinoma represents an extremely poor progno- 
sis and most recurrences were seen within the 
first year while no recurrences were seen af- 
ter the first two years. 


J. PoncAno 
New York, NY. 
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ANNUAL COURSE 
HEAD AND NECK ONCOLOGY 
UNIVERSITY OF MICHIGAN 
Dept. of Otorhinolaryngology 
May 14-18, 1979 


Designed to provide the surgeon with a. sys- 
tematic approach to the treatment of head and 
neck cancer. Broad range of topics will be cov- 
ered in didactic presentations and cadaver dis- 
section. Included will be: tumor immunology 
and virology, clinical and radiographic diag- 
nostic techniques, principles of radiation ther- 
apy, dental evaluation and prosthetic manage- 
ment, and special emphasis on principles and 
techniques of surgical treatment with immedi- 
ate reconstruction. | 
Enrollment Limited 
Tuition including anatomic dissection material: 
$500 - physicians in practice; $350 - residents. 
Tuition for those not participating in cadaver 
dissections: $400 - physicians in practice; $250 
- residents. 
For those not wishing to perform cadaver dis- 
sections, detailed video demonstrations of each 
surgical procedure will be presented. 
Course approved'for 42 units of continuing 
education credit through Dept. of Continuing 
Medical Education, University of. Michigan. 
For further information: Floyd Pennington, 
PhD, Towsley Center for Continuing Medical 
Education, Univ. of Michigan Medical Center, 
Ann Arbor, MI 48109. 





EAR RESEARCH INSTITUTE 
announces two-week 
TEMPORAL BONE SURGICAL 
DISSECTION COURSE 
presented annually 
March, May, June and October 


Will demonstrate the multiple approaches to 
the structures of the temporal bone as current- 
ly used by members of the Otologic Medical 
Group, Inc. 


Each day course members spend four hours in 
dissection laboratory and four hours observing 
live color telecasts of surgery which correlates 
with the dissection of the day. Evenings are 
devoted to lectures illustrated by slides and 
motion picture demonstrations. Videotapes in 
color from the Institute’s Otologic Seminar 
Library are available for study by course par- 
ticipants. 

Twenty-four board certified or board eligible 
otolaryngologists and residents will be ac- 
cepted in each course. Advance registrations 
for courses in 1980 and 1981 are now being 
accepted. 

Tuition Fee: Otolaryngologists — $1200. U. S. 
currency. Residents — $900. U. S. currency. 

Applications of residents must be accompanied 
by a letter from their Chief of Service. 

For further information address communica- 
tions to: Antonio De La Cruz, MD, Director, 
Temporal Bone Surgical Dissection Course, 
Ear Research Institute, 256 Lake Street, Los 
Angeles, CA 90057. 
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International Symposium on the Hearing Impaired Child 


May 16, 17, 18, and 19, 1979 


FEES: Physicians — $275 
Audiologists — $150 
Residents & Military — $100 


CME: 22.5 credit hours in Category | 
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Speakers: 

LaVonne Bergstrom, M.D. Robert J. Gorlin, D.D.S., M.S. 
Charles D. Bluestone, M.D. Robert W. Keith, Ph.D. 
Bernard H. Colman, M.D. Richard R. Kretschmer, Ed.D. 

Marion P. Downs, M.A. Thomas H. Maren, M.D. 

J. Scott Dunbar, M.D. Jon K. Shallop, Ph.D. 

Michael E. Glasscock, III, M.D. George E. Shambaugh, Jr., M.D. 

Theodore J. Glattke, Ph.D. Gordon D.L. Smyth, M.D. 


The Symposium will concentrate on the medical and surgical evaluation and rehabilitation of these 


children in addition to the audiological aspects of detection, evaluation and 


rehabilitation. 

The Symposium will be divided into didactic lectures combined with workshops 
in which active participation by the faculty and participants will be encouraged. 

For Additional Information Contact: 

Allan B. Seid, M.D., 
Children’s Hospital Medical Center, 

In Elland & Bethesda Avenues., 
| D Cincinnati, Ohio 45229 513/559-4355 
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THE RICHARD B. HADLEY MEMORIAL SEMINAR 
presented by 
THE AMERICAN RHINOLOGIC SOCIETY 
at 
THE NEW YORK EYE AND EAR INFIRMARY 


May 15-16, 1979 
Visiting Guest Lecturers 


Maurice H. Cottle, MD Robert M. Hansen, MD Henry Merriman, MD 

Pat A. Barelli, MD Kenneth Hinderer, MD William J. Neidlinger, MD 
Carlos G. Benavides, MD Leland R. House, MD Leon Neiman, MD 
Joseph P. Calderone, MD Eugene B. Kern, MD Charles J. Petrillo, MD 


Jaime Carrillo, MD Clifford F. Lake, MD Bruce A. Sanderson, MD 
George H. Drumheller, MD W. Steve Lang, MD Carl B. Sputh, MD 
Anthony Failla, MD Walter E. E. Loch, MD Albert Steiner, MD 
George W. Facer, MD W. Kaye Locklin, MD Charles A. Tucker, MD 
Amos D. Friend, MD Fausto Lopez, MD Alvin P. Wenger, MD 


Howard J. Greenfield, MD Bruce R. Marshall, MD Joseph W. West, MD 


An updated review of surgical management of nasal septum and 
pyramid deformities will be highlighted. 


AMA-CME Credits, Category 1: 16 
Registration Fee: $100.00 (residents: no fee) 


For registration and additional information please write: Jane Stark, Registrar, 
Post-Graduate Institute, New York Eye and Ear Infirmary, 310 East Fourteenth 
Street, New York, NY 10003. 
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IOWA HEAD AND NECK CANCER COURSE 


UNIVERSITY OF IOWA 
Dept. of Otolaryngology and Maxillofacial Surgery 


June 11-15, 1979 


Comprehensive course in Head and Neck Cancer and Reconstructive Surgery 
will be directed toward updating the practicing head and neck surgeon involved 
in the surgical treatment of head and neck cancer. 


Cadaver dissections will be done by each participant in order to give a hands 
on experience in surgical approaches to the sinus cavities, conservation laryngec- 
tomy, parotidectomy and functional neck dissection. Special emphasis ‘will be 
placed on reconstructive methods pertinent to ablative cancer operations. 


WILLIAM W. MONTGOMERY, MD — Special guest speaker, : 
Course is approved for AMA Category 1 credit. 


Enrollment is limited. 


FEE: 


$500 


$300 — Residents with a letter of recommendation from departmental chies, 


Contact: William R. Panje, MD, Director, Division of Head and Neck T 
Oncology, Department of Otolaryngology and Maxillofacial Surgery, M i of 
Iowa Hospitals, Iowa City, IA 52242. Tel. (319) 356-2166. 


~ 
~ 


DEPARTMENT OF 
OTOLARYNGOLOGY 


and 
FUNCTIONAL SURGERY OF 
THE EAR 
Hospital de la Cruz Roja 
Barcelona, Spain 
announces 


INTERNATIONAL SYMPOSIUM ON 
ENDONASAL MICROSURGERY 
AND RHINOSINUSAL ENDOSCOPY 
May 19-21, 1980 


Director: J. Prades, MD 
Cosponsors: J. Bosch, MD, Ch. Freche, MD 
J. M. Montserrat, MD 
International Guest Lecturers 
Rhinoneuromicrosurgery, septoplasty, endonas- 
al approach of the pterigomaxillary fossa, en- 
donasal microsurgery of the facial algias, and 
of the lacriminasal ductus ways, vidian neu- 
rectomy, Bock neurectomy in the secretor or 
obstructive tubaritis, the greater superficial pe- 
trosal neurectomy by transaitical approach 
and rhinosinusal endoscopy. 
Simultaneous translation: 

Spanish 


Registration Fee — $300. 


For further information write: J. Bosch, MD, 
Muntaner 366-3°, Barcelona 21, Spain. 


English, French 


~ 
~ 


ENT Ist YEAR RESIDENCY 


Position to start July 1, 1980 to qualified 
candidates. 690 bed general hospital. Ac- 
tive internships and residencies. Very ac- 
tive ENT service. Program affiliated 
with Manhatten Eye, Ear and Throat 


Hospital. 


Please contact: Wilbur J. Gould, MD, 
Director of Otolaryngology, Lenox Hill 
Hospital, 100 East 77 Street, New York, 
NY 10021. 


FIFTY-SECOND. ANNUAL NEW YORK EYE AND EAR INFIRMARY 
-CLINICAL CONFERENCE 
May 17-18, 1979 — St. Moritz Hotel, New York City 
OTORHINOLARYNGOLOGY 1979 


Speakers: Drs. A. Abramson, H. Biller, S. Blaugrund, J. Cinelli, P. Chodosh, Y. B. Choo, F. De 
Pinies, R. C. Eberle, L. Ehrlich, F. Fodor, H. Giancarlo, H. House, F. Kamer, J. Kessler, K. 
Mattucci, N. Pastorek, J. Pulec, W. Rubin, S. Stool. 
Croup Syndrome 
Diagnostic Implications of Tinnitus 
Facial Carcinoma and Regional Flaps 
Management of the Patient with Vertigo 
Diagnosis and Management of Labyrinthine Trauma 
Plastic Surgery Panel: Surgery of the Nasal Tip 


AMA-CME Credits, Category 1: 16 
O 


` DR. GEORGE K. HIGGINS MEMORIAL SEMINAR 
^ May 19, 1979 — New York Eye and Ear Infirmary 
Lecturer: Jack Pulec, MD 
Complications Arising During Otologic Surgery 
Management of Otologic Surgery “Tragedies” 
Temporal Bone Dissection Demonstration and Simulation 
t *XMA-CME Credits, Category 1: 3 
Registration, Clinical Conference: $150.00 ( Luncheons and Dinner included) with spouse (din- 
ner) $175.00. Residents: no fee. Higgins Memorial Seminar: no fee. 


For registration and additional information, please write: Jane Stark, Conference Registrar, New 
York Eye and Ear Infirmary, 310 East Fourteenth Street, New York, NY 10003. 
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HARVARD MEDICAL SCHOOL 
Department of Continuing Education 
announces course 
CLINICAL OTOLOGY 
June 20-22, 1979 


Massachusetts Eye and Ear Infirmary 
Chairman: Harold F. Schuknecht, MD 


This is a selected-topics course for otolaryngologists and will include in-depth discussions 
of diagnosis and treatment of otosclerosis, tympanomastoidectomy, neurological surgery of the 
ear, evoked response audiometry, and ossiculoplasty. 

Clinical Pathological Conferences will be held each day and will consist of the presentation 
of interesting and challenging otologic patients recently seen at the Massachusetts Eye and Ear 
Infirmary. There will be lectures on management of the stenotic ear canal and sudden deafness. 


Course has Category I accreditation for eighteen hours toward the 
AMA’s Physician's Recognition Award. 


Faculty will include the following individuals: 


Werner D. Chasin, MD Ralph F. Naunton, MD 
Bernard Colman, FRCS Robert E. Scully, MD 
Richard R. Gacek, MD Herbert Silverstein, MD 
Keat-Jin Lee, MD F. Blair Simmons, MD 

T. Manford McGee, MD Mansfield F. W. Smith, MD 
William W. Montgomery, MD Gordon D. L. Smyth, MD 
Pierre B. Montandon, MD M. Stuart Strong, MD 

Cary N. Moon, Jr., MD William R. Wilson, MD 
Joseph B. Nadol, Jr., MD John L. W. Wright, FRCS 


Application forms may be acquired from: the Department of Continuing Education, Harvard 
Medical School, 25 Shattuck Street, Boston, MA 02115. 
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THE PAGE AND WILLIAM BLACK POST-GRADUATE SCHOOL OF 
MEDICINE of the MOUNT SINAI SCHOOL OF MEDICINE (CUNY) 


Announces Postgraduate Courses 


RHINOPLASTY AND OTOPLASTY 


(Co-sponsored with The American Academy of 
Facial Plastic and Reconstructive Surgery, Inc.) 


Under the Direction of 


Sidney S. Feuerstein, MD 
Course Director 


Jacob S. Aronoff, MD 
Samuel M. Bloom, MD 
William Lawson, MD, DDS 
Frank E. Lucente, MD 


and Guest Faculty: 


James Baum, MD, Bridgeport, Conn. 
John Conley, MD, New York, N. Y. 
Irvin Fine, MD, Perth Amboy, N. J. 

Robert Simons, MD, Miami, Fla. 
Richard Webster, MD, Boston, Mass. 
Howard Smith, MD, DDS, New Haven, Conn. 
William Wright, MD, Houston, Tex. 


June 10-14, 1979 
Sunday through Thursday 
9:00 AM - 6:00 PM (5 Sessions) 


Course covers the basic principles of rhinoplasty 
including reconstructive surgery of the nasal sep- 
tum and otoplasty. Basic lectures on surgery of the 
nasal tip will be thoroughly reviewed and discussed. 
Laboratory dissection on fresh cadavers will be co- 
ordinated with the lectures in addition to daily live 
and taped televised surgery. Anatomy, physiology, 
pathology, diagnosis, planning and evaluation in 
Rhinoplasty will be thoroughly reviewed. Manage- 
ment of the nasal septum with and without Rhino- 
plasty will be presented. Correction of nasal de- 
formities including thorough discussion of compo- 
nent parts and their relation to every other part 
with special emphasis on the nasal tip and nostrils, 
splinting, correction of accompanying chin deform- 
ities, use of grafts for restoration of contour, plastic 
surgery in children and psychiatric aspects will be 
reviewed. Management of nasal deformities associ- 
ated with cleft palate and cleft lip will be pre- 
sented. 


The technique and latest concepts developed in 
Rhinoplasty will be discussed and taught including 
the prevention and correction of Rhinoplasty se- 
quellae. The importance of surgical judgment, prop- 
per association of the aesthetic and physiological 
requirements and methods of improvisation will be 
stressed. 


Lectures on Otoplasty will deal with etiology, 
pathology and surgery of deformities of the auricle 
secondary to errors in shape, size and position. 


Fee: $600 


COSMETIC SURGERY OF THE AGING EYE 

(Co-sponsored with The American Academy of 

Facial Plastic and Reconstructive Surgery, Inc.) 
Under the Direction of 


Morris Feldstein, MD 
Course Director 
Jack R. Anderson, MD, New Orleans, La. 
Ira Eliasoph, MD, New York, N. Y. 
Sidney S. Feuerstein, MD, New York, N. Y. 
Virginia L. Lubkin, MD, New York, N: Y. 
Norman Orentreich, MD, New: York, N. Y. 
David B. Soll, MD, Philadelphia, Pa. 
Richard C. Webster, MD, Brookline, Mass. 
June 15-16, 1979 
Friday and Saturday 
9:00 AM - 5:00 PM (2 Sessions) 

Course is designed for those surgeons who have 
had some experience in this field and wish more 
exhaustive and detailed instruction in cosmetic sur- 
gery as it applies to the eye. In addition to lec- 
tures and films, a seminar format will be employed 
so that each participant will be able to resolve his 
particular difficulties in group discussions. 


Cadavers for surgéry will be provided. Admission 
only after correspondence with the Director of The 
Page and William Black Post-Graduate School of 
Medicine. 


Fee: $300 


FACIAL PLASTIC SURGERY 
(Co-sponsored with The American Academy of 
Facial Plastic and Reconstructive Surgery, Inc.) 

Under the Direction of 
William Lawson, MD, DDS 
Course Director 
Jacob S. Aronoff, MD 
Sidney S. Feuerstein, MD 


and Guest Faculty. 


June 18-19, 1979 
Monday and Tuesday 
9:00 AM - 6:00 PM (2 Sessions) 


This course will cover the facelift procedure. It 
will include lectures on case selection, regional an- 
atomy, operative technique, complications and re- 
sults. Attention will also be given to ancillary pro- 
cedures for the aging face. Cadaver dissection and 
surgical demonstrations will be utilized. 


Fee: $300 


As an organization accredited for continuing medical education, The Page and William Black Post-Grad- 
uate School of Medicine of the Mount Sinai School of Medicine (CUNY) certifies that these continuing 
medical education offerings meet the criteria for Category I of the Physician's Recognition Award of the 
American Medical Association, provided they are used and completed as designed. s 


Apply To: Director, The Page and William Black Post- Graduate School of Medicine, Mount Sinai School 
of Medicine, One Gustave L. Levy Place, New York, NY 10029. Tel: (212) 650-6737. 
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, Send manuscripts by first-class mail to Editor Ben H. Senturia, MD, 4949 Forest Park Blvd., 
St: Louis, MO 63108, or to Coeditor Brian F. McCabe, MD, University 'of Iowa Hospitals, Iowa 
‘City, IA 52242. Original manuscripts dealing with clinical and scientific aspects of otolaryngology, 
bronchóésóphagology, head and neck and maxillofacial and plastic surgery, audiology, speech 

pathology: and related specialties will be considered for publication. It is understood that the man- 
uscripts-have not appeared in any other journal except society’ transactions. 


COPYRIGHT. Because of the Copyright Revision Act of 1976, effective January 1, 1978, all 
manuscripts must be accompanied by a letter containing the following language before manu- 
scripts: will be reviewed for possible publication: "In consideration of the ANNALS OF OTOL- 
OGY, RHINOLOGY & LARYNGOLOGY taking action in reviewing and editing my submission, 
the author(s) undersigned hereby transfers, assigns or otherwise conveys all copyright ownership 
to thé Annals Publishing Company in the event such work is published in the ANNALS OF 
OTOLOGY, RHINOLOGY & LARYNGOLOGY." We regret that manuscripts not accompanied 
by such a letter will have to be returned. 


MANUSCRIPTS. Papers should be limited to a maximum of 8 typeset pages including illus- 
trations and tables (approximately 16 double-spaced typewritten pages). If a manuscript of 
slightly. hig Jength is approved by the Editorial Board, all typeset pages in excess of 8 will be 
charged to the author at the publisher's cost of $90.00 per page. AN ORIGINAL and TWO 
CLEAR COPIES of:the MANUSCRIPT and THREE ORIGINAL SETS of ILLUSTRATIONS 
should be provided for review. Manuscripts should be typewritten, double-spaced, and widely 
margined. The author's surname should head each sheet. Titles should not exceed 60 letters and 
should be so worded as to facilitate indexing. Suggestions for a RUNNING HEAD should be 
provided on the title page and should be no longer than 35 letters. Use generic names for drugs. 

List manufacturers for products and instruments. Authors whose “first” language is not English 
` should arrange for their manuscripts to be written in idiomatic English prior to submission. 


REFERENCES. All citations must be numbered in the order of appearance in the text. They 


should be listed chronologically on a separate sheet (double-spaced) at the end of the paper and 
should follow. AMA Style Book/Editorial Manual. 


Example (for journals); Stebbins WC, Miller n. Johnsson LC, et al: Ototoxic hearing loss 
and cochlear pathology. Ann Otol Rhinol Laryngo 78:1007-1025, 1969 


Example (for books): Berne E: Group Treatment. New York, Oxford University Press, 1966, 
p 26. Should there be any questions, please consult recent publications of the ANNALS. 


ILLUSTRATIONS. Glossy photographs and washdrawings are acceptable. Line drawings to be 
reproduced as zinc etchings must be in black on white paper. Lettering on illustrations should 
be on the face of the illustration. The size of the illustration and the lettering should be planned 
so as to fit in one or two columns. Half-tones should be cropped maximally in an effort to avoid 
photographie reduction. Each illustration should have lightly written ig soft pencil or pasted 
(not clipped) to its back: 1) the author's name; 2) the title of the paper; 3) the figure number; 
4) the top clearly indicated. Actual cost of engravings will be charged to us author. COLOR 
illustrations are acceptable for publication with the cost to be borne by author. Cost estimates 
will be provided upon request. 

TABLES. Data should be presented clearly and concisely with BRIEF TITLES and standard 
abbreviations. Long, detailed tables of original data should be avoided. Cost of setting tables will 
be charged to author. Tables should be so organized that they fit in either one or two columns 
of the ANNALS page. 

MEASUREMENTS. All measurements should be expressed in the metric system Audiograms 
must be plotted according to ISO standards. 

ABSTRACT-SUMMARY. A clear, gully understood abstract-summary babent 150 and 200 
words is presented at the beginning of each paper and should accompany the paper. It should be 
understood that one of the primary objectives of this abstract is to provide a summary of the 
findings for the reader. 

PERMISSIONS. Materials taken from other sources must be accompanied by a written state- 
ment from both author and publisher giving permission to the ANNALS for reproduction. If 
permission for publication is required by the author's institution, such clearance should be pro- 
vide 

SUPPLEMENTS. A manuscript too long for inclusion in the conyenional issue of the ANNALS 
may be published as a Supplement to the ANNALS if approved the Board of Editors. All 
costs must be borne by the author; estimates of cost will be piae le upon request. 

PROOFS. Senior author will receive manuscript proofs in ample time for correction, accom- 
panied by proofs of half-tones on ANNALS paper stock. Author. should make sure that illustra- 
tions are properly oriented and that legends accompany the proper illustration. Changes in the 
proofs initiated by the author will be charged to the author. 

AUTHOR RESPONSIBILITY. All accepted manuscripts are subject to copy editing. The au- 
thor is responsible for all statements in his work, including changes made by the copy editor and 
approved by the author on the proofs. 

REPRINTS. Rates are quoted when the proofs are sent. Orders must be signed by the aun 
and returned with the proofs. Type is destroyed 30 days after publication. 
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When vou talked, 
we listened. 


1723 Groson-Stadler Middle Ear Anolyzer 





Then we did something about it. 


We designed a single automated middle 
ear test system that eliminates complex 
multi-instrument calibrations. That means 
fewer operating errors and invalid tests. 


The Grason-Stadler GSI 1723 Middle 
Ear Analyzer. A complete automated 
test system that performs a full battery 
of diagnostic tests with reliable accuracy. 


* Tympanometry 

e Ipsilateral and contralateral 
accoustic reflex testing 

* Eustachian tube function testing 


In total testing capability, the 1723 has 
no equal. It combines unsurpassed func- 
tional capabilities with fast and simple 
operation. 


The 1723. State of the art in middle ear 
diagnostics. And it’s backed by Grason- 
Stadler’s reputation for quality, reliabil- 
ity and service. From the most advanced 
diagnostic systems to the simplest screen- 
ing instruments. Grason-Stadler. We 
listen . . . and we do something about it. 


For further information: 


P.O. Box 5 

537 Great Road 
Littleton, MA 01460 
(617) 486-3514 


Grason-Stadler 





The new, thin, 

flexible ENT endoscope 
with distal deflection 
from Machida... 
Nasopharyngo— 
Laryngoscope 

Model ENT-US-25 


The small diameter, flexibility and tip deflection of this scope 

allow for easy, safe and painless endoscopic examination 

anywhere in the upper airway, including the fossa of Rosenmueller 
and sphenoid sinus orifices. 


The insertion tube is only 3.9mm in diameter and is 25cm in length. 
The weight of the control unit is a mere 6 oz. Superior optics 
and a 70? field of vision offer a precise, optically-excellent image. 





Write or call for a demonstration: 


[Macio 


| MACHIDA AMERICA,INC. 
65 OAK STREET, NORWOOD. NJ 07648 
L (201) 767-7350 








Service is a top concern... 


BIBLIOGRAPHY: Silberman, H.D., Wilf, H., Tucker, J.A.: Flexible Fiberoptic Nasopharyngo- 
laryngoscope. Ann Otol Laryngol 85:640.1976. 


POPEOTO-WICK 


The preferred medication vehicle 
for otitis externa. 








The Pope Oto-Wick,™ designed by a physician for physicians, is a remarkable development 
in the treatment of otitis externa. Made of highly compressed hydrocellulose, it expands when 
moistened with aqueous solutions and serves as a vehicle for applying medication evenly 
throughout the ear canal. When glycol-based solutions are used, the Oto-Wick* should be 
expanded first with sterile water. It has become the preferred wick for these reasons: 


* Provides immediate relief from discomfort 

* Allows even distribution of medication 

* Remains moist with medication for prolonged periods of time 
* Applies even, soothing pressure to inflamed canal tissue 

* Hollow center facilitates hearing during treatment 

* Oto-Wick won't fall out as edema subsides 

e 

e. 


Easily inserted 

Available in sterile (5 to a box) or IN 

non-sterile (200 to a box) packages 3 WIS 
45 





Designed by T. Pope, M.D., e 
Durham, North Carolina, *U.S. Patent No. 4,034,759 o? 
y 
cm 
Qs 


For the name of your Xomed representative or 

nearest dealer or to place an order, call (800) of 
874-5797 (in Florida call 904-737-7900 collect); wee 
TWX 810-827-6439; or write Xomed, Inc., eS 

8641 Baypine Road, Jacksonville, Florida 32216 


-|Research Triangle Pa 
Ca 27709 





When a cold strikes 
238,857 miles from _ 
home,a decongestant 


cant afford 


to fail. 


Taken for relief of nasal congestion during five Apollo missions. 


ACTIFED® Tablets and Syrup 


INDICATIONS: Based on a review of this drug by the National 
Academy of Sciences — National Research Council and/ar 
other information, FDA has classified the indications as fol- 
lows: 

"Probably" effective: For the symptomatic treatment of sea- 
sonal and perennial allergic rhinitis and vasomotor rhinitis. 
""Lacking substantial evidence of effectiveness as a fixed 
combination": For the prophylaxis and treatment of the 
symptoms associated with the common cold. 


Final classification of the less than effective indications re- 
quires further investigation. 














CONTRAINDICATIONS: Contraindicated in newborn or 
premature infants; in nursing mothers; for the treatment of lower 
respiratory symptoms including asthma; in patients hypersensitive 
to: 1) triprolidine hydrochloride and other antihistamines of similar 
chemical structure; and/or 2) sympathomimetic amines including 
pseudoephedrine; in patients on monoamine oxidase inhibitor 
therapy (see Drug Interactions Section). 


WARNINGS: Use with considerable caution in patients with: 
increased intraocular pressure (narrow angle glaucoma), 
stenosing peptic ulcer, pyloroduodenal obstruction, symptomatic 
prostatic hypertrophy, bladder neck obstruction, hypertension, 
diabetes mellitus, ischemic heart disease, hyperthyroidism. 


Sympathornimetics may produce central nervous stimulation 
with convulsion or cardiovascular collapse with accompanying 
hypotension. 


Use in Children: As in adults, the combination of an antihistamine 
and sympathomimetic amine can elicit either mild stimulation or 
mild sedation in children. In the young child, mild stimulation is 
the response most frequently seen. In infants and children, 
especially, antihistamine in overdosage may cause hallucination, 
convulsion or death. Large doses of pseudoephedrine are known 
to cause asthenia, lightheadedness, nausea and/or vomiting. 

Use in Pregnancy: Experience with this drug is inadequate to 
determine whether there exists a potential for harm to the 
developing fetus. 

Use with CNS Depressants: Triprolidine has additive effects with 
alcohol and other CNS depressants (hypnotics, sedatives, 
tranquilizers, etc.) 

Use in Activities Requiring Mental Alertness: Patients should be 
warned about engaging in activities requiring mental alertness as 
driving a car or operating appliances, machinery, etc. 

Use in the Elderly (Approximately 60 years or older): Anti- 
histamines are more likely to cause dizziness, sedation and hypoten- 
sion in elderly patients. Overdosages of sympathomimetics in this 
age group may cause hallucinations, convulsions, CNS 
depression, and death. 

PRECAUTIONS: Use with caution in patients with: history of 
bronchial asthma, increased intraocular pressure, hyper- 
thyroidism, cardiovascular disease, hypertension. 


DRUG INTERACTIONS: MAO inhibitors prolong and intensify the 
anticholinergic (drying) effects of antihistamines and overall 
effects of sympathomimetics. Sympathomimetics may reduce.the 
antihypertension effects of methyldopa, decamylamine, reserpine, 
and veratrum alkalóids. j 


ADVERSE REACTIONS: The most frequent adverse reactions are 
underlined: ` 

1. General: Urticaria, drug rash, anaphylactic shock, photo- 
sensitivity, excessive perspiration, chills, dryness of mouth, nose 
and throat. 

2. Cardiovascular System: Hypotension, headache, palpitations, 
tachycardia, extrasystoles. 

3. Haematologic System: Hemolytic anemia, thrombocytopenia, 
agranulocytosis. 

4. Nervous System: Sedation, sleepiness, dizziness, disturbed 
coordination, fatigue, confusion, restlessness, excitation, 





nervousness, tremor, irritability, insomnia, euphoria; -paresthesias, 
blurred vision, diplopia, vertigo, tinnitus, acute labyrinthitis, 
hysteria, neuritis, convulsions, CNS depression, hallucination. 

5. G.I. System: Epigastric distress, anorexia, nausea, vomiting, 
diarrhea, constipation. 

6. G.U. System: Urinary frequency, difficult urination, urinary 
retention, early menses. 


‘7.’ Respiratory System: Thickening of bronchial secretions, 





tightness, of chest and wheezing, nasal stuffiness. 


OVERDOSAGE: Overdosage reactions may vary from central 
nervous system depression to stimulation. Stimulation is 
Particularly likely in children. Atropine-like signs and symptoms: 
dry mouth; fixed, dilated pupils; flushing; and gastrointestinal 
symptoms may also occur. 


If vomiting has not occurred spontaneously the patient should be 
induced to vomit. Precautions against aspiration must be taken, 
especially in infants and children. If vomiting:is unsuccessful 
gastric lavage is indicated within 3 hours after ingestion and even P 
later if large amounts of milk or cream were given beforehand. 
Isotonic and 1/2 isotonic saline is the lavage'solution of choice. 
Saline cathartics, as milk of magnesia, draw water by osmosis into 
the bowel and therefore, are valuable for their action in rapid 
dilution of bowel content. Stimulants should not be used. 
Vasopressors may be used to treat hypotension. 

DOSAGE AND ADMINISTRATION: Dosage should be individ- 
ualized according to the needs and the response of the patient. 


Usual Dose: 
Syrup 


ade 
teaspoonfuls (5 cc) 








Tablets 





Adults and children 
12 years and older | 1 | 2 


Children 6 to 
12 years 1/2 1 
Children 4 to 
6 years — 
LL 
Children 2 to 
4 years — 1/2 
Children 4 months l 























to 2 years 











HOW SUPPLIED: 

Actifed® Tablets — Bottles of 100 and 1000; unit dose pack of 100. 
Actifed" Syrup — Bottles of 1 pint and 1 gallon. 

Unit of Use: 

Tablets — Bottles of 30 and 100 with child-resistant cap. 

Syrup — 4 oz bottle with child-resistant cap. 

Reference: 1. Johnston RS, Dietlein LF, Berry CA (eds): 
Biomedical Results of Apollo. Washington, DC, National 
Aeronautics and Space Administration, 1975, p 63. 


Each scored tablet contains ACTIDIL* (triprolidine HCl) 2.5-mg, ` 


SUDAFED" (pseudoephedrine HCI) 60 mg. Each 5 cc teaspoonful 
of syrup contains ACTIDIL® 1.25 mg and SUDAFED® 30 mg. "^ 


Tablets/Syrup | 


You can count on it. — 





Each Spansule* capsule contains 8 mg. Teldrin" 


chlorpheniramine maleate); 50 mg. phen 
d isopropamide iodide equivalent 
isopro| 





á ANEN 


* (brand.-of-- 


Dropaipetamine;. HCl 





Before prescribing, see complete pre- 
scribing information in SK&F literature 


or PDR. The following is a brief summary. 


Indications ~ 

Based on a review of this drug by the 
National Academy of Sciences— 
National Research Council and/or 
other information, FDA has classified 
the indications as follows: 

Possibly effective: For relief of upper 
respiratory tract congestion and 
hypersecretion associated with 
vasomotor rhinitis and allergic 


rhinitis, and for prolonged relief. 


Lacking in substantial evidence of 
effectiveness: For relief of nasal 
congestion and hypersecretion 
associated with the common cold 
and sinusitis. 

Final classification of the less-than- 
effective indications requires further 
investigation. , 





Contraindications: Hypersensitivity to 


. any component; concurrent MAO — ~ 


inhibitor therapy; severe hypertension; 





ptic, ulcer; Pyloro- 


i coronary. artery PA 
ing 






duodenal or bladder neck obstruction. 
Children under 6. 


Warnings: Caution patients about activi- 
ties requiring alertness (e-g., operating 
vehicles or machinery). Warn patients of 
possible additive effects with alcohol anc 
other CNS depressants. 


Usage in Pregnancy: In pregnancy, nurs- 
ing mothers and women who might bear 
children, weigh potential benefits agains! 
hazards. Inhibition of lactation may occur 


Effect on PBI Determination and |?! 
Uptake: Isopropamide iodide may alter 
PBI test results and will suppress 1191 
uptake. Substitute thyroid tests unaf- 
fected by exogenous iodides. 2 
Precautions: Use cautiously in persons 
with cardiovascular disease, glaucoma, 
prostatic hypertrophy, hyperthyroidism. 


Adverse Reactions: Drowsiness, exces- 
sive dryness of nose, throat or mouth; 
nervousness; or insomnia. Also, nausea, 
vomiting, epigastric distress, diarrhea, 
rash, dizziness, weakness, chest tight-. 
ness, angina pain, abdominal pain, aa 
irritability, palpitation, headache, inco- — 
ordination, tremor, dysuria, difficulty in 
urination, thrombocytopenia, leukopenia, 
convulsions, hypertension, hypotension, 
anorexia, constipation, visual distur- » 
bances, iodine toxicity (acne, parotitis). 


Supplied: Bottles of 50 and 500 capsules; 


in Single Unit Packages of 100 (intended 


for institutional use only). 


Smith Kline &French Laboratories 


Philadelphia, Pa. 
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INFLUENCE OF AGE ON RESULTS OF VESTIBULAR FUNCTION TESTS 
REVIEW OF LITERATURE AND PRESENTATION OF i5. *. 


CALORIC TEST RESULTS eT: US 


G. Murca, MD 
W. PETERMANN 


BERLIN, GERMANY 


INFLUENCE OF AGE ON RESULTS OF VESTIBULAR FUNCTION TESTS |^ 


REVIEW OF LITERATURE AND PRESENTATION OF CALORIC TEST RESULTS 


G. Murca, MD . - As P 
W.PETERMANN ^ ^ 


BERLIN, GERMANY KT Gs E: 


Following a bibliographic review of currently known, age-depéndent morphological and 
functional changes of the vestibular and auditory system, results are-presented of our investi-. 
gations concerning the influence of age on the outcome of the caloric test-on: 102; healthy. sub- 
jects from six age groups ranging between the ages of.ll'and 70 years. They prove, without. 
any doubt, that the absolute values of nystagmic parameters in the caloric test are dépendent: 
upon age; but hot in such a way that the intensity of reaction decreases with advancing age.: 
On the contrary,'they indicate that in awake, healthy subjects of middle and late middle-age,“ ‘aa 
the most! intensive reactions occur (maximum slow phase velocity, maximum amplitude, maxi.. 
mum. frequency, total number of beats). In addition, based on the ‘statistical. ms, jt seems’ 
probable that the extent of the side difference: of excitability: depénds upon. agé:- Individuals . 
in their middle years show side differences to a considerably lesser degree than children and : 
elderly subjects. These represent findings which, to our knowledge, are reported. here for-the .' 
first time. Provided our results gain further substantiation, standard values for a true. quanti- 
tative evaluation of the caloric test could only be determined as'in the audiometric functional 
tests on the basis of larger test series of healthy subjects belonging to different age groups. 









While an age-dependent loss of sen- 
sory and nervous elements is generally 
known within the auditory system, an 
analogous degeneration of vestibular cell 
elements has been denied over a con- 
siderable period of time. This was gen- 
erally explained by a minor sensitivity of 
the vestibular system as the phyloge- 
netically older structure. For the first 
time, in the studies of Rosenhall; as 
well as those of Bergstrém,? from the 
year 1973, it was proven that there 
exists a pronounced age-dependent de- 
generation with a considerable reduction 
of sensory cells, as well as that of nerve 
fibers, in the peripheral vestibular sys- 
tem. On the other hand, several authors 
investigating the influence of age on the 
results of vestibular function tests re- 
ported quite different and, sometimes, 
even conflicting results. It was the aim 
of our investigations to clarify the ques- 
tion as to the way in which age. influ- 


ences the results of the caloric test (this 


test being the most important vestibu- 
lar function test for the clinician) and 
whether those influences have practical 
significance. 

LITERATURE REVIEW 
KNOWN INFLUENCES OF AGE ON THE 
FUNCTION OF SENSORY ORGANS 


An increasing loss of the sense of 


smell in humans..associated’ with the 
aging process can be.safely assumed.*- 
In accordance with this, there is a dis- 
tinct decrease of nerve fibers in the 
olfactory bulb of elderly persons. An 
age-dependent rise of taste sensation 
threshold seems also to have been as- 
certained.5* The number of taste buds 
is larger in infants and decreases with in- 
creasing age.'®:!® The decrease of visual 
power based on the loss of flexibility of 
the lenses is also common with advanc- 
ing age. The functional loss of hearing 
in humans, concurrent with age, has 
been most extensively investigated and 
is generally well-known.?°*? 


AGE-DEPENDENT HISTOLOGICAL CHANGES 
OF THE INNER EAR AND THE EIGHTH 
CRANIAL NERVE 


The Cochlea and the Cochlear Nerve. 
Earlier investigations describe a deple- 
tion of ganglion cells in the spiral gan- 
glion as the most conspicuous, age-con- 
nected phenomenon.?^?:-9 More recent 
studies, carried out with the new micro- 
dissecting method and surface prepa- 
ration,*^^' added the advanced age de- 
generation of hair cells of Corti's organ. 
Thereby, according to Bredberg,” the 
degeneration of inner hair cells restricts 
itself to the basal turn of the cochlea 
while the. degeneration of external hair 


From the Ear Nose and Throat Department of the Klinikum Steglitz, Freie Universitit 


Berlin, Berlin, Germany. 


(2 , MULCH-PETERMANN 


cells occurs everywhere, although par- 
ticularly in the basal and apical cochlear 
ends. Johnsson and Hawkins? described 
the degeneration of hair cells as already 
occurring in newborns. At the ages of 
11-20, nerve degeneration as a cOnse- 
quence of hair cell damage became 
clearly manifest in. the outermost -por- 
tion of the basal turn. 


In addition; a: corresponding reduc- 
tion of-the:nerve substance in cochlear 
nuclei and in other sections of the audi- 


"v tofy pathway may represent an essential 


substrate of the hearing impairment in 
advanced age: Aside from this, a pro- 
nounced: loss.of nerve cells in the cere- 


o pral “cortex appears with progressing 
"age: Brody” observed an almost linear 


` .regression; between the number of nerve 


cells: and. the age.of the patient. For 
instance; a 95-year-old man had only 
35% of the number of nerve cells in the 
gyrus precentralis that had been count- 


ed in the same-region of the cerebral 


v 


"cortex of a newborn. 


Krmpotic and .Nemanic? see the 
cause of depleted’ nerve fibers in old 
age in the decrease of the number of 
openings for the fibers of a cochlear 
nerve in that portion of the spiral tract 
at the bottom of the inner auditory canal 
corresponding to the basal turn and, too, 
in correlated changes of haversian ca- 
nals for the branches of the vestibular 
nerve. In this instance, however, we are 
probably dealing with the consequence 
and not with the cause of the degenera- 
tion of nerve fibers.*° 


Age-Dependent Histological Changes 
in the Peripheral Vestibular System. 
Contrary to the histological age-depen- 
dent changes of the cochlea and coch- 
lear nerve, earlier investigators,?^ ^*^?" 
with the exception of Schuknecht et al^ 
who described a cochleo-saccular de- 
generation, were not able to find histo- 
logically age-dependent changes in the 
vestibular portion of the labyrinth,?*! 
the vestibular ganglion Scarpa?^?*:*? and 
the vestibular nerve, .respectively.** 
They explained this by a minor sensi- 
tivity of the phylogenetic older vestibu- 
lar apparatus to age influences. 


On the other hand, a degeneration of 
the macula of the sacculus, as well as 
a comparable, although weaker, degen- 
eration of the macula of the utriculus, 


namely that of the sensory cells, nerve 
fibers and otoconia, corresponding with 
cochlear degeneration, was found re- 
cently with the method of microdissec- 
tion and surface preparation by Johns- 
son?^* and by Johnsson and Hawkins. 
The latter findings are substantiated by 
the results of Ross et al.» Rosenhall* and 
Rosenhall and Rubin?* verified the 
above mentioned findings, applying the 
same methods, and in addition, de- 
scribed an age-dependent reduction of 
the hair cells of the cristae. ampullares 
already occurring in middle-aged indi- 
viduals. In individuals aged beyond 70 
years, 407 fewer hair cells were. found 
when compared to a control group con- 
sisting of children and young adults. In 
addition, Rosenhall observed epitheli- 
al cysts only in the sensory epithelium 
of the vertical cristae and, exclusively, 
in advanced old age, which he took as 
a sign of degenerative changes. 


Engström et al^?" described pro- 
nounced age-dependent changes using 
the electronmicroscope, as occurring in 
the vestibular sensory cells, primarily in 
the supporting cells of Rhesus monkeys, 
in particular lamellar-like structures, 
mainly occurring in the sensory cells of 
Type I, as well as vesicle. formations, 
especially occurring in the supporting 
cells. Bergstróm?*^?* was able to prove 
a significant reduction in the amount 
and strength of caliber of the vestibular 
nerve fibers in old people when com- 
paring it with a control group of young 
people. 


Age-Dependent Histological Changes 
in the Vascular System of the Inner Ear 
and Internal Auditory Canal. Jorgen- 
sen”? reported an increasing thickening 
of the capillary walls with advancing 
age. There existed a correlation between 
the extent of these capillary changes and 
the degree of the general arterioscle- 
rosis, especially of the basal cerebral 
arteries. However, there was no closer 
correlation between the extent of 
changes occurring in the vessels of the 
stria vascularis and the extent of atrophy 
occurring in the organ of Corti. 


Fisch et al? observed a progressive 
degeneration of the adventitia of inter- 
nal auditory canal arteries as the most 
prominent change, whereby the smallest 
vessels were the first affected. Further- 
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more, only the vasa nervorum experi- 
enced a reduction of the vascular lumen. 


Johnsson and Hawkins‘? reported a 
pronounced loss of capillaries, as well as 
of arterioles, in the spiral ligament and 
also a thickening of the walls of the 
arterioles, mainly in the lower half of 
the basal turn, in patients with presby- 
cusis. They suspect that the hair cell and 
ganglion cell degeneration in cases of 
presbycusis is partially based on vascu- 
lar changes. 


RESULTS OF HITHERTO EXISTING 
INVESTIGATIONS ABOUT THE INFLUENCE 
OF AGE ON CLINICALLY APPLIED 
VESTIBULAR FUNCTION TESTS 


Caloric Test. While studying the liter- 
ature, on first sight there appears to be 
a confusing picture of contradictory re- 
ports. While some authors**-*? describe 
a minor excitability of the vestibular 
system during advanced age, Schóder* 
discovered a relative hyperexcitability. 
A "normal" degree of excitability in ad- 
vanced age was found by Forgacs.*? 
Láümmli, as well as Gramowski and 
Unger," found a different behavior of 
the various nystagmus parameters. Aside 
from these, some other investigators re- 
ported most intensive nystagmus re- 
actions in middle and advanced age.*'-55 


VESTIBULAR HYPOEXCITABILITY DURING 
ADVANCED AGE. Arslan** reported the re- 
sults of his investigations of 50 healthy 
subjects between the ages of 49 and 84. 
He determined the nystagmus duration 
and the total number of beats by ENG 
and based his evaluation on absolute 
normal values of nystagmic parameters, 
whereby values exceeding simple stan- 
dard deviations were rated as patholog- 
ic. Using these criteria, he arrived at 
the conclusion that a hypoexcitability 
existed in 30 subjects, a hyperexcitability 
in 6, and normal values in 14 subjects. 


Chladek*® reported a decreased re- 
action in 51 healthy subjects, 60-71 years 
of age, while performing nystagmus ob- 
servations with Bartels glasses. He ap- 
parently compared his values with those 
of Zelenka and Slanimova,** of the same 
institute, from young healthy subjects. 


Reichold'* reconciled the results of 20 
healthy subjects, 20-35 years of age, 
with those of healthy subjects 50-85 


years of age who had symmetrical pres- 
bycusis. Total intensity of caloric reac- 
tion, measured by the nystagmus dura- 
tion, maximum velocity .of the slow 
phase, maximum amplitude and maxi- 
mum frequency, appeared to be sig- 
nificantly decreased in aged subjects. 


VESTIBULAR HYPEREXCITABILITY DURING 
ADVANCED AGE. Schüder'* describes ves- 
tibular tests of 200 healthy subjects be- 
tween the ages of 10 and'80 years, di- 


vided into five age. groups. Sübjects. ^^ 
older than 60 years had a significantly. 


stronger nystagmic reaction than-middle 
aged subjects (parameters: : duration, 
total number 
tude). 


of beats and total ampli- 


NORMAL VESTIBULAR REACTION: DURING. ` 


ADVANCED AGE. Forgacs'*-found in all of 


80 individuals more than 50 years old, a ` 


normal vestibular reaction to caloric and 


rotatory stimuli, but he does not eluci- ~. 


date on the criteria of his evaluation. 


AGE-DEPENDENT. BEHAVIOR VARIATIONS 
OF VARIOUS NYSTAGMUS’ PARAMETERS. 
Lümmli** compared ENG results of sub- 
jects (average age 30 years) with nor- 
mal hearing to those (average age 70 
years) with symmetrical presbycusis. 
The total duration of caloric reaction 
was prolonged in the aged, the maxi- 
mum velocity of the slow phase, how- 
ever, was markedly decreased. The calo- 
ric reaction with opened eyes in darkness 
of 10 young (mean — 19 years) and of 
10 old healthy subjects (mean — 65 
years) was examined by Gramowski and 
Unger" In old subjects, they deter- 
mined a higher amount of total number 
of nystagmic beats and of total ampli- 
tude, especially when rinsing the ears 
with warm water, but did not register 
a significantly varying nystagmus dura- 
tion. 


HIGHLY INTENSIVE VESTIBULAR REAC- 
TION IN MIDDLE AGED AND LATE MIDDLE 
AGED SUBJECTS. Kotyza?? performed the 
Kobrak calorie.test in 177 healthy sub- 
jects divided into 10 age groups be- 
tween ll and 63 years of age. The 
highest values of total number of beats 
and nystagmus duration were received 
from 46-50 year olds. 


Zelenka and Slanimova®® arrived at 
similar results. They examined subjects 
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belonging to 11 àge groups of 5-10, up 
to 55-60 years of age at 5-year intervals, 
then 61-70 and-71 to. 80-year-olds, al- 
together 396. healthy individuals. They 
determined the latency period and nys- 
tagmus duration. During the caloric test 
they observed the highest values for the 
: nystagmus duration in subjects aged be- 
tween 26 and 45 years. 


Bruner and Norris?! correlated latency 
period, nystagmus duration, as well as 
maximum frequency, maximum velocity 
of the slow and rapid phase, and maxi- 
mum amplitude in 293 patients between 
the ages of 20 and 88 years who suf- 
. fered from dizziness. They observed in- 
‘creasing intensity of reaction up to the 

seventh decade of life, afterwards the 
intensity of reaction decreases, mainly 
that of maximum frequency and maxi- 
mum velocity of the slow phase. Warm 
irrigations demonstrated the age-depen- 
dent changes better than cold irrigations. 


Jongkees®? as well as Van der Laan 
and Oosterveld?* described caloric tests 
by closed eyes of 334 healthy subjects 
from seven age groups between 11 and 
70 and more than 70 years old. They 
noticed an increased intensity of reaction 
at the parameter maximum velocity of 
the slow phase (the only parameter de- 
termined during the caloric test) up to 
the age group of 31 to 40-year-olds, and 
beyond that age a progressing decrease 
of reaction intensity. They saw a greater 
age-dependency by cold irrigation than 
by warm irrigation. 


Krejéowa et al** reported the results of 
a modified *butterfly-vestibulometry" in 
30 children (mean — 10 years) and 30 
adults (mean — 28 years). They ob- 
served a significantly higher maximum 
frequency in the children, however no 
differences in regard to nystagmus dura- 
tion and latency period. 


Rotatory Test. Reports of the influ- 
ence of age on the intensity of nystagmic 
reaction, on first sight, are contradictory 
to such an extent that they seem to be 
almost unresolvable. : 


PER- AND POSTROTATORY. Nicolai’ and 
Rossberg?? examined the first postrota- 
tory nystagmus response of each group 
of 20 healthy subjects between 20-40, 
41-60 and of 61-80 years of age. Total 
amplitude and total number of beats 
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were significantly lower in the oldest 
age group than in the youngest age 


group. There was no clear-cut age de- 


pendency where the nystagmus duration 
was concerned. Kornhuber,? too, de- 
scribed an exponential decrease of the 
corrected mean single amplitude of the 
first postrotatory response of 177 healthy 
subjects with advancing age. 


Minnigerode et al? reported the re- 
sults of per- and postrotatory examina- 
tions of 89 healthy subjects from five 
age groups between 0 and 70 years. 
The total amplitude experienced the 
strongest age-dependent decrease. The 
results of total number of beats and nys- 
tagmus duration were not uniform and 
indicated complex correlations. Schó- 
der“ as well, wrote about markedly 
weaker reactions of postrotatory nystag- 
mus in older healthy individuals in com- 
parison to results from young subjects. 
( Parameters: duration, number of beats 
and total amplitude). 


On the other hand, Van der Laan and 
Oosterveld® observed a steep frequency 
incline in the 1-10 years age group up 
to the 11-20 years age group. Later they 
observed almost equally high values, 
and again a decrease in the age group 
over 80 years old. Concerning the ampli- 
tude, there were higher values for chil- 
dren; for the age group beyond infancy, 
they calculated a decrease up to the 51- 
60-year-olds, and again, an increase of 
intensity of nystagmus reaction in over 
60-year-olds. 


Zelenka and Slanimova?? determined 
the highest values for the nystagmus 
duration in rotatory tests of healthy sub- 
jects, divided in 11 age groups, for the 
individuals of about 40 years of age. 


Camarda"' described weaker vegeta- 
tive reactions of elderly people, in com- 
parison to younger individuals, to Cori- 
olis acceleration. 


TORSION SWING TEST. Van de Cal- 
seyde*? performed the torsion swing test 
in 150 healthy subjects of 4 age groups 
between 5-10, 10-25, 25-50 and over 50 
years of age. His results showed an in- 
creased nystagmus frequency, as well as 
decreased amplitude, in advancing age. 


ROTATORY STIMULUS THRESHOLD TESTS. 
Haas? described the results from 104 
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TABLE 1. MINIMUM, MEAN AND 
MAXIMUM AGE IN THE SIX AG 








GROUPS 
Max- 
Age Minimum Mean imum 
Group (Yr) Age Age Age 
11-20 12 15 20 
21-30 21 24 29 
31-40 31 34 40 
41-50 41 45 49 
51-60 51 54 60 
61-70 61 65 70 


healthy subjects between 15 and 80 
years of age. He interpreted his results 
in such a way, that with increasing age 
there occurs an incline of the rotatory 
stimulus threshold. Van de Calseyde et 
al®* report a threshold incline occurring 
during the torsion swing test with ad- 
vancing age. The age groups were iden- 
tical to those mentioned in the preceding 
paragraph. 


Virolainen and Aantaa,? however, 
were not able to find statistically sig- 
nificant differences of the rotatory stim- 
ulus threshold in 20 women (mean — 
20 years) as compared to 20 women 
(mean — 42 years). 


Results from Newborns and. Children. 
Per- and postrotatory vestibular nys- 
stagmus occurs in healthy awake new- 
borns in the 33rd week of life^* in- 
dependent of birth weight and regard- 
less of how many weeks before the 
normal date of delivery birth took place. 
By lowered vigilance level, pronounced 
hyperbilirubinemia, after narcosis given 
to the mother during delivery, hypox- 
emia during birth, birth trauma, and 
prior to the 33rd week of life, frequently 
only tonic eye movement is present, rep- 
resenting the slow nystagmic phase. 
Thus, it is possible that the results of 
Groen"' might be understood who ob- 
served under Frenzel glasses a nystag- 
mus only nine days after birth in a 
human baby. The findings of Mitchell? 
who determined that the majority of 45 
newborns showed a nystagmic reaction 
only at the age of six weeks to caloric 
and rotatory stimuli and that this reac- 
tion was present only at the age of 16 
weeks in nearly all of the newborns, are 
possibly based on the fact that the vigi- 
lance level had not been sufficiently 
considered, 





side difference | CUBES 
AR 30° + R 447) — £L 30° + L 44°) 
R 30?. + L 30?---:R-44^ + L 44° 
100% = >. % 
diréctional preponderance ` 
(R 30° + L 44°) — (L 30°. + R 44°) | 
R 30° + L 30° + R 44° + L 44° - 
100% = % 
Fig..1. Formula for the determination 
of side difference of excitability and di- 
rectional preponderance in percent of to- 


tal reaction, according to Jongkees et al,” 
modified as per Henriksson et al.” 





Perrotatory nystagmus duration in 
children between the ages of 3 and 12 
years of age, compared to those of 
adults is only half as long, the number 
of beats only a quarter of those of adults; 
however, the amplitude in -children. is 
larger than that of adults?" The velocity ` 
of the slow and of the rapid phase de- 
clines most significantly with increasing. 
age and so does the amplitüde; while 
duration and frequency .increase.'^7? 
The rotatory acceleration: threshold of 
the nystagmus at first decreases in chil- 
dren between six weeks and 12 years of 
age at a faster rate up-to the fifth year 
of life, then slows down to reach approx- 
imately the adult value at the age of 
12,73 


Not only by per- and postrotatory 
nystagmus, but also by caloric nystag- 
mus, children between the ages of 8 and 
14 show a lesser nystagmic reaction and 
a longer latency when compared to 
adults.” 


Vestibulo-Spinal Tests. With vestibu- 
lo-spinal tests, the results become worse 
with advancing age, and most signifi- 
cantly beyond the age of 40. The nega- 
tive influences of age on the mainte- 
nance of the equilibrium are beginning 
years earlier than hitherto presumed. Al- 
ready at the age of 31 to 40 years, there 
exists a statistically significant (1% 
level) deterioration of results compared 
to individuals at the age of 16 to 31 
years of age. This conclusion was 
reached by Graybiel and Fregly,”* as 
well as by Fregly and. Graybiel'* and 
Fregly et al’? examining 1055 healthy 
subjects with an ataxia test battery who 
were between the ages of 16.and 60, 
divided into five age groups. e 
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Fig. 2. Absolute values determined for the total number of beats and the maximum 
frequency/10 sec of all 102 healthy subjects, demonstrated separately for the warm (A, 
B) and cold irrigations (C, D). The strongly drawn line connects the median values, the 
two thinly drawn lines indicate the interquantile areas in which about 80% of the values 
are contained. The irrigation results of the right and left ear are jointly shown, thus re- 
sulting in 34 values of 17 subjects from each age group. 


METHODS AND MATERIALS 


One hundred and two healthy subjects be- 
tween the age of 11 and 70 years, divided into 
six age groups of 17 individuals each, received 
vestibular caloric tests. Each age group con- 
sisted of eight men and nine women, or nine 
men and eight women. A total of 51 men and 
the same number of women was examined. 
Table 1 indicates the median, minimum and 
maximum values for the respective age of 
healthy subjects in the different groups. An- 
amnestically, there was no sign of a cochleo- 
vestibular. disease in any of the subjects: the 
ENT findings showed no appreciable disease, 
and the pure tone audiogram was subject to 
age. The individuals had no serious general 
disease. 


Procedure. Irrigation was performed with 50 
ml water of 30 and 44 C for 30 seconds. Via 
ENG registration with opened eyes in dark- 
ness ( Mingograf, time constant of amplifier 5 
seconds, paper cutting speed 10 mm/sec) and, 
additionally, by controlled mental arithmetics, 
it was attempted to keep the degree of wake- 
fulness, being an essential factor for the 
strength of nystagmic reaction, at a constant 
level for the entire duration of the examina- 
tion. Generally, the calibration had been chos- 
en in a way that an ocular movement of 10 
angular degrees corresponded with a curve 
deflection of 15 mm. In order to exclude day- 
time influences, the tests were done at the 
same time of day, namely in the afternoon. 


Evaluation. The absolute values were cal- 


INFLUENCE OF AGE ON VESTIBULAR TESTS i 7 











TABLE 2. VALUES OF VARIOUS PARAMETERS IN THE SIX AGE GROUPS DIVIDED ` 
ACCORDING TO WARM AND COLD IRRIGATIONS. : 
44°: SOR gop. . : 
Min- i Max- Min- M Max- 
Age imum Mediar ^ imum ;imum Median imum 
Group Value Value Value Value Value Value 
Total number 11-20 26 113 290 32 163 311 
of beats 21-30 8 132.5 341 42 176.5 389 
31-40 33 162.5 387 96 214 370 
41-50 40 "3: 1725 405 28 181.5: .. 430 
51-60 64 ^. 177.5 391 50 188.5 437 
61-70 0.5 xf: 153,5 342 59 184 341 
Maximum frequen- 11-20 5 14.5 97 5 19.5 33 
cy/10 sec 21-30 5 14.5 27 6 19 34 
31-40 8 17.5 42 ll 22.5 39 
41-50 6 19 40 5 21.5 42 
51-60 z 20 39 8 23 46 
61-70 0 18.5 36 9 21 34 
Maximum slow 11-20 4.6 11.2 60.8 4.1 20.6 64:1. 
phase veloci- 21-30 2.6 9.4 23.3 4.7 17.5 506 . 
ty/10 sec 31-40 3.2 13.1 52.5 6.2 28 57.6.” 
41-50 4.4 16.9 71 2.4 19.5 .. 641 
51-60 2 14.3 BIA 1.9 18. 5$ 31.9 
61-70 0 15.8 53.3 4.5 186 61.7 
Maximum ampli- 11-20 18.9 91.4 441.1 17.2 159.8 470.2 
tude/10 sec 21-30 12.6 72.4 164 32,T 138.9 356.6 
31-40 16.2 100.7 368.7 32.3 220.9 435.8 
41-50 21.4 133 419.6 18 144.8 576.6 
51-60 19 112 356.3 14.2 140.9 234.3 
61-70 0 87.3 368.6 19.3 138.3 431.5 


culated for the total number of beats, as well 
as for the maximum velocity of the slow phase, 
the maximum frequency and the maximum 
amplitude per 10 seconds. each. Furthermore, 
we determined the extent of side difference 
and directional preponderance as a percentage 
of total reaction, according to a formula that 
was, to our knowledge, initially drawn up by 
Jongkees et al. The formula had been slight- 
ly modified, according to a proposal by Hen- 
riksson et al” (Fig. 1). The results were 
checked via the Wilcoxon-test for two random 
samples as to significant differences between 
the age groups. 


RESULTS 


Figure 2 demonstrates absolute values 
determined for the parameters total 
number of beats and maximum fre- 
quency/10 sec of all of the 102 healthy 
subjects. Figure 2A, B shows the results 
of warm irrigations. Figure 2C, D shows 
the results of cold irrigations. The 
strongly drawn line connects the median 
values, the two thin lines indicate the 
interquantile area in which lie the values 
of approximately 80% of healthy sub- 
jects. There results an impressive age- 
dependency of absolute values, i.e., that 


of the total number of beats and maxi- 
mum frequency/10 sec. By warm irriga- 
tions, the median value for the total 
number of beats of 51-60 vear olds lies 
57% above that of the youngest age 
group. While the median value of maxi- 
mum frequency/10 sec for the warm 
irrigations for age groups up to 30 years 
amounts to 14.5 nystagmic beats, an 
almost 402 higher value was determined 
in the 51-60 years old group by 20 
beats/10 sec. The oldest healthy sub- 
jects examined, again had a weaker re- 
action. 


The values for maximum velocity of 
the slow phase/10 sec and maximum 
amplitude/10 sec, too, indicate a marked 
age-dependency (Fig. 3A-D). The me- 
dian value of maximum velocity of the 
slow phase/10 sec of cold irrigations 
(Fig. 3C) is 60% greater in the 31-40- 
year-olds than the corresponding value 
of 21-30-year-olds. By warm irrigations, 
the highest median value for the maxi- 
mum velocity of the slow phase was 
reached with 16.9/sec in the 41-50 years 
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Fig. 3. Calculated absolute values for the maximum velocity of* the ay y phate and 


the maximum amplitude/10 sec each for all 102 healthy subjects shown divi 


(A and B) and cold irrigations (C and D). 


age group which is 80% higher than that 
of the 21-30 years group. With maxi- 
mum amplitude/10 sec of warm irriga- 
tions (Fig. 3B), the highest value for 
the 41-50 years age group was also de- 
termined. It is 84% higher than that of 
2] to 30-year-olds. The authenticity of 
the peaks could be statistically verified 
via the Wilcoxon test for two. random 
samples when compared with the values 
received froin neighboring groups. 


Table 2 shows the median, maximum 
and minimum values of the various pa- 
rameters of individual age groups, di- 


by warm 
Additional remarks, see Fig. 2. 


M Mes 
vided according to warm and cold irri- 
gations. 


The demodulation of the side differ- 


-ence of excitability as a percentage of 


total reaction of the various age groups 
presented as surprise findings. Figure 
4A-D demonstrates the values for the 
calculated parameters omitting the sign 
(+ or —) showing the side of stronger 
reaction alone. It appears as if the extent 
of the side difference, as well, depends 
upon age. This becomes even more 
visible in the 80% interquantile area 
(thinly drawn lines) than in median 
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Fig. 4. A-D) Side difference of excitability in percent of total reaction for four 


determined parameters, demonstrated omitting the sign, showin 


the side of stronger 


reaction alone. The strongly drawn line connects the median values, the thin line the 
interquantile area. containing about 80£ of the values. 


values (strong lines). Thereby.were the 
highest median values (parameters: 
maximum velocity of slow phase, maxi- 
mum amplitude) of side difference not 
evaluated from the elderly but from the 
youngest individuals. For the parameter 
maximum velocity of the slow phase, the 
differences between the 11 to 20-year- 
olds and their corresponding neighbor 
groups (with the exception of the 21 to 
30-year-olds ) are significant via the Wil- 
coxon test at the 5% level. For the side 
difference, measured on the parameters 
maximum frequency and total number 
of beats, there appeared the smallest 
differences in middle-aged, healthy sub- 


jects. When comparing the side differ- 
ence of the parameters total number of 
beats, the values differed significantly 
between those of 11 to 20-year-olds and 
the ones of 31 to 40-year-olds and so 
did the values of the latter age group 
mentioned from those of the 61 to 70- 
year-olds at the 1% level. The. values 
measured for an additional four pairs of 
age groups showed significant differ- 
ences at the 2-5% level. No significant 
differences were evaluated. for the pa- 
rameter of maximum amplitude. 


Figure 5A-D demonstrates corres- 
ponding values for the directional pre- 
ponderance, whereby the sign’ (+ or 
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Fig. 5. A-D) Directional preponderance in percent of«the total. reaction for the four 
measured parameters, demonstrated omitting’ the sign, showing the direction in which 
the reactions were of higher intensity alone. +)  * i 


— ), showing the direction in which the 
reactions were of higher intensity alone, 
had been omitted as in the demonstra- 
tion of the side difference. As regards 
the directional preponderance, the 
curves of median values and those of the 
80% interquantile area of the parameters 
total- number of beats and maximum 
frequency are similar to those of the side 
difference. Here, too, for the 80% inter- 
quantile area at least, the lowest values 
for the directional preponderance as a 
2 percentage were found in the middle- 
aged groups. For the directional pre- 
ponderance, measured by the parame- 
ters ;of. maximum velocity of the slow 


à 


phase and maximum amplitude, a 
marked age-dependency becomes hard- 
ly apparent from graphic material. For 
the parameter of maximum frequency, 
a significant difference at the 1% level 
could only be statistically seen for the 
vàlues of the 21 to 30-year-olds when 
compared to those'of. the 51 to 60-years- 
old group. For-the ‘parameters of total 
number of beats, maximum velocity of 
the slow phase and maximum amplitude, 
no statistically significant differences 
could be determined. 


DISCUSSION 


Our results partially substantiate the 
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results of earlier investigators leaving no 
doubt that the absolute values of nys- 
tagmic parameters are dependent upon 
age during the caloric test, but not in 
such a way that the strength of reaction 
decreases with progressing age. Rather 
they demonstrate that in healthy middle- 
aged individuals and late middle-aged 
subjects of these age groups studied, 
there occur the most intensive reactions. 
Additionally, since the degree of alert- 
ness exerts a considerable influence on 
the strength of nystagmic reaction, there 
arises a certain doubt concerning abso- 
lute standard values of nystagmic param- 
eters that were determined without con- 
sideration of age as, for example, pro- 
posed by Claussen.*° 


Our results, as they are presented in 
this study, tend to be in close agreement 
with the findings of authors who ex- 
amined subjects of numerous age 
groups, as we have done.555 Thus, 
Zelenka and Slanimova? determined 
the highest values for the duration of 
reaction in the age groups between 26 
and 45 years. Van der Laan and Ooster- 
veld** observed the highest values for 
the maximum velocity of the slow phase, 
precisely coinciding with our findings 
where cold irrigations, were applied, in 
the 31-40 age group. Only Bruner and 
Norris? calculated the highest values 


for the maximum velocity of the slow. 


phase, as well as for nystagmieiifre- 
quencv. as occurring in the seventh dec- 
ade of life. On the other hand, Bruner 
and Norris** were dealing with patients 
suffering from dizziness, so-that the re- 


sults are not directlyséomparable. The ,, 
maximum frequency in our healthyssub- . 


jects, though, occurred in thé*sixth dee- 
ade of life, and thus were not very dif- 
ferent from those results mentioned 
above. It can hardly be expected that 
the results of those three studies cited 
should be in complete agreement with 
ours. Bruner and Norris? conducted 
their examinations by closed’ eyes, while 
maintaining an equally high level of 
vigilance by posing arithmetic questions. 
Van der Laan and Oosterveld?* exam- 
ined by closed eyes; whether they asked 
arithmetic questions is not known. We 
tested by opened eyes in darkness and 
had arithmetic questions solved. Fur- 
thermore, somewhat different results are 


1l 


to be expected as a consequence of dif-:-- 
ferent test regulations, ==." 


That Arslan‘ arrived at.different re- 
sults is mainly based on the.fáct.that he 
included 49 and 83-year-old healthy.sub- 
jects in one and the same age group, 
as Bruner and Norris?' were able’ to. re- 
construct. His values for the total number 
of beats of healthy subjects 50-60 years 
of age were markedly higher than those 
of 70-year-olds and of 20-year-olds from 
his earlier publications. | 


The results of Chladek;?? Gramowski 
and Unger," Làmmli,? and Reichold'** 
are not at all in contradiction to our 
findings. They are understandable by 
the fact that only two age groups had 
been selected. We cannot comment on ©, 
the results of Krejcova. et al,°° since the, * 
mean age of our 17 healthy subjects bë- 
longing to the youngest group was 15 
years (Table 1) and this mean age .is - 
markedly higher than that of the young- 
est group examined by Krejcova, (mean 
= 10 years). RTA 





To our. knowledge, only the behavior 
of nystagmic duration and latency is 
known from the caloric test on children 
under the age of. 10.5***, Accordingly, 
the nystagmic duration increases be- 

tween the 8th and 14th year of life 
while the latency decreases. Since the 
results of caloric tests are in accord with 
the numerous reports concerning the 
rotatory nystagmus in children,5®6979»72. 
“it seems possible that the behavior of 
the remaining parameters are in accor- 
dance in rotatory. and caloric tests during 
infancy, namely the decrease of velocity 
of the slow phase and that of amplitude. 
.Under these conditions, there exist two 
: peaks for the maximum velocity of the 
slow phase and the maximum ampli- 
tude* one occurs in small children, the 
other in middle age. For the maximum 
fréquency, the total number of beats and 
the nystagmus duration, there exists on- 
ly one peak during middle or late 
middle age, respectively. How is this to 
be understood? As Pendleton and Rich- 
mond“? outline, the vestibular per- and 
postrotatory nystagmus is present in 
healthy, alert newborns in the 33rd week 
of life. The velocity of the slow nystag- 


mic phase, as well as the nystagmic :. 


amplitude, consequently decrease .-ini- 
tially with increasing age, while the 
frequency rises.*? "a 


t 


n » According to. Conraux and Collard,’ 
the: “maturation: process” in the ENG 
takes place parallel to the maturation of 





E the EEG and thus takes part in the same 


neurophysiological development. As the 
' studies of Sans: and. Chat? have shown, 
a postnatal maturation process with sig- 
nificant growth .of- the neurons occurs 
histologically in the central vestibular 
system as well (the authors examined 
the vestibular nuclei of the brain stem 
of the cat). In this context, the findings 
of Bergstrém*® are also of interest, ac- 
cording to whom the thickness of the 
myelin sheath increases until puberty. 


The typical behavior of the nystagmic 
parameters in children, as described by 
Conraux and Collard,’ is particularly 

- distinct up to the age of four and it 

'. becomes less pronounced up to the age 
.of ten; between 13 and 15 years of age, 
the ENG curve is similar to that of an 

. adult: with the exception of a slight 

'"hyperexcitability." In the opinion of 
Despons,*® the changes of the infantile 
nystagmus parameters are the expression 
of a physiological maturation. An in- 
creasing control of the vestibular path- 
ways by superimposed centers is a prob- 
ability.5^** The harmonic cooperation of 
the various systems responsible for the 
motor coordination, mainly that of the 
cerebellum,” is a necessity for the nys- 
tagmic reaction to stimulus. 


The decline of all parameters beyond 
the second peak can be understood from 
the presently known histological changes 
in the peripheral and central vestibular 
system, which brought about a marked 
age-dependent degeneration. The fre- 
quency increase of vestibular vertigo 
with advancing age, as described by 
Droller and Pemberton?? can hardly be 
the consequence of age-degeneration of 
nerve and sensory cells alone, but is 
more likelv caused by age-dependent 
vascular changes. The aforementioned 


investigators also found a significant 


correlation between the clinically diag- 
nosed extent of arteriosclerosis and the 
frequency of vertigo complaints. 


At this time, of course, it is not quite 
clear whv the most intensive reactions 
occur in healthy subjects of middle and 
late middle age, in spite of a definite 
degeneration of sensorv and nerve cells 
already occurring at this age. The be- 
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havior of nystagmic parameters dis- 
cussed here, especially the peak as it 
occurs in middle age in the caloric test, 
however, cannot be considered as being 
equivalent to a highest efficiency of the 
vestibular system during middle age. 
After all, the purpose of the vestibular 
system is not to produce nystagmus, but 
to maintain the equilibrium. In this re- 
ape deteriorating results of the vestib- 
ulo-spinal tests (ataxy-test battery) in 
advanced age" are better inclined to 
provide information concerning the effi- 
ciency of the vestibular system. 


It is doubtful that the rotatory reac- 
tion threshold continuously increases 
with age. Initially, the threshold is 
reduced. The reduction occurs at a faster 
rate up to the fifth year and then slows 
down and approximately reaches the 
adult value at the age of 12." Further- 
more, in analyzing the graphic demon- 
strations of Haas,*? it becomes apparent 
that the lowest threshold values were 
measured in 41 to 50-year-olds. Con- 
cerning the results of Van de Calseyde 
et al®* it seems possible that based upon 
age grouping, a minimal reaction thresh- 
old in middle age was balanced out. 


Also, some doubt still exists as to the 
behavior of various parameters in post- 
rotatory nystagmus, depending upon 
age. The results described by Nicolai"? 
and Rossberg? do not exclude a peak 
around age 40, since this could have 
been brought up to level by the forma- 


tion of the age groups 20-40 and 40-60. 


Minnigerode et. al^? coordinated age 
groups of 0-10, 30-40 and 40-70. The 
published graphic demonstrations show 
that the mean values for the total am- 
plitude of first postrotatory nystagmus 
after rotation to the left (disregarding 
the results from the 11 to 20-year-olds 
in this instance) reach a peak in the 30- 
40 age group while those values of 
second postrotatory nystagmus reached 
a maximum in the 20-30 age group. The 
maximum value for the total amplitude 
of first postrotatory nystagmus after 
rotation to the right occurs in the 20-30 
age group as well. The highest values of 
first perrotatory nystagmus for the total 
number of beats occur in the age group 
of 30 to 40-year-olds.*^** 


Disregarding the values of nystagmic 
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TABLE 3. CORRELATION OF VARIOUS 
PARAMETERS DETERMINED 
SEPARATELY FOR EACH OF THE FOUR 
IRRIGATIONS 
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amplitude up to the tenth year of life, 
as demonstrated by Kornhuber,? the 
highest value of the corrected mean 
single amplitude of first postrotatory 
nystagmus occurs in the 20-30 age 
group. The graphic demonstrations of 
Schéder*’ indicate that 40-year-olds had 
the most intensive reactions after stop- 
ping at 60°/sec, measured by the pa- 
rameters of total number of beats and 
total amplitude. 
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The group formation of Van de Cal- 
seyde (10-25, 25-50 years)** does not 
exclude a peak during middle age. The 
above mentioned findings seem to indi- 
cate the possibility that during the ro- 
tatory test a peak may exist in regard 
to intensity d reaction during middle 
age, as was described in’ 1939 by Ko- 


tyza^* for duration and total number of. 


beats during Barany's rotatory test. Not 


quite convincing is the hypothesis that. 


the kind of stimulus used may be re- 
sponsible for the differences between 
the caloric and rotatory test, depending 


upon age. The rotatory tests by sub- 
division into age groups, such as we used _ | 


for the caloric test, may clarify the situ- 
ation in this respect. 


Thought was also given to the cause 
of why cold and warm irrigations, de- 


pending upon age, showéd a different = 


behavior pattern. “Gramowski and 
Unger”? considered it plausible that pos- 
sibly, based upon the inferior circulation 
in older people, a retarded heat con- 


13 
duction occurs, and thus causes differing 
results: of cold and warm irrigations. 


While Bruner and Norris?" arrived at^ 


the conclusion that warm irrigatioris in- 
dicate age-dependent changes. more 





i 


clearly than cold irrigations, Vander : 


Laan and Oosterveld^* arrived at. the 
opposite result. On. the other hand, the 
demonstration of- Zelenka' and Slani- 
mova?? makes it apparent that the dura- 
tion of warm irrigation reaction showed. 
a slightly stronger age-dependency. In 
the- case of our own results regarding 
the differences between cold and warm 
irrigations, it may be possible they were 
the result of a large dispersion of values 
by several variables, mainly that of the 
degree of wakefulness, in relatively 


small collectives of 17 subjects per age .. 


group. As to registration by closed ~ 


eyes,?^^ in spite of the solving of math- ` 


ematical problems,** it seems to be en- 
tirely possible that based on the. alerting 


stimulus of cold irrigation alone; :.dif- . 


ferent results may occur in healthy-sub-^ :- 
jects at various ages when comparéd to^ 


those caused by warm irrigations. » 


However, it does seem to be certain 
that different parameters, especially the 
frequency, the^total number of beats 
and the nystagmus duration on one 
hand, and maximum velocity of the slow 
phase and maximuin amplitude on the 
other, show varying age-dependent be- 
havior. A relatively high correlation be- 
tween total number of beats and maxi- 
mum frequency on one side, and maxi- 
mum velocity of the slow phase and 
maximum amplitude on the other (Table 
3) speak for this fact, according to our 
findings. In comparison, there exists a 


relatively inferior correlation between 


the parameters maximum frequency and 
total number of beats on one hand, and 
of maximum velocity of the slow phase 


and maximum amplitude on the other 
(Table 3). 


No direct correlation is recognizable 
between the pure tone thresholds of 
different age groups and the intensity 
of nystagmic reaction to stimulus (Fig. 


6). 


In our opinion, one point of view has, 
as yet, not been considered enough, 
namely whether the extent of the side 
difference and directional preponder- 
ance may also depend upon age. Gra- 
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Fig. 6. Median values of the pure tone audiogram of the right and left ear in the 
various age groups. 


© mowski and Unger”? have checked their 
data of ten young (mean — 19 years) 
"and ten old (mean = 65 years) 
healthy subjects in this regard and did 
nof find any significant differences. 
Among -the various age groups of 293 
patients, Bruner and Norris,?' too, were 
not able to find significant differences 
in respect to the extent of side differ- 
ence and. directional preponderance 
(parameter: maximum velocity of the 
slow phase). Therefore, our results for 
the per cent side difference of excita- 
bility seem to be of importance. By 
careful interpretation they indicate that 
at least the extent of the side difference 
might be related to age. As to our 
knowledge, this assumption is men- 
tioned here for the first time. Should 
this hypothesis be substantiated by 
larger test series of healthy subjects, 
then the possibility of a truly quantita- 
tive evaluation of the caloric test might 
be doubtful. Accordingly, standard val- 
ues for the evaluation of the caloric test 
could then only be determined after 
extensive series of investigation. It does 
not seem at all improbable that differ- 
ence of sex, too, may play a role in 
caloric vestibular tests. Recently, von 
Wedel and Opitz*® reported different 


results of the Feldmann test for men and 
women of advanced age. The same may 
be true for the vestibular system. 


ZUSAMMENFASSUNG 


Nach einer Literaturübersicht über die heute 
bekannten  altersbedingten morphologischen 
und funktionellen Veránderungen am vestibu- 
liren und akustischen System werden die 
Ergebnisse eigener Untersuchungen über den 
Einflu8 des Lebensalters auf das Ergebnis der 
thermischen Vestibularispriifung an 102 Ge- 
sunden aus 6 Altersgruppen zwischen 11 und 
70 Jahren mitgeteilt. Sie lassen keinen Zweifel 
daran, dag die absolute Größe von Nystagmus- 
parametern bei der thermischen Prüfung vom 
Lebensalter abhängig ist; jedoch nicht in der 
Weise, dag die Stärke der Reaktion mit zuneh- 
mendem Alter abnimmt. Ganz im Gegenteil 
belegen sie, dag es bei wachen Gesunden mitt- 
leren und späten mittleren Lebensalters zu den 
intensivsten Reizantworten kommt (max. Ge- 
schwindigkeit der langsamen Phase, max. Am- 
plitude, max. Frequenz, Gesamtschlagzahl). 
Aufgrund der statistischen Analyse erscheint 


.darüberhinaus wahrscheinlich, dag auch das 


Ausmaf der Seitendifferenz der Erregbarkeit 
altersabhüngig ist. Menschen mittleren Lebens- 
alters weisen geringere Seitendifferenzen auf 
als Kinder und alte Menschen. Letztere Be- 
funde werden unseres Wissens hier erstmals 
mitgeteilt. Sollten unsere Ergebnisse weitere 
Bestütigung finden, kónnten Richtwerte für 
eine echte quantitative Bewertung der ther- 
mischen Prüfung erst nach umfassenden Rei- 
henuntersuchungen an Gesunden verschiede- 
nen Lebensalters aufgestellt werden. 
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MODELS 2 AND 2R 


Recognized for its precision and reliability, 


the HILGER FACIAL NERVE STIMULATOR 
is the original instrument designed for clinical 
evaluation of the facial nerve, clinical 
testing of muscle tissue viability and for nerve 
identification and testing during surgery. 


The instrument features unique circuitry 
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current measurements with readings 
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Clinical measurements and bio- -availability data pain 
demonstrated that Novafed Capsules provide sustained 
relief from nasal and eustachian tube congestion for 12. - 
full hours. 
- Inside every Novafed Capsule you'll find only one 
active ingredient . . . pseudoephedrine hydrochloride. 
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an effect. 
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Plug in expandability minimizes start-up _ 
costs and protects against obsolescence. 
Inexpensive basic single- or dual-channel 
Systems can be quickly expanded by adding 
plug-in modules. Modules include a strip-chart 
recorder which plots the averaged waveform on 
ordinary EKG chart paper, a waveform proces- 
sor which allows adding or substracting of sepa- 
rate averaged waveforms, special click and 
masker generators, and a digital programmer 
for generating complex stimulus sequences 


State of the art design maximizes perfor- 
mance: Amplitude resolution of .02% full scale 
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sharpness. High pre-amplifier input impedance 
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Ideally suited for clinical use: Simplified con- 
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Safety features include optically isolated pre- 
amplifier, low-leakage internal wiring design, 
thermally protected power-supply, and 
implosion-protected cathode ray tube. 
On-site installation: With purchase of a com 
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Auditory nerve action potentials ("EAMIMASTOIDS") and brainstem- 
evoked responses ("VERTEXIMASTOIDS") from a normal ear ("NOR- 
MAL") and an ear with a 2 x 2 cm. acoustic neurinoma lying mostly in the 
intracranial space (“RETROCOCHLEAR"). Compared to the normal ear. 
the retrocochlear ear generates a brainslem-evoked response (BSER) 
with prolonged latency, and the interval between action potential (AP) 
and BSER is prolonged. The AP was recorded with a non-traumatic 
electrode in the external ear canal; the BSER was recorded with a vertex 
electrode. Both ear-canal and vertex electrodes were referred to 
paired-mastoid electrodes. Click intensity was 108 dB pe SPL (approx 
78 dB HL); click rate was 10/sec. Each record is an average of 1024 
single responses. Analysis time: 20 msec; system frequency response 
20-2 kHz. 


Backed by extensive service facilities: A 
nationwide network of Life- Tech approved serv- 
Ice centers provides one-day service in most of 
the continental United States. An extensively 
equipped and staffed home-office service de- 
partment supports the regional service centers. 


For additional information, call or write: 


Life-Tech 
Instruments, Inc. 


BOX 36221- HOUSTON TEXAS 77036 - (713) 783-6490 
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€ Full Power Positioning, With.-Left And Right 
- Side Controls, For Simultaneous Operation 
of Lift, Tilt And Headrest 


e Left And Right Side Auto-Return Controls, 
Restore Chair To Full Upright Position 


e Footrest Automatically Retracts In The Full 
Upright Position, Enhancing Patient Con- 
venience And Safety 


. * Adjustable Armrests For Close-In Patient 
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rin: 42-hour protection 
| n allergy symptoms. 


Teldrin' S Arid: release formula offers Recommend Teldrin Spansule Capsules 
prompt, continuous relief for up to 12 hours. . for effective round-the-clock allergy relief. 
That means that just two capsules daily can - Ask your Smith Kline & French Representa- 
provide effective relief of allergic rhinitis tive for samples. 
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Painless method 
of anesthetizing the 
tympanic membrane. 


The clinically proven Ionesthetizer is 
the preferred alternative to general and local 
anesthesia when performing myringotomy 
and ventilation tube placement. It is 
painless, usually eliminates the need for 
hospitalization, and permits quick and 
efficient procedures. The lonesthetizer, 
available exclusively from Xomed, offers 
these additional benefits: 


Patient comfort, relaxation and safety is maximized 
Creates bloodless field for procedures, which also results in faster healing and 
less chance of infection g 


Anesthesia lasts up to 1⁄2 hours, which allows for more efficient 


use of office time e 
Built-in timer insures accuracy and convenience in Ò [^ 


attaining anesthesia 
Reliable circuitry maintains safe current level e 


Rugged construction insures mainte- on 
nance-free operation Co? 
Designed by Jack Vernon, Ph. D. and Robert Brummet, Ph. D. 2 O ge 


Patent no. 3991,755 


For additional information, the name of your local Territorial 

Sales Manager and/or nearest dealer, call (800) 874-5797 (in Florida 

call (904) 737-7900 collect); TWX (810) 827-6439; or write 

Xomed, Inc., 8641 Baypine Road, Jacksonville, Florida 32216. e 
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provide effective relief of allergic rhinitis 
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Teldrin gives your patients the most 
widely prescribed antihistamine for allergy 
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ACUTE VESTIBULAR PARALYSIS IN HERPES ZOSTER OTICUS 


LEONARD Procror, MD Henry PERLMAN, MD . 


BALTIMORE, MARYLAND Cuircaco, ILLINOIS | 


Grecory Matz, MD 


CHICAGO, ILLINOIS 


Joun Linpsay, MD 


CHICAGO, ILLINOIS 


A case of herpes zoster oticus is presented in which the lateral and superior semicircular 
canals of the labyrinth were affected unilaterally. The results of several electronystagmographic 
examinations are described and correlated with the patient's description of symptoms. This case 
study indicates that disease affecting the lateral semicircular canal is reliably detected by the 
conventional caloric test. However, the fact that the posterior semicircular canal remained in- 
tact could not be inferred from the results of the caloric. test in this case. Also, the appearance 
of nystagmus upon eye closure appears to have been a more sensitive index of the state of the 


disease process than was the caloric test. 


The usual clinical manifestations of 
herpes zoster oticus consist of severe 
pain in the ear and mastoid region fol- 
lowed by a vesicular eruption within or 
near the aural canal. As the cutaneous 
eruption develops, facial nerve paralysis 
may appear. In addition, there may be 
auditory or vestibular symptoms. 


Histopathologic features’ during the 
acute phase consist of a dense lympho- 
cytic infiltration of involved structures 
and scattered small hemorrhages. Lym- 
phocytic aggregates around small ves- 


sels are characteristic, resembling those . 
seen in viral inflammations of the central : 


nervous system.'? Intense arterial in- 
flammation may be seen, which could 
lead to ischemic effects. Inflammatory 
cells have usually disappeared within 
about one year, but there still may be 
noted a loss of sensory or motor neurons 
or other sensory structures, and the de- 
velopment of fibrous tissue.^*^ The dis- 
ease is felt to be caused by the varicella 
(chickenpox) virus"? and patients with 
Hodgkin's disease, other lymphomas, or 
lymphatic leukemia are unusually sus- 
ceptible to both spinal and cranial 
zoster. Hunt? drew attention to the 
association of facial nerve paralysis with 
a distribution of cutaneous eruptions 
that he felt were caused by an isolated 


lesion of the geniculate ganglion. How- 
ever, subsequent investigators have 
found that inflammatory changes in the 
geniculate ganglion were mild» or ab- 
sent in zoster cases where there was 
moderate or extensive infiltration of the 
seventh or eighth nerves. ` x S alg 


Denny-Brown et al? described a pa- 
tient with severe pain and a pool. 
ing the right ear and the right head and 


neck. Temporary facial paralysis oc- 






„curred with a fresh crop of vesicles on 
the 11th day of his illness, with deviation 


of.the tongue to the right. During the 
seventh week a third crop of vesicles 


appeared, immediately behind the right 


pinna. The patient died of unrelated 
causes 64 days after onset of herpes 
oticus. Histologic examination revealed 
nearly total destruction of the second 
cervical dorsal root ganglion and asso- 
ciated neurons. The first cervical gan- 
glion was not examined, but the first 
posterior root was severely degenerated. 
Inflammation and degeneration were 
found in the adjacent spinal cord and 
within the brain stem. The seventh 
nerve was infiltrated with lymphocytes 
but the geniculate ganglion was entirely 
normal. 


The possible involvement of the ninth 
and tenth cranial nerves in zoster oticus 
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has not been clarified by histopathologic 
«study, However, this disease clearly may 
* *; be associated with a more extensive and 
„våried process than that suggested by 
the term “geniculate ganglionitis,"* with 
the potential for involvement of a variety 
of motor and sensory nerves,” multiple 
cranial and spinal sensory ganglia,"** 
sensory structures. of the labyrinth or 
cochlea,^* and various neural structures 
within the brain and spinal cord."? 


In the case reported here, otalgia and 
a vesicular eruption were followed by 
severe vestibular disturbance. There was 
a mild temporary hearing loss, but no 
diminution in motor function of the 
seventh nerve. Histologic examination 
indicated a lesion involving the sensory 
and neural structures of the left lateral 
and superior semicircular canals. The 
left utricular, saccular and posterior 
canal structures were spared. Careful 
vestibular and audiometric tests had 
been done during the course of the pa- 
tients illness and therefore this case 
offered a unique opportunity to evalu- 
ate the results of clinical testing in a 
patient with a histopathologically de- 
fined lesion. 


CASE REPORT 


This 33-year-old Caucasion female 
noted redness and small tender vesicles 
within and below the orifice of the left 
aural canal on June 15, 1965. There was 
mild ear pain. Redness and swelling in- 
creased and mild twitching of the left 
eyelid was noted for one day. Slight 
dysequilibrium began on June 21. Two 
days later dysequilibrium precipitously 
increased and vertigo, nausea, and 
vomiting appeared, resulting in hospital- 
ization for 18 days at the University of 
Chicago Hospitals and Clinics. On ad- 
mission the patient was unable to walk 
or even sit up and there was a spon- 
taneous nystagmus to the right. No other 
physical abnormalities were found. 
Blood and urine analyses and a spinal 
tap on June 28 were all normal. Her 
past history included a diagnosis of 
cervical Hodgkin's disease for which she 
had received local irradiation (4000 rads) 
in 1956. No further evidence of this 
disease was detected until March, 1965, 
when intraabdominal masses were 
found and treated with 2300 rads local- 
ly. During this therapy a herpes simplex 
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Fig. l. ENG recording obtained 


6/23/65 of eye movements in the ana- 
tomic horizontal plane. At A, several 
blinks (*) are seen with eyes open, A 
strong right-beating nystagmus was pres- 
ent when eyes were closed (ec) and this 
nystagmus was not affected by warm ir- 
rigation of the left ear (44°L). Calibra- 
tion movements (B) were 20? visual 
angle. 


eruption appeared on the lip but sub- 
sided spontaneously. 


On the day of her admission in June, 
1965, eye movements in the horizontal 
plane were recorded from binocular 
leads by electronystagmography (ENC) 
using a Beckman curvilinear recorder 
with R-C coupled amplification and 
100 mm/sec paper speed. High fre- 
quency filters were set on "slow" mode 
and low frequency time constant was 
3 seconds. Caloric responses were re- 
corded with the patient supine, head 
up 30? and eyes closed. The recordings 
showed a strong increase in nystagmus 
to the right upon eye closure (Fig. 1A) 
and showed no change in this nystag- 
mus following warm water (44°) irri- 
gation of the left ear. By June 29, there 
was less intense nystagmus with eye 
closure but still no effect upon this spon- 
taneous eyes-closed nystagmus from ca- 
loric stimulation of the left ear ( Fig. 2). 


Fig. 2. ENG recording obtained 
6/29/65 again shows nystagmus to the 
right with eye closure (ec) and no re- 
sponse to caloric stimulation (6°L, 44°L) 
of the left ear. Calibration of 20° (A) 
and eye tracing in forward gaze (B) were 
recorded in erect position. 
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Fig. 3. Nystagmus with eye closure 
(ec) has subsided (7/6/65). No response 
to caloric stimulation (44°L, 6°L) of left 
ear, but normal response from stimula- 
tion of right ear (44^R). 


Nystagmus almost completely subsided 
by July 6, and there was again no 
caloric response from the left side, 
though an appropriate response was ob- 
tained from warm irrigation of the right 
ear (Fig. 3). Eye tracking at 0.4 Hz 
and optokinetic responses at a single 
test velocity were normal (Fig. 4). 


During the next two weeks, nausea 
and vertigo continued to be severely 
aggravated by any movement, and es- 
pecially by lying on the left side. Read- 
ing and viewing objects in the visual 
panorama, as well as eating, were all 
easier when lying on the right side. 
After a few days she was able to walk 
with assistance and gradually recovered 
a nearly normal gait. However, viewing 
objects while walking continued to re- 
sult in a very unpleasant oscillopsia for 
about three weeks after the onset of her 
illness. During the second week there 
was a great pressure in the left side of 
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Fig. 4. Eye movements during patient's 
observation of swinging pendulum and 
striped drum obtained 7/6/65. Arrow 
shows where drum changed direction. 
Slow phase eye speed approximately 
11°/sec in lower tracing. 
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Fig. 5. Nystagmus was present again 
with eye closure on 9/22/65. Caloric re- 
sponses were absent on left side (30°L, 
44^L) but present on right side (30°R, 
44^R). 


her head and frequent headaches. 
About July 5 she noted the onset of a 
bitter taste on the left side of her tongue. 
This changed to a salty sensation and 
disappeared within a few weeks. How 
ever, the salty taste reappeared in mid- 
September. 


By July 25 she was able to run, hop, 
skip, and walk a straight line, and she 
returned to work. About September 14 
there was à recurrence of moderate 
dysequilibrium. She noted dizziness and 
slight staggering upon rapid movements 


again. Mild oscillopsia during walking 


and an uncertainty of gait on uneven 
terrain reappeared and persisted for 
several weeks. An ENG test on Sep- 
tember 22 showed a return of strong 
nystagmus "with eye closure (Fig. 5). 
The eyes-closed nystagmus was signifi- 
cantly increased in intensity by hot irri- 
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Fig. 6. Faint nystagmus with Frenzel’s 
goggles and strong nystagmus with eyes 
closed on 2/16/66. No response from 
AN stimulation of left ear (44° L, 
6° L): 
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Fig. 7. Sinusoidal rotatory stimulation 
with eyes closed on 2/16/66 produced 
nystagmus only when the chair was turn- 
ing to the patient's right. Dotted lines in- 
dicate leftward portion of oscillation. 


gation.of the right ear and was reversed 
by cold irrigation. However, it remained 
unchanged following either hot or cold 
irrigation of the left ear (Fig. 5). The 
patient's dysequilibrium again subsided 
though ENG testing on February 16, 
1966 continued to show strong nystag- 
musrwith eye closure (Fig. 6). A man- 
ually-operated: rotating chair was used 
on that day also, to apply a sinusoidal 
stimulus. A strong directional prepon- 
derance was demonstrated (Fig. 7). 
Nystagmus upon eye closure was still 
present on September 19, 1966. No 
definite change in intensity or direction 
of nystagmus during positional testing 
was found during any of the ENG 
sessions. : 


Hearing had been normal on the day 
of her admission in June 1965, but a 
left sensorineural hearing loss appeared 
five days later with a pure tone average 
of 30 dB in the speech frequencies and 
normal discrimination scores. There was 
recruitment of loudness. By September, 
the audiogram was again normal. 


Chemotherapy and further radio- 
therapy were applied to control the 
patient's disease, but she became pro- 
gressively worse and died with lobar 
pneumonia on March 28, 1967, 21 
months after the onset of herpes oticus. 
The temporal bones were removed ap- 
proximately nine hours after death and 
processed for histologic study. 


Histopathology. The ear canals, tym- 
panic membranes, ossicles and middle 
ear spaces appeared normal bilaterally. 
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Fig. 8. Crista (CR) and associated 
structures of involved (left) lateral semi- 
circular canal. Note absence of cupula, 
sensory and supporting cells, and de- 
creased density of nerve fibers (N) sup- 
plying crista. Vacuolization (V) probably 
is due to postmortem autolysis, 


No significant accumulation of inflam- 
matory cells was found in either tem- 
poral bone. Except for moderate post- 
mortem autolysis there were no abnor- 
malities of the cochleas, utricles, or 
saccules of either ear. 


In the left ear there was slight nar- 
rowing of the membranous lateral semi- 
circular canal (LSC) with fibrosis and 
new bone formation in the perilym- 
phatic space. However, these changes 
by themselves would probably not have 
interfered with normal semicircular ca- 
nal function. On the other hand, a total 
loss of function would be predicted 
from the changes in the LSC receptor 
organ and nerve. The LSC cupula was 
absent and the sensory and supporting 
cells of the crista were replaced with 
fibrous tissue (Fig. S). There was a 
striking decrease in the density of nerve 
fibers supplying the crista. There was a 
definite decrease in the density of fibers 
supplying the left superior semicircular 
canal crista, but the status of the cupula 
and sensory cells of the crista could 
not be reliably assessed because of the 
angle of sectioning. There were no ab- 
normalities of the cochlear nerve, spiral 
ganglion, facial nerve, geniculate gan- 
glion, or chorda tympani. 


We wish to emphasize the fact that 
no abnormalities were found in the struc- 
tures of the left posterior semicircular 
canal (PSC); this portion of the dis- 
eased left labyrinth appeared capable 
of normal function (Fig. 10). Photo- 
micrographs of both the left and right 
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Fig. 9. Crista (CR), cupula (CU) and 
associated structures of uninvolved (right) 
lateral semicircular canal appeared intact. 
Vacuolization ( V) represents postmortem 
autolysis. 


PSC structures have been included so 
that the left PSC can be compared with 
its healthy mate on the opposite side. 


No significant abnormalities were ob- 
served in the right ear. In particular, 
the crista and associated structures of 
the right LSC appeared normal (Fig. 
9). Additional details of the histopathol- 
ogy are presented in an earlier publica- 
tion. 





Fig. 10. Crista and associated structures 
of left posterior semicircular canal ap- 
peared intact. Compare with healthy right 


posterior semicircular canal (Fig. 11) 
and with diseased left lateral semicircu- 
lar canal (Fig. 8). 


Fig. 11. Right posterior. semicircular 
canal structures are shown for comparison 
with those of the left side (Fig. 10). . 


Autopsy examination revealed Hodg- 
kin's disease involving lymph nodes, 
lung, spleen, liver and the proximal por- 
tion of the common bile duct. There was 
fibrinous pericarditis, right lower lobe 
pneumonia, hydrothorax, chronic passive 
congestion of the liver, and ascites. The 
brain showed few significant antemor- 
tem changes, The meninges appeared 
normal except for a slight opalescence 
of the leptomeninges especially in the 
region of the pacchionian granulation 
dorsally. Within the cerebellum there 
was' diffuse pale staining and patchy 
loss of. cells in the dentate nucleus and 
a loss of cells in the granular layer. A 
section through the pons and substantia 
nigra showed no abnormalities. 


DISCUSSION 


Figure 1 shows typical findings of an 
acute unilateral peripheral vestibular 
lesion. Spontaneous right-beating nys- 
tagmus is present with eyes open look- 
ing straight ahead (upper tracing). 
Nystagmus frequency increases slightly 
with rightward gaze during calibration 
(Fig. 1B). The first important sign in- 
dicating that the nystagmus was prob- 
ably due to a vestibular system distur- 
bance was the fact that the direction of 
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NINCDS NOTES* 


Research highlights of 1978 were reviewed by NINCDS Director Dr. Donald B. Tower 
before the Senate Subcommittee on Appropriations for the Departments of Labor and HEW 
on February 28. 


Accession of patients for the EC-IC by-pass study (an evaluation of the scalp artery to 
brain artery grafting procedure for prevention of stroke) is well under way, Dr. Tower re- 
ported. Mere than 30. centers in the U. S., Canada, Europe, and Japan are collaborating. 


NINCDS scientists and grantees, working with both homologous grafts and allografts of 
peripheral nerve tissue, have reported progress toward the goal of providing a milieu in the 
central nervous system and perhaps in the spinal cord for cut fibers to regenerate across gaps. 


Development of neural prostheses for paralyzed and disabled patients continues. An 
NINCDS contractor is conducting a six-month test in dogs of a prosthesis for the paralyzed 
urinary bladder; if suceessful, this test will be followed by human trials later this year. 


Multiple electrode prostheses for sensorineural deafness have been designed and tested, 
with indications that crude discriminations of pitch, and consequent improvement in auditory 
alerting, are now possible. 


Neuroimmunologists are especially interested in the immune system's suppressor lympho- 
cyte cells, which are ‘thought to prevent autoimmune disorders. Several studies by NINCDS 
scientists suggest that the suppressor cell response is abnormal in multiple sclerosis (MS). 
Investigators hypothesize that it tolerance to one's own tissue cells is maintained by suppressor 
cells, and if these suppressor cells lose their responsiveness (perhaps because of a specific viral 
insult), an autoimmune .disease like MS could ensue. 


Dr. Tower also described for the Senate Subcommittee the Institute's new initiative in 
positron emission transverse tomography (PETT), viewing the technique as especially, or 
perhaps uniquely, applicable to nervous system research. Because of the extensive resources re- 
ruled (cyclotron, special teams of chemists, imaging devices), PETT is not likely to become 
a routine diagnostic technique. The research possibilities, however, are almost unlimited. 


"What CAT (computerized axial tomography) brain scans have done for our ability to 
visualize the anatomy and structural pathology of the intact living brain, PETT promises to do 
for the metabolism and function of the intact living brain," Dr. Tower told the subcommittee. 


The first applications for support of PETT development will be reviewed July 30, 1979, 
at a special meeting of the National Advisory Neurological and Communicative Disorders and 
Stroke Council. 


*This column is prepared monthly by the Office of Scientific and Health Reports, National 
Institute of Neurological and Communicative Disorders and Stroke. For further information, 
2 ky com Holstein, NINCDS/OSHR, NIH Bldg. 31, Room 8A-16, Bethesda, MD 
20014. (30 -5751. 
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temporary meningeal irritation and the 
recrudescence of signs and symptoms in 
September may have been ‘caused by 
central nervous system disturbance 
rather than a progression of the labyrin- 
thine lesion. 


Lindsay and Hemenway? described 
histopathological findings in a patient 
who suffered from postural vertigo for 
at least two years after an acute episode 
of severe vertigo, nausea and vomiting. 
When examined one month after the 
original attack, there was spontaneous 
nystagmus to the left in all positions of 
gaze and absence of response to hot 
and cold caloric stimulations of the 
right ear. Vertigo appeared and nys- 
tagmus increased in intensity when the 
patient lay on her right side. They found 
complete degeneration of the nerve fi- 
bers to the right lateral and superior 
semicircular canal and utricle. The pos- 
terior semicircular canal nerve was in- 
tact. Their case showed that sudden 
partial loss of labyrinthine function 


could lead to a condition of chronic: 


postural vertigo. The patient reported 
here also suffered a sudden partial loss 
of vestibular function, but did not de- 
velop chronic postural vertigo. The most 
notable histopathologic difference be- 
tween the two cases is the fact that in 
the present case the utricle was intact, 
and this could account for the failure 
to develop chronic postural vertigo. 
However, additional studies are needed 
to clarify the relationship between clini- 
cal manifestations and pathologic 
changes’? and for the present our inter- 
pretations must remain tentative. 
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It should be emphasized that the 


caloric.test, performed in thé;epnven-" . . 


tional manner, failed to reyeal the, fact 
that. the _posterior semicircular canal 
structures were intact. Had the patient 
been tested with head tilted forward to 
eliminate LSC stimulation some rotatory 
nystagmus might possibly have been ob- 
served, though: Day and Lindsay" 
found no reaction when testing for 
vertical canal function in a case with a 
similar partial. vestibular lesion. Dohl- 
man’s studies? indicate that the effec- 
tive stimulation acting on the posterior 
canal is relatively insignificant, no mat- 
ter what head position is assumed.'? At 
any rate, this and other cases?! indicate 
that the conventional caloric test as 
currently applied does not provide in- 
formation concerning the functional 
integrity of the posterior semicircular 
canal.!? 
SUMMARY 


l. The development of herpes zoster 
oticus resulted in permanent destruction 
of a portion of the labyrinthine struc- 
tures in this case and produced a clinical 
picture of acute vestibular paralysis. 


9. 'The fact that the posterior semi- 
circular canal structures remained intact 
was not detected by clinical observation 
or by repeated applications of the ca- 
loric test in the conventional manner. 


3. The caloric test consistently dem- 
onstrated the presence of lateral semi- 
circular canal disease, but was less sen- 
sitive than eye closure in detecting a 
subsidence and an exacerbation of the 
labyrinthine disturbance in this case. 
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NINCDS NOTES” 


Research highlights of 1978 were reviewed by NINCDS Director Dr. Donald B. Tower 
before the Senate Subcommittee on Appropriations for the Departments of Labor and HEW 
on February 28. 


Accession of patients for the EC-IC by-pass study (an evaluation of the scalp artery to 
brain artéry grafting procedure for prevention of stroke) is well under way, Dr. Tower re- 
ported. Mere than 30 centers in the U. S., Canada, Europe, and Japan are collaborating. 


NINCDS scientists and grantees, working with both homologous grafts and allografts of 
peripheral nerve tissue, have reported progress toward the goal of providing a milieu in the 
central nervous system and perhaps in the spinal cord for cut fibers to regenerate across gaps. 


Development of neural prostheses for paralyzed and disabled pone continues, An 
NINCDS contractor is conducting a six-month test in dogs of a prosthesis for the paralyzed 
urinary bladder; if successful, this test will be followed by human trials later this year. 


Multiple electrode prostheses for sensorineural deafness have been designed and tested, 
with indications that crude discriminations of pitch, and consequent improvement in auditory 
alerting, are now possible. 


Neuroimmunologists are especially interested in the immune system's suppressor lympho- 
cyte cells, which are ‘thought to prevent autoimmune disorders. Several studies by NINCDS 
scientists suggest that the suppressor cell response is abnormal in multiple sclerosis (MS). 
Investigators hypothesize that if tolerance to one’s own tissue cells is maintained by suppressor 
cells, and if these suppressor cells lose their responsiveness (perhaps because of a specifie viral 
insult), an autoimmune .disease like MS could ensue. 


Dr. Tower also described for the Senate Subcommittee the Institute's new initiative in 
positron emission transverse tomography (PETT), viewing the technique as especially, or 
perhaps uniquely, applicable to nervous system research. Because of the extensive resources re- 
quired (cyclotron, special teams of chemists, imaging devices), PETT is not likely to become 
a routine diagnostic technique. The research possibilities, however, are almost unlimited. 


"What CAT (computerized axial tomography) brain scans have done for our ability to 
visualize the anatomy and structural pathology of the intact living brain, PETT promises to do 
for the metabolism and function of the intact living brain," Dr. Tower told the subcommittee. 


The first applications for support of PETT development will be reviewed July 30, 1979, 
at a special meeting of the National Advisory Neurological and Communicative Disorders and 
Stroke Council. 


*This column is prepared monthly by the Office of Scientific and Health Reports, National 
Institute of Neurological and Communicative Disorders and Stroke. For further information, 
HU or, can dO Holstein, NINCDS/OSHR, NIH Bldg. 31, Room 84-16, Bethesda, MD 
2 . (8 -5751. 
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Eleven patients with laryngeal cancer associated with additional primary tumors under- 
went cutaneous delayed hypersensitivity tests and lymphocyte stimulation studies with phyto- 
hemagglutinin for evaluation of their cellular immunity. Five of the 11 patients were anergic 
or hypoergic as shown by skin tests to recall antigens and seven of nine patients had impaired 
lymphocyte transformation. Depressed immunity was more often observed in patients with an 
active malignancy. The level of serum immunoglobulins was elevated in two of eight studied 
patients, and in the remaining patients was within the normal range. All patients had a history 
of excessive smoking. Most frequently, second tumors were found in the lung, urinary tract and 
skin. The prognosis seemed to be determined by the additional tumor rather than by: the laryn- 


geal cancer. 


Multiple primary malignant tumors 
have been known to occur in single in- 
dividuals for over a century. Patients 
who were cured of their initial malig- 
nant disease or with a controlled tumor 
have a higher likelihood of developing 
a second neoplasm than the normal pop- 
ulation, this probability ranging be- 
tween 5%-36%.>° In spite of the many 
clinical reports, little is known as to the 
etiology of this phenomenon. A vast 
amount of evidence accumulated in 
recent years emphasizes the role of im- 
mune competence in the appearance 
and progression of human neoplasia‘ 
without underestimating carcinogens, 
viruses and environmental factors in in- 
ducing cancer Very few immunologi- 
cal studies have been done in patients 
with multiple primary tumors,^* some 
are merely case reports.*? Thus, though 
the occurrence of further primary tu- 
mors in patients with larvngeal cancer 
has been reported,'^-? to the best of our 
knowledge cutaneous reactivity, lym- 
phocyte transformation and humoral im- 
munity in these patients have not yet 
been described. The aim of this work 


was to investigate these immunological 
parameters. 


METHODS AND MATERIALS 


Eleven patients suffering from carcinoma of 
the larynx with at least one other cancer were 
included in this study. All patients were males 
and all were heavy smokers (at least 20 cig- 
arettes a day for over. 20 years). The mean 
age at the time of diagnosis of the first tumor 
was 60 years, range 42-73 years, and the 
mean age at the time of second tumor diagno- 
sis was 64 years, range 49-76 years. Most pa- 
tients were of European origin, except one 
Arab patient, : MONI vy 


The second primary tumor was considered 
to appear simultaneously whenever diagnosed 
within six months after the first primary neo- 
plasm.^ In two patients the tumors appeared 
simultaneously and in nine metachronously. 


Four of the nine patients with metachronous 
tumors had laryngeal cancer as their first tu- 
mor while in the remaining five patients the 
laryngeal cancer was the subsequent tumor. 
The clinical features of the patients are shown 
in Table 1. In most patients both primarv and 
secondary tumors were histologically confirmed 
with no intercorrelation or similarity. Two pa- 
tients deserve special consideration. One pa- 
tient (No. 5) had squamous cell carcinoma 
of the larynx when 56 years of age and de- 
veloped a left upper lung solitary shadow sug- 


From the Northern Israel Oncology Center and the Department of Otolaryngology, Rambam 


Medical Center, Aba Khoushy School of Medicine, Technion, Haifa, Israel This work was sup- 
ported in part by a donation in memory of the late Luise Guterman administered by the Office 
of the Administrator General, Ministry of Justice and the Medical Research Fund under the 
sponsorship of the Ministry of Health. 
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Y TABLE: Th CLINICAL FEATURES OF PATIENTS WITH LARYNX CANCER ASSOCIATED 
CoU WITH ADDITIONAL PRIMARY TUMORS 
a id First Primary Tumor Additional Primary Tumors 
] “Age Stage Age Stage 
Pt s at at at at 
Nö. Diag Site Hist. Diag. Rx. Diag Site Hist. Diag. (Bx. 
1 62 Lnx 'SCC II S 63, Thyr PAC II S,R 
2 42 Lnx SCC .. I 44 Sk. BCC I S 
49 Rect AC II S 
3 62 Lnx ‘SCC II R,S 69 Bld. TCC I S 
4 50 Lnx SCC III S 62 Eso. SCC II S 
5 56 Lnx SCC IH S 63 Lng. —: III Cc 
63 Sk. BCC I S 
6 70 ? Lnx. SCC I R 70 Bld. TCC I S 
7 70 Bld. TCC II R Tl Kid. TCC J S 
74 Lnx SCC I R 
8 65 Lng AC Il S,C 67 Lux. SCC III R 
9 68 Lng. ACC I S 70 Ptd. WT I S 
74 Bld. TCC II S 
76 Lng. ino I R 
76 Linx. SCC II R 
10 49 Sk. BCC: I S 55 Lnx. SCC I R 
1l 73 S.G. ha” I S 75 Lnx. SCC Ill R 
| 75 Sk. BCC I S 
75 Sk. Nfb. 


S - Surgery; R - Radiation; C - Chemotherapy; Sim. - Simultaneous; SCC - Squamous cell 
carcinoma; BCC - Basal cell carcinoma; TCC - Transitional cell carcinoma; Rx - Treatment; 
Hist. - Histology; Diag. - Diagnosis; Lnx. - Larynx; Bld. - Bladder; Lng. - Lung; Sk. - Skin; 
Thyr. - Thyroid; Rect. - Rectum; Eso. - Esophagus; Kid. - Kidney; Ptd. - Parotid; AC - Adeno- 
carcinoma; PAC - Papillary adenocarcinoma; ACC - Alveolar cell carcinoma; S.G. - Sweat 
gland; Nfb. - Neurofibroma; WT - Warthin's tumor. 


gestive of lung cancer at 63 years. Due to his 
general, poor condition no histology could. be 
obtained. He died of his pulmonary disease 
five months aftérwards. The other patient (No. 
4), age 50, was considered cured from squa- 
mous cell carcinoma of the larynx after total 
laryngectomy. He was followed for 12 years 
when a squamous cell carcinoma of the lower 
esophagus was diagnosed fulfilling the criteria 
of a second primary tumor. 


Six of the 11 patients had two primary tu- 
mors and five had three or more neoplasms; 
one of the latter was previously reported.’ 


The mean time interval between the diag- 
nosis of the tumors in the metachronous neo- 
plasms was 5.8 years. The time interval be- 
tween radiotherapy administration and the im- 
munological investigation is shown in Table 2. 


Skin Antigens. Skin tests were performed by 
intradermal injection of 0.1 ml of five recall 
antigen preparations. The antigens were puri- 


*Ministry of Health, Israel. 
**Lederle, Pearl River, New York. 
TInstitute of Biology, Ness Ziona, Israel. 


fied protein derivative/2TU (PPD),° strep- 
tokinase-streptodornase 40U/10U (SK-SD),°° 
candidine (0.1%),t trichophyton | (0.12), 
and mixed bacteria (0.1% of a mixed suspen- 
sion of staphylococcus and streptococcus).1 
'The skin tests were performed simultaneously 
on the forearms of the patients. The average 
of two diameters of induration at 48 hours 
was recorded in millimeters. Absence of in- 
duration to all antigens was considered as 
anergic state while response above 5 mm in- 
duration to one antigen only was regarded as 
hypoergic.' 


Lymphocyte Culture. Lymphocytes were 
cultured according to a previously described 
technique* with the following modification: 
the supernatant containing 1 x 10* lympho- 
cytes was set in 2 ml medium M199 in tripli- 
cates. Phytohemagglutinin (PHA)11 (0.05 ml 
per culture tube) was used for transformation 
of the lymphocytes. The results were expressed 
in disintegrations per minute (DPM) and by 
the stimulation index, being the DPM ratio 


TftWellcome Research Laboratories, Beckenham, England. 
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TABLE 2. CUTANEOUS REACTIVITY, LYMPHOCYTE BLASTOGENESIS AND SERUM 
IMMUNOGLOBULIN LEVEL IN 11 PATIENTS IN RELATION TO NEOPLASTIC 
ACTIVITY AND TIME FROM PREVIOUS RADIOTHERAPY TO IMMUNE 














INVESTICATION 
Time 
Tumor from 
Activity Previous Cutaneous Reactivity In Vitro Lymphocyte 
During Radio- C Blastogenesis (DPM) Serum Immuno- 
Pt. Investi- therapy PPD CAN SD MB TR SP- globulin (mg/ml) 
No. gation (months) (mm of Induration) LT PHA-LT SI IgG IgA IgM 
1 None 60 20 0 10 ND ND 652 46,736 71.0 
570 24,560 43.0 16 1.0 1.8 
2 Present 84 0 20 22 10 0 379 277 0.7 15 3.8 23 
3 None 144 90 3 15 5 7 | 833 170,861 193 19 3.2 1.0 
4 Present None 0 0 0 ND ND 170 139 0.8 
69 89 13 ND ND ND 
5 Present None 0 3 0 0 16 TL 1,008 14.2 25 50 >3.0 
6 None 24 15 0 8 ND ND 6 643 9.8 ND ND ND 
7 None 30 10 5 2 5 2 ND ND ND 12 2.3 13 
8 None 60 0 1 1 ND ND 778 6,151 7.9 ND ND ND 
9 Present None 0 0 0 ND ND 80 63 0.8 18 5.0 3.0 
10 None 70 30 10 24 15 0 122 144 12 16 TT 1.5 
11 None 6 15 ND 2 ND ND ND ND ND 13 50 0.8 


ND - Not done; SP-LT - Spontaneous lymphocyte transformation; PHA-LT - Phytohemag- 
glutinin induced lymphocyte transformation; SI - Stimulation index; PPD - Purified protein 


derivative ; 


CAN - Candidine; SK/SD - Streptokinase/Streptodornase; MB - Mixed bacteria ; 


TR - Trichophyton; DPM - Disintegrations per minute, 


of PHA stimulation and the unstimulated 
lymphocytes. Spontaneous lymphocyte trans- 
formation below 200 DPM, PHA induced 
lymphocyte transformation below 10,000 DPM 
and stimulation index below 20 were consid- 
ered below normal." 


Serum Immunoglobulin Level. Serum con- 
centrations of IgG, IgA and IgM were deter- 
mined by the method of single radial immu- 
nodiffusion.^ Serum was allowed to diffuse in 
agarose, containing suitable amounts of mono- 
specific goat-antihuman immunoglobulin an- 
tiserum.* The diameter of the resulting pre- 
cipitation ring was measured and the concen- 
tration of immunoglobulin was calculated by 
comparison with values obtained with three 
known concentrations of human immunoglobu- 
lins.^ The results were expressed in mg/ml 
(normal range: IgG 6.6-14.6 mg/ml, IgA 1.8- 
4.9 mg/ml and IgM 0.4-1.8 mg/ml). 


RESULTS 


The delayed hypersensitivity re- 
sponses to the recall antigens obtained 
in the 11 patients are shown in Table 
2. In three patients (Nos. 4, 8 and 9) 
complete anergy was found, two of them 
having active neoplastic disease during 
investigation. Two patients showed hy- 
poergy (Nos. 5 and 11), one patient 
having active disease and the other with 


no evidence of disease six months after 
radiotherapy. The remaining six patients 
were immunocompetent according to 
the skin testing. The mean time interval 
between diagnosis, surgery, radiother- 
apy and time of testing was 76 months 
(range 24-144 months). Of five of the 
patients who died within the first year 
after skin testing, three were anergic 
(Nos. 4, 8 and 9), one hypoergic (No. 
5) and only one was ergic (No. 2). 
Nine of the 11 patients underwent in 
vitro lymphocyte transformation tests 
(Table 2). Only two patients (Nos. 1 
and 3) had high, spontaneous, and PHA- 
induced lymphocyte transformation. 
Both patients had no evidence of neo- 
plastic disease, survived five years or 
Ienger after treatment, and had pos- 
itive skin tests as well. The remaining 
seven patients had decreased values of 
lymphocyte reactivity to PHA. Only in 
two patients was the spontaneous blas- 
togenesis within normal range. Four of 
the patients had active malignant dis- 
ease, three of them were also anergic 
to recall antigens. The remaining three 
patients (Nos. 6, 8 and 10) showed no 


*Meloy Laboratories, Inc., Springfield, Virginia. 





evidence of active disease and two of 
them were anergic or relatively anergic 
to recall antigens. In seven of the nine 
patients. who underwent both in vivo 
and iX vitro investigation, full correla- 
tiatf'óccurred between the two modes of 
evaluation. All five patients who subse- 
quently died had decreased in vitro 
tests. Serum’. immunoglobulin level 
studies were performed in eight patients. 
In two patients the level of all three 
immunoglobulins was elevated. IgG 
levels were found high in three patients 
(Nos. 3, 5 and 9), two of them having 
depressed cell mediated immunity and 
active disease. IgA was high in four pa- 
tients and. IgM was high in three pa- 
tients, all with active neoplastic ‘disease, 
None of the patients had hypogamma- 
globulinemia. 


DISCUSSION 


Cell mediated immunity evaluation 
before and after therapy in patients 
with solitary head and neck malignan- 
cies has been previously reported.'"-!* 
Skin- tests to primary and recall anti- 
gens? in vitro lymphocyte stimula- 
tion'®*° and the rosette-forming cell 
assay?! were used as parameters for the 
evaluation of cellular immunity. Dys- 
function in the immune system was re- 
vealed in these patients notwithstanding 
the method of;nvestigation used.'? The 
degree of incompetence correlated with 
the tumor burden." It ranged from 15% 
in patients with T,N,M, lesions to 71% 


in’ those with T;N,M, tumors. Other 


investigators did not find correlation be- 


In search for an immunogenetic basis 
for occurrence of multiple primary ma- 
lignant neoplasms Dellon et al^ deter- 
mined the T cell level in peripheral 
blood lymphocytes of 42 such patients 
including nine patients with laryngeal 
cancer associated with other tumors. No 
change in T cell level was found in these 
patients. In the present study, 5 of 11 
patients were hypoergic or anergic to 
a battery of skin tests. Seven of nine 
patients had a decreased lymphocyte 
blastogenic response after PHA stimula- 
tion. In four of the patients the immune 
deficiency could be related to the pres- 
ence of an advanced inoperable tumor 
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in addition to the laryngeal cancer. One 
patient (No. 11) was hypoergic which 
could have been due to the radiotherapy 
he received for cancer of the larynx six 
months prior to the immune investiga- 
tion. The remaining six patients had no 
evidence of disease; the time interval 
after radiotherapy ranged from 2 to 12 
years, yet three of them had a decrease 
in the in vitro lymphocyte reactivity. 
The reason for this persistent suppres- 
sion could be a) neoplastic disease still 
subclinical, b) suppressor T cells circu- 
lating in the peripheral blood, or c) 
presence of serum blocking factors. 


An immune deficient state existing 
prior to the malignant processes cannot 
be ruled out at present and it seems 
speculative to presume an immune basis 
for multiple primary cancer develop- 
ment. Larger groups of patients with 
earlier and intensive immune monitoring 
will be more contributory to solving this 
problem. There seemed to be a corre- 
lation between prognosis and skin re- 
activity, because four of five patients 
anergic to recall antigens died within a 
year. All five patients also had a de- 
creased in vitro reactivity to PHA. It 
cannot be ruled out that this is related 
to the additional cancer as in head and 
neck tumors; according to some authors 
prognosis is usually not predicted by 
immune parameters.???? Tt is of interest 
to note the hypergammaglobulinemia 
revealed in two of the eight studied 
patients and the normal range of serum 
immunoglobulin levels in the others. 


The association of larynx, lung and 
urinary tract cancer in single pa- 
tients'^? should draw attention to other 
possible etiological factors in the causa- 
tion of these neoplastic diseases. Ciga- 
rette smoking is one of the common 
etiological agents closely related to all 
these tumors and noted in previously 
reported patients and patients in this 
study?*5 Smoke-derived carcinogens, 
apart from their immunosuppressive 
effect," are described to induce local 
mutagenesis in respiratory tract cells 
and, upon excretion from the body, 
cause injury in the upper and lower 
urinary tract epithelium.?* 


None of the additional tumors ap- 
peared in a previously irradiated field. 
Genetic and virological factors may play 
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a role in the appearance of multiple 
primary tumors and should be investi- 
gated in future studies. It is possible 
that understanding the various causa- 
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tions of this phenomenon, whether im- 
munological or of other nature, will help 
to cast light on the malignant process 
and upon ways for its prevention. 
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Vertical and horizontal measurements were made of the widths of the internal auditory 
canals of 435 histologically prepared temporal bones. The mean vertical width, measured at the 
porus acusticus, was 3.68 mm (range 2.10 to 5.26 mm), and the, mean horizontal width, mea- 
sured in the middle region of the canal, was 3.72 mm (range 2 to 5.8 mm). The 144 ears 
selected for study because they exhibited slowly progressive sensorineural hearing loss showed 
a distribution of canal widths similar to that of the group as a whole. Histological examination 


of the internal auditory canals failed to show an 
contributed to narrowing of the canals. The stuc 


f type of soft tissue lesion which might have 
y 


provides no anatomical or histological evi- 


dence for the existence of a small internal auditory canal syndrome. 


It is well known that the dimensions 
of the internal auditory canal (IAC) 
vary within the population as well as in 
each individual. This variability is of 
considerable importance in the interpre- 
tation of radiological films of the tem- 
poral bones, since a significant widen- 
ing of a canal would make one suspect 
the presence of a vestibular schwan- 
noma. Otologists and radiologists are 
well aware of the variations in normal 
canal dimensions and have developed 
diagnostic criteria for canal size. Recent- 
ly it has Been proposed that a narrowed 
IAC may be responsible for sensori- 
neural hearing loss and vertigo. Several 
-»fologic surgeons?* described cases of 
narrowed internal auditory canals in 
association with sensorineural hearing 
loss and/or vertigo and in some in- 
stances surgical procedures have been 
performed to decompress the canal with 
the objective of preserving or improving 
hearing and/or relieving vertigo. In 
none of these cases has the pathogenesis 
for the narrowed canal been clearly de- 
termined. It has not been shown 
whether the cases represent develop- 
mental anomalies, acquired disease, or 
abnormal growth patterns occurring in 
the course of bone remodeling. It is 
quite evident, however, that the re- 
ported cases do not represent diseases 


commonly known to cause narrowing of 


criteria include 


the canal, such as osteopetrosis, Paget's 
disease, and fibrous dysplasia of bone. 
It is the purpose of this paper to exam- 
ine the concept of a narrowed IAC and 
its possible relationship to otological 
disorders. 


METHODS, MATERIALS AND RESULTS 


Measurements were made of the IAC 
of 435 histologically prepared temporal 
bones of which 195 were paired and 45 
were unpaired specimens. The selection 
1) good histological 
preparation and 2) absence of bone 
disease, such as Paget's disease, otoscle- 
rosis, osteopetrosis, fracture, metastatic 
malignant disease, acoustic neurinoma, 
and petrositis. Purposely included in the 
group were 144 ears with sensorineural 
hearing loss cf clinically uncertain eti- 
ology, of which 67 were bilateral and 10 
were unilateral. Most of these hearing 
losses were slowly progressive and clin- 
ically consistent with the deafness of 
aging (presbycusis).? 


All specimens had been decalcified, 
embedded in celloidin, and sectioned 
horizontally at a thickness of 20 u. Every 
tenth section was stained with hema- 
toxylin and eosin and mounted on glass 
slides. A horizontal measurement was 
made in the midportion of the canal 
from the slide which was considered to 


*Brookler KH, Pulec JL, Fisch H: Personal communications, 1976. 
From the Department of Otolaryngology, Massachusetts Eye and Ear Infirmary, and the 


Harvard Medical School, 


Boston, Massachusetts. 
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| NORMAL * 





Fig. 1. PT, male, horizontal section. This normal IAC measures 4.5 mm in hori- 
zontal diameter and 5.2 mm in vertical diameter. The subject died of Alport's syndrome 
(familial nephritis and deafness) at the age of 24. Audiometric tests revealed the clas- 
sical progressive sensorineural hearing loss known to occur with this disease. 


NORMAL 





Fig. 2. JO'H, male, horizontal section. This normal IAC measures 4.3 mm in hori- 
zontal diameter and 3.8 mm in vertical diameter. Widening of the middle part of the 
IAC, as seen in this specimen, is a common anatomical finding which can lead to the 
false diagnosis of intracanalicular vestibular schwannoma. He had classical bilateral 
Meniére's disease and died at the age of 66 of cerebral infarction. 
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. PAGETIC BONE 
Fig. 3. RW, female, horizontal section. Narrow IAC in Paget's disease. The hori- 
zontal and vertical diameters are 2.7 mm. There is abundant subarachnoid space around 


the nerve trunks. She died of ovarian carcinoma at the age of 66. She complained of 
-hearing loss late in life, but no audiometry was done. 


L0 TRISOMY . ` 
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Fig. 4. BB, male, horizontal section. Anomaly of the IAC in trisomy (D/D trans- 
location). Died at age two weeks. The horizontal dimension is 5.8 mm and the vertical 
is 1.8 mm. Status of hearing unknown. 
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Fig. 5. HC, male, horizontal section. Undiagnosed vestibular schwannoma. The IAC 
measures 5.3 mm in horizontal width and 5.6 mm in vertical width. Death occurred at 
age 81 of aortic stenosis and pulmonary congestion. He was known to have a hearing 
loss in this ear for 18 years, but no audiometry was done. 





Loan S». 
Fig. 6. PVonS, male, horizontal section. EEES (a din of ern bone dis- 
ease). The IAC measures 2.7 mm horizontally and 3.0 mm vertically. He died of com- 
lications following cranial decompression at age 30. The last audiogram made ten years 
bus death showed near normal bone conduction thresholds. (Courtesy of Hamersma"). 
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Fig. 7. Graph showing the distribution of horizontal widths of the IAC of 435 nor- 
mal ears and 144 ears with sensorineural hearing loss. 


represent best the full horizontal dimen- 
sion of the canal. The vertical measure- 
ment was made at the porus acusticus 
since, on horizontal sections, this was 
the sole location where one could clearly 
determine the corresponding superior 
andinferior walls of the. canal. Thus, 
the number cf sections (20, thick) 
spanning this gap provided the vertical 
dimension. of: the porus. Examples of 
normal and abnormal internal auditory 
canals are seen in Figures 1 to 6. 


. Thé:horizontal diameter varied from 
2.1 to 5.26 mm (average 3.68 mm), and 
the vertical diameter varied from 2 to 
5.8 mm (average 3.72 mm). The data 
forithe 435 specimens is plotted in histo- 
grams in Figures 7 and 8. 


The distribution of slowly progressive 
sensorineural hearing loss ears extends 
throughout the entire spectrum of canal 
widths. An examination of the audio- 
grams of those ears having canal widths 
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31-35 
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of 3 mm or less shows that ten have 
average pure tone thresholds of 30 dB 
or better for the speech frequencies 
(500, 1000, 2000 Hz). 


DISCUSSION 


Previous studies of the IAC have in- 
cluded measurements made from radio- 
graphs of the temporal bone, dried spe- 
cimens, and histological sections. The 
distribution of shapes, lengths, and di- 
ameters of normal canals has been 
studied in detail.* Our study is directed 
toward an assessment of the width of 
the canals and the possible relationship 
of narrowing to sensorineural hearing 
loss and vertigo. A comparison of our 
data with that of previous authors is 
shown in Tables 1 and 2. 


Papangelou!'^'? made a series of stu- 
dies from casts cf the IAC of human 
temporal bones. He found the average 
vertical diameter to be 4.6 mm (range 
2 to 7 mm) and the average horizontal 
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Fig. 8. Graph showing the distribution of vertical widths of the IAC of 435 normal 
ears and 144 ears with sensorineural hearing loss. 
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TABLE 1. VERTICAL WIDTHS (mm) 

Author Method No. Maximum Minimum Mean 
Ebenius® Roentgen. 109. 9.0 5.0 6.3 
Camp and Cilley" Roentgen. 509 11.0 2.5 52 
Graf? Roentgen. 100 7.0 3.0 4.8 

Histological 46 6.5 3.0 AT 
Dry Bone (Canal ) 66 8.0 3.5 5.0 
Dry Bone (Porus)* 66 6.0 25 5.0 
Valvassori and Pierce? Roentgen. 300 8.0 2,0 4.0 
Amjad et al? Casts 30 Kio 4.0 5.9 
Papangelou” Casts 484 > a 2.0 4.6 
Cordova* Roentgen. 115 * 607 2.0 4.0 
Authors' series Histological 435 5.8 2.0 3:7 


*In no case was the porus wider than the 


diameter to be 4.5 mm (range 3 to 7 
mm). He found no correlation between 
the size of the internal and external 
auditory canals in the same temporal 
bone. He found the canals to be slightly 
longer in males than females. There was 
no change in length or diameter as a 
function of age. The average volume of 
the canals was 183 cu mm (range 60 to 
388 cu mm) and was slightly greater 
for males. 


Of the three bone disorders (Paget's 
disease, osteopetrosis, and fibrous dys- 
plasia) which regularly cause distortion 
of the temporal bone and sometimes 
narrowing of the IAC, Paget’s disease 
is the most common. In a study of the 
temporal bones of eight subjects with 
Pagets disease, Nager? found that 
when there was widespread involve- 
ment of the petrous pyramid, some dis- 
tortion and narrowing of the IAC were 
present. In. general, however, the nar- 
rowing was not severe enough to exert 
pressure on the cranial nerves and blood 
vessels within the canal. Lindsay and 
Suga'* studied a temporal bone from a 
subject with severe Paget's disease and 
profound bilateral deafness and found 
the IAC invaded by pagetic bone with 
destruction of the cochlear nerve. Hear- 
ing loss is common in Paget’s disease 


canal. 


and is of the cómbined sensorineural 
and conductive type. '^ Histological 
studies show varying degrees of atrophy 
of the structures of the cochlear duct 
and nerve, most'severe in the basal turn. 
The sensorineural hearing loss presents 
the psychoacoustic pattern for a.coch- 
lear (sensory) lesion rather than.a re- 
trocochlear lesion. This would mitigate 
against narrowing of IAC as the cause 
for the loss. i 


The deafness associated with osteope- 
trosis and sclerosteosis is also of the com- 
bined type. As the skull thickens, there 
is narrowing of the foramina for. the 
cranial nerves. The nerves most fre- 
quently affected are the optic, trigem- 
inal, facial, and auditory. Again, the 
sensorineural hearing loss presents the 
auditory pattern of a cochlear (rather 
than a retrocochlear) lesion.!? 


In a single case of fibrous dysplasia of 
the temporal bone with narrowing of 
the IAC, we found the sensorineural 
hearing loss was of the cochlear type 
and progressed rapidly to total deafness. 


Gavilan and Suarez? presented a case 
study of a patient showing. radiologic 
evidence of an IAC measuring 1 mm in 
vertical diameter and typical symptoms 
of unilateral Meniére's disease. Surgical 


TABLE 2. HORIZONTAL WIDTHS (mm) 














Author Method No. Maximum Minimum Mean 
Amjad et aP? Casts 30 7.0 4.0 5.4 
Graf Histological 60 5.0 3.0 4.0 
Papangelou” Casts 484 7.0 3.0 4.5 
Authors' series Histological 435 5:2 2.1 3.6 
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exploration revealed a large pneumatic 
cell in the petrous apex but no other 
findings to explain the small IAC. 


House and | Brackmann' decom- 
pressed the internal auditory canals of 
36 patients with disabling dizziness and 
reported that three fourths of the pa- 
tients felt the surgery had significantly 
improved their symptoms. They found 
that narrowing of the dye column on 
Pantopaque® study was the most con- 
sistent correlate with success of surgery. 
There was no radiographic correlation 
with the size of the osseous IAC. Be- 
cause dye entered the canals in all cases 
they doubted that there was stenosis 
sufficient to cause actual constriction of 
the nerves. 


Fisch* has found a high incidence of 
progressive sensorineural hearing loss 
and associated peripheral vestibular 
systefns in ears presenting an abnormal 
filling defect on meatocysternography. 
However, he has also demonstrated that 
narrowing of the osseous IAC to less 
than 2 mm is extremely rare, and there- 
fore doubts that a narrowed bony IAC 
was responsible for this clinical picture. 


It seems reasonable to expect that 
narrowing of the IAC, occurring in iso- 
lation and severe enough to encroach on 
the structures of the IAC, would cause 
a retrocochlear lesion. In otologic prac- 
tice retrocochlear lesions are infrequent, 
in comparison to cochlear lesions, and 
occur principally with neoplasms of the 
IAC, multiple sclerosis, and rare cases of 
sudden deafness. Bone disorders, such 
as Paget’s disease, osteopetrosis, and 
fibrous dysplasia, have their principal 
effect on the cochlea. We can find no 
cases of retrocochlear sensorineural 
hearing. loss associated with a narrowed 
IAC in our collection of temporal bones 
nor have we found one reported in the 
literature. A narrowed IAC, occurring 
as a developmental defect, would have 
to be present at birth and should, there- 
fore, be clinically manifest early in life. 
A narrowing occurring later in life 
would have to be associated either with 
a bone disease, which would be evident 
on radiographic study, or the result of 
a bone remodeling abnormality not yet 
a recognized clinical entity. 


*Personal communication, 1976. 
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CONCLUSIONS 


We find the concept of narrowing of 
the IAC to be a very confused issue. 
Several otologists are performing de- 
compressions of the IAC for vertigo 
and/or hearing loss and report thera- 
peutic success. The indications for sur- 
gical interference consist of either the 
radiographic demonstration of a nar- 
rowed osseous IAC or a narrowed dye 
column in the IAC. 


The concept of a narrowed osseous 
IAC as a cause for vertigo and/or hear- 
ing loss seems untenable for the follow- 
ing reasons: 1) histological studies of 
temporal bones, while showing a wide 
range in canal sizes, fail to show any cor- 
relation of size with the state of audi- 
tory and vestibular function, 2) the 
therapeutic results of surgical decom- 
pression do not correlate with osseous 
canal size as determined by radiographic 
studies, 3) bone diseases known some- 
times to cause narrowing of the IAC 
(Pagets disease, osteopetrosis, and fi- 
brous dysplasia) produce cochlear 
rather than retrocochlear type hearing 
losses, suggesting that even in these 
conditions the narrowing of the canal is 
not the principal cause of the hearing 
loss, and 4) there is no known clinical 
syndrome of retrocochlear type hearing 
loss associated with a small IAC. Most 
of the cases undergoing surgery by 
House and Brackmann' had cochlear 
type hearing losses. 


The possibility of a soft tissue con- 
striction of vessels or nerves in the IAC 
seems equally remote. Histological 
studies of the temporal bone have thus 
far failed to show any type of soft tissue 
lesion which might be construed as the 
basis for such an entity. 


On the basis of these observations, we 
have some reservations regarding de- 
compression of the IAC as a logical 
therapy for any patient with vertigo 
and/or hearing loss. We suspect that a 
small IAC, whether detected by radio- 
graphic methods or meatocysternog- 
raphy, is coincidental to the cochlear 
and/or peripheral vestibular lesion. 


If the reports of therapeutic value of 
decompression of the IAC can be sub- 
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stantiated by statistically valid prospec- 
tive studies, an explanation other than 
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relief of. constriction of vessels and 
nerves must be sought. 
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Juvenile fibromatosis is a benign lesion with locally aggressive characteristics. Wide sur- 


gical excision is the treatment of choice. Radiation therapy can be used 


for inoperable cases or 


as adjunctive therapy. Steroid therapy has not been used extensively and deserves further eval- 


uation. In the hea 


and neck area, juvenile fibromatosis must be very carefully diagnosed and 


treated due to the serious consequences that result from inadequate control. 


Juvenile fibromatosis is a benign le- 
sion warranting special attention be- 
cause of locally aggressive growth char- 
acteristics. According to Stout and 
Lattes,' who reviewed benign fibroma- 
toses, juvenile fibromatosis is similar to 
a desmoid tumor, a fibromatosis involv- 
ing the musculature of the abdominal 
wall of postpartum women. The desmoid 
tumor is troublesome to excise because 
of its infiltration into surrounding tissue. 


Masson and Soule? described fibro- 
matosis as a circumscribed, locally in- 
filtrative, well-differentiated, firm over- 
growth of fibrous tissue arising in the 
musculoaponeurotic structures of the 
-body. It consists of spindleshaped fibro- 
"blasts with generous collagenous com- 
ponents. Cellularity varies from area to 
area, and although mitotic figures may 
be found, no anaplasia or abnormal mi- 
totic figures are seen. This cellular pat- 
tern distinguishes it from fibrosarcoma 
(Fig. 1A). The following case report 
illustrates the locally agressive and rapid 
growth of this benign tumor. 


CASE REPORT 

On September 5, 1973, a 19-month-old 
child was referred to the otolaryngology 
clinic for a mass posterioinferior to the 
auricle that was present for an undeter- 
mined period of time. The examiner felt 
a firm 1 cm mass adherent to the con- 
chal cartilage. 


On September 7, 1973, the mass was 
excised including the posterior perichon- 
drium of the conchal cartilage. 


Frozen section report was "benign 
fibrotic nodule" but permanent sections 
were reported as juvenile fibromatosis 
with infiltration into the parotid gland. 
The pseudoencapsulated, infiltrative na- 
ture of this tumor is easily seen (Fig. 
1B). 


Thirty-four days after excision a sec- 
and mass, 1 cm in diameter, which was 
not present before, was noted just an- 
terior and inferior to the tragus. The 
skin over the tumor was adherent to the 
mass. On October 19, 1973, a right su- 
perficial parotidectomy was performed 
with removal of conchal cartilage and 
portions of the meatal cartilage, tragus, 
and skin overlving the mass. Primary 
closure was achieved by undermining 
local tissue and using the ear lobe as a 
flap. The tumor mass was excised with 
clear margins and the parotid gland was 
not involved with the tumor according 
to the histologic report. In the four years 
since the operation there has been no 
evidence of recurrence. 


DISCUSSION 


Conley et al? describe fibrous tissue 
neoplasm as follows: "There is an es- 
calation in the microscopic picture in the 
purely fibrous tissue neoplasm, begin- 
ning with the normal reparative pro- 
cesses and scar formation and progres- 
sing to fibroma, keloid, pseudosarcoma- 
tous fasciitis, fibromatosis, differentiated 
fibrosarcoma, and finally, undifferenti- 
ated fibrosarcoma." 


Fibromatosis. histologically. may be 
confused with fibrosarcoma.* The histo- 
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logic picture is one of variation in cel- 
lularity from area to area. The differ- 
ential point between fibromatosis and 
fibrosarcoma is that cellular anaplasia or 
abnormal mitotic figures are not seen in 
fibromatosis. Despite the histologic cri- 
teria, cases diagnosed as fibrosarcoma 
initially have been downgraded to fibro- 
matosis on repeated review of the 
slides? Mutilating surgery, such as am- 
putation of an arm, has been done for 
mistaken diagnosis of fibrosarcoma.* No 
cases of metastasis have been docu- 
mented in fibromatosis.?:? 


Therapy for juvenile fibromatosis is 
wide local excision including tissue 
around the capsule. In the head and 
neck the contiguous structures include 
major vessels and nerves, the larynx, 
and the cranial cavity. These structures, 
plus the concern of cosmetic deformity, 
make wide local excision a very diffi- 
cult procedure. 


Recurrence rates of 47%? to 70%? have 
been reported. This demonstrates the 
difficulty in attaining adequate initial 
excision in the head and neck area. 
Cases are reported of multiple pre- 
cedures requiring greater sacrifice of 
tissue with each resection due to inade- 
quate initial excision. This increases the 
morbidity of decrease in function and 
cosmetic deformity. 


Fig. 1. A) Juvenile fibromatosis. The benign histolo 


carts 





is illustrated by an abundant 
collagen matrix containing spindled fibroblasts with bland nuclei, more mature fibrocytes 
with dense, wavy nuclei, and scarce to absent mitoses (H & E, x 400). B) Juvenile fi- 
bromatosis. The locally aggressive nature of this tumor is seen as it freely infiltrates 
adjacent parotid gland (H & E, x 40). ; 


Radiation therapy has been used for 
treatment. Masson and Soule? report one 
radiation cure in four patients treated 
by radiation alone. They advocate radi- 
ation only to control lesions deemed 
inoperable. ' 


After two extensive surgical excisions, 
steroid therapy was successful in treat- - 
ing one patient with an unresectable * 
abdominal wall desmoid tumor.^ The 
suppressive action of steroids on fibro- 
blast proliferation was the rationale for 
the use of steroids. Three-year follow-up 
showed no recurrence of this previously 
rapidly growing tumor. Steroid therapy 
was not used in the series of Masson 
and Soule,? Conley et al,* or Stout.’ 


Our patient had an apparently:innoc- 
uous tumor which was thought to be 
totally removed at the initial operation. 
The rapidity of recurrence and growth 
of this tumor was surprising. If the lesion 
had not been closely followed, it could 
have spread to the infratemporal fossa 
and the pterygomaxillary space with 
eventual extension into the cranial cav- 
ity. The serious implications of juvenile 
fibromatosis in tlie head and neck are 
shown by the three deaths in 34 cases 
followed by Masson and Soule? and one 
death by tracheal compression in 10 
cases reported by Stout.” 
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Multiple unilateral parotid 


enr: 


land tumors are very rare. A review of the literature shows 
only seven cases of coexisting unilateral parotid tumors. This patient had.a beni 
and a mucoepidermoid carcinoma of the right parotid gland. This is the eigh 


mixed tumor 
reported case 


of multiple unilateral parotid tumors and the first to show such a combination of tumors. 


Tumors of the major salivary glands 
comprise approximately 5% of all benign 
and malignant tumors in the head and 
neck region.^? The parotid is the most 
commonly affected gland. Bilateral pa- 
rotid tumors have been reported in a 
single individual but are rare. These 
have been, for the most part, Warthin's 
tumors and benign mixed tumors.'? 
Multiple tumors of different histopa- 
thologic types occurring in the same 
parotid gland are so rare as to be curi- 
osities. This is a case of a benign mixed 
tumor and a mucoepidermoid carcinoma 
arising and growing independently in 
the same parotid gland. A similar com- 
bination of tumor types arising in a uni- 
lateral parotid gland has not been re- 
ported in the literature to date. 


CASE REPORT 


A 45-year-old Hispanic female no- 
ticed a "swelling" in the right parotid 
region approximately ten years prior to 
her admission. She denied pain in the 
mass, facial asymmetry and any sudden 
increase in the size of the mass. There 
was no history of parotiditis and her 
past medical, surgical and social histories 
were not revealing. She was a 2-3 cigar- 
ettes per day smoker for 20 years. 


Physical examination revealed a mid- 
dle-aged female, with a 1 x 1 cm, firm, 
nontender mass in the region of the tail 
of the right parotid gland. There was 
no neck lymphadenopathy and the re- 
mainder of her physical examination in- 
cluding the oral cavity, larynx and naso- 
pharynx was normal. 





Laboratory studies showed: an HgB 
of 13 gm% and a hematocrit of 40%. Her 


BUN, electrolytes, glucose, ESR, and 


urinalysis were normal. The chest x-ray 
and EKG were within normal limits. 


At the time of surgery, the mass was 
found to be localized in thé lateral por- 
tion of the right parotid gland. The fa- 
cial nerve was identified and preserved 
and a partial parotidectomy was per- 
formed. Her postoperative course was 
uneventful. " 


Pathology. Permanent. sectioning of 
the parotid specimen revealed. two dis- 
crete tumors (Fig. 1 A,B). One tumor 
demonstrated one large and several 
smaller cystic-like spaces filled with a 
basophilic myxoid material and lined by 
one or two rows of cuboidal or low 
columnar cells. This was a benign mixed 
tumor (Fig. 2). The second tumor was 
a low grade mucoepidermoid carcinoma 
consisting of solid sheets of squamoid- 
appearing epithelial cells and glandular 
structures lined by tall columnar cells 
and occasional goblet cells, (Fig.. 3). 
These were separated by dense fibrous 
connective tissue. Eleven intraglandular 
nodes in the specimen were free of tu- 
mor as were the lateral'and deep mar- 
gins of the specimen. The final diagnosis 
was benign mixed tumor and low grade 
mucoepidermoid carcinoma of the right 
parotid gland. 


DISCUSSION 


The benign mixed tumor is most com- 
monly found in the lateral portion of 
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Fig. 1. Two discrete tumors are seen in 
this specimen: A). Benign mixed tumor 
and B Mucoepidérmoid carcinoma. 





(HPSS x.7F Ss 4. 


the parotid gland and comprises be- 
tween 60 and 65% of all neoplasms of 
that gland. It is more common in women 
and occurs most frequently: in the fifth 
decade of life. The usual clinical history 
is that of a slow-growing, painless mass 
in the region of the parotid gland and 
on physical examination appears as a 
firm, movable, smooth tumor. Epithelial 
and mesenchymal elements comprise its 
morphology. These are determined by 
the arrangement of epithelial and my- 
oepithelial cells in a mucoid or fibroid 
stroma.* Indeed, controversy exists over 
the origin of these tumors. It is postu- 
lated that they mày arise from neoplastic 
epithelium alone or in*conjunction with 
neoplastic mesenchymal, tissue. On the 
other hand, the myoepithelial cell, which 
is "epithelial" by virtue of its location 
among neighboring epithelium and 
“mesenchymal” in that it contains con- 
tractile myofibrils, may be the cell of 
origin of these tumors.^? In any case, 
treatment is surgical extirpation of the 
benign mixed tumor and surrounding 
normal parotid tissue in an effort to 
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Fig. 2. A cystic portion of the benign 
mixed tumor is shown separated from nor- 
mal parotid acini by connective tissue. 
The cyst is filled with a myxoid-like 
material containing scattered stellate- 
shaped cells. (HPS, x 63) 


E 


eliminate “seeding” and incomplete re- 
moval of the tumor. 


Mucoepidermoid tumors comprise ap- 
proximately 6% of all salivary gland tu- 
mors and are most common in the pa- 
rotid gland. Their clinical presentations 
range from that of a benign, painless 
movable mass to that of a painful in- 
vasive tumor which in the parotid gland 
may produce a facial nerve paralysis. 
There is a slight predominance of this 
neoplasm in females and it may occur 
at any time in life, but especially be- 
tween the fourth and fifth decades. 


These tumors are believed to arise 
from the large ducts of the salivary 
glands. They are all potentially malig- 
nant in that they may metastasize. Three 
grades of malignancy are defined:^* 
low, intermediate, and high. The well- 
differentiated or “low grade” carcinoma 
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Fig. 3. This low grade atis uie 
usters o 


glandular structures are seen. ( HPS, x63) 


histologically possesses cystic spaces 
lined by mucin-producing cells. Mitoses 
are rare and the cells are not pleomor- 
phic. The intermediate type is more 
cellular than the low grade tumors and 
has a tendency to form solid nests of 
cells. Pleomorphism is present as are 
occasional mitoses. The “high grade” 
variety of mucoepidermoid carcinoma 
shows anaplastic cells and considerable 
mitoses. Treatment consists of surgical 
removal of the primary tumor with ade- 
quate margins of resection and radical 
neck dissection if palpable lymph nodes 
are present or if the primary tumor is 
a "high grade" mucoepidermoid carci- 
noma.? 


In 1969, Turnbull and Frazell* re- 
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TABLE 1. BILATERAL PAROTID ` 
TUMORS* 

No. 

Tumor Type Patients 
Warthin's tumor 1 19 
Benign mixed tumors 2 
Benign oncocytomas 1 
Lymphoepithelial lesion 2 
Total . 24 


*In series reported by Turnbull and FrazeH.* F 
T ES ESAME, , © a 
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ported 2,072 major salivary gland tumors 
at Memorial Hospital'in New York City. 
One thousand eight hundred five were 
parotid gland tumors. It was the only 
gland to show multifocal involvement, 
and bilateral tumors were present in 24 


patients (Table 1). 


Only three patients in this series had 
multiple tumors of different histopatho- 
logic types in the same parotid gland. 
These included: 1). benign mixed tumor 
and schwannoma; 2) arthin's tumor 
and malignant míxed.tumor; and 3) be- 
nign mixed tumor and adenocarcinoma. 

There are only four additional cases 
of multiple unilateral parotid jtumors 
found in the literature to date, bringing 
the total number: of. ‘casés to seven. 
These are summarized ‘in Table 2. 

Belding and Page,'? and Spiro et al'! 


TABLE 2. MULTIPLE UNILATERAL 
PAROTID TUMORS REPORTED TO DATE 


Author 





Tumor Type 





Turnbull and Benign mixed tumor and 
Frazell* schwannoma 
Warthin's tumor and ma- 
lignant mixed tumor 
Benign mixed tumor and 
adenocarcinoma a^ 
De LaPava Squamous cell carcinoma 
et al” and Warthin’s tumor 
Gadient and Mucoepidermoid carcinoma 
Kalsayan? and Warthin's tumor 
Gaynor and Benign, mixed tumor and 
Hershberg™ NVarthin's tumor 
Lumerman Mucoepidermoid carcinoma 
et al” and Warthin's tumor 


have reviewed smaller series of patients 
with parotid tumors and have not re- 
ported any multiple parotid tumors. 
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NASAL HEMANGIOMA OF PREGNANCY 


Donatp L. Kent, MD 


James E. FrrzwATER, MD 


West Point, New York 


The nasal hemangioma of pregnancy is an uncommon but impressive cause of epistaxis. 
One patient with this condition recently treated at the Keller Army rcp West Point, ex- 
emplifies the problems encountered in the diagnosis and treatment of this puzzling disorder. Ft 


Exuberant vascular tissue associated 
with pregnancy has been reported un- 
der several names including: granuloma 
gravidarum, gingivitis gravidarum, preg- 
nancy tumor, and hemangioma of preg- 
nancy. When the condition is seen in the 
oral cavity it may present as nonspecific, 
increased vascularity or as a localized 
“pregnancy tumor." Ziskin et al* found 
three cases of “pregnancy tumor of the 
gingiva” among 416 women with preg- 
nancy gingivitis. A Danish study? of 182 
women found only one such tumor pres- 
entation. Barter et al? report a case of 
gingival hemangioma among a series of 
hemangiomas from multiple sites. The 
largest series of 16 oral “pregnancy tu- 
mors” is that of Blum, published in 
1931;* however, this series contains tu- 
mors other than hemangiomas. 


Hemangiomas of pregnancy occurring 
in the nose are also uncommon. Al- 
though review of the literature shows 
only three cases," it is difficult to de- 
termine the true incidence since some 
physicians consider these to be reactive 
phenomena rather than true neoplasms.* 


The patient recently treated on the 
otolaryngologic service at the Keller 
Army Hospital exemplifies the problem 
encountered with the diagnosis and 
treatment of this condition. 


CASE REPORT 


V.C. is a 42-year-old Caucasian fe- 
male, gravida 3, para 2, abortus 0, who 
was first seen by the otolaryngology 
service at Keller Army Hospital, West 
Point, for severe, episodic, left-sided 
epistaxis in September 1977. At that 


time she was in the second trimester of 
pregnancy. During her two preceding 
pregnancies she had noted a similar 
left-sided nasal hemorrhage which had 
disappeared during the. postpartum 
period. The previously noted masses had 
been smaller and the associated epis- 
taxis less significant. ^ 


Physical examination demonstrated a 
lx 1 cm pedunculated lesion partially 
filling the left nasal vestibule and ema- 
nating from the region cf Kiesselbach's 
plexus. No adjacent telangiectasia was 
noted. Hemoglobin was 12.8 gm and the 
remaining laboratory examinations in- 
cluding coagulation profile were within 
normal limits. This lesion was removed 
from the septum under local anesthesia 
using a polyp snare. Electrocautery was 
applied to the base, There was moderate 
postoperative heniorrhage «which was 
controlled with petrolatum gauze pack- 
ing for two days. Histologic examina- 
tion on the specimen showed “acutely 
and chronically inflamed granulation 
tissue.” 


Two weeks after the excision the pa- 
tient returned to the. office with, a re- 
currence of the lesion. At this time it 
measured 1.5.x 1.5 cm and was fleshy 
and friable. She was also complaining of 
severe epistaxis at that time. Treatment 
was limited to the control of the epis- 
taxis in order that further surgical treat- 
ment could be deferred until the con- 
clusion of the pregnancy. 


The lesion grew steadily during the 
remaining five months of the pregnancy. 
At term it measured 2.5 x 3.0 cm on a 


From the sections of Otolaryngology and Pathology, Keller Army Hospital, West Point, 


New York. 
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Fig. 1. Intraoperative photograph show- 
ing the tumor arising from the nasal sep- 
tum and obstructing the nasal cavity. The 
tip has been traumatized and denuded. 


0.3 em base and totally obstructed the 
left vestibule (Fig. 1). The mass con- 
tinued to grow in the postpartum period 
and surgical excision under general anes- 
thesia was advised. At surgery, per- 
formed in January 1978 (seven weeks 
postpartum), a left mucoperichondrial 
flap was elevated from the nasal sep- 
tum. The lesion did not involve the sep- 
tal cartilage and was removed with the 
adjacent soft tissues. No cartilage was 
removed. The mucosal defect was closed 
by advancement of the regional septal 
mucosa. The patient has had no recur- 
rence of the lesion during the ten-month 
postoperative period. There has been no 
DNUS slough of mucosa or carti- 
age. 


Pathology. 'The first biopsy specimen 
demonstrated acute and chronic inflam- 
matory cells within a loose edematous 
stroma and was interpreted as granula- 
tion tissue. The second specimen, repre- 
senting a total excision, consisted of two 
fragments of rubbery brown-tan tissue 
which measured 2 x 3 cm in aggregate. 
The shape was that of a mushroom with 
the bulk of the mass connected to the 
septum by a small pedicle (3 mm in 
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Fig. 2. A) Tumor composed of vascular channels of varied size with moderately 
cellular intervening stroma. The epithelium shows a junction of respiratory and stratified 
squamous types (H & E, X160). B) Irregular vascular channels containing erythro- 
cytes. The stroma contains chronic inflammatory cells in addition to cells of fibrocytic 
origin (H & E, X250). 
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diameter). The external and cut surfaces 
were smooth and uniform. Microscopic 
sections (Fig. 2 A,B) showed a mass 
composed of irregular vascular channels 
mostly of capillary size and moderately 
cellular intervening stroma which con- 
tained occasional plasmacytes and histi- 
ocytes. Polymorphonuclear leukocytes 
were infrequently seen, with the excep- 
tion of the tip of the lesion which had 
become denuded and acutely inflamed; 
this area was similar in character to the 
original specimen. The overlying epi- 
thelium varied from respiratory type 
near the base to stratified squamous 
type over the bulk of the tumor. There 
was no epithelial dysplasia or acanthosis. 


DISCUSSION 


The lesion removed from this patient 
is histologically similar to those de- 
scribed in the literature.* It is difficult 
to state whether such lesions represent 
true neoplasms or reactive phenomena 
following local trauma. No endocrine 
disorders have been associated with 
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these masses. Characteristically” these | 
lesions appear in the oral or nasal cavity ` 


during the early months of pregnancy 
and involute following termination of 
pregnancy. Nasal obstruction, excessive 
bleeding, or failure to -inyolute may 
prompt surgical excision. . — « 


On the basis of the histology and the 
documented recurrence we feel that the 
lesion in our patient was a true heman- 
gioma. Hemangiomas in other sites are 


histologically and clinically similar, ale ` 


though they sometimes recur if not com- 
pletely excised. However, whether this 
lesion is reactive or neoplastic, the re- 
sultant functional impairmént and ten- 
dency toward bleeding require the at- 
tention of the otolaryngologist and the 
pathologist. Careful local excision should 
prevent recurrence of this lesion and 
should also provide a specimen for 
definitive pathologic examination. This 
additionally helps to exclude malig- 
nancy with an enlarging or bleeding 
nasal mass. 
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MUCOSUBSTANCES IN OTITIS MEDIA WITH EFFUSION 


Jorn M. BznNsrEiN, MD, PhD 
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E. RusseLL Hayes, PhD 


BUFFALO, New YORK 


Histochemical localization of sialomucins and sulfated polysaccharides have been demon- 


=» strated in the mucous membrane of the middle ear in different middle ear effusions. Inasmuch 


*as a more neutral stain with alcian blue-PAS is still present after treatment with neuraminidase, 
it is strongly suggested that neutral polysaccharides coexist with neuraminic acid in the middle 
ear glycoproteins. Sulfated polysaccharides are present only in the mucoid effusions. The use 
of precise nomenclature for mucosubstances is strongly recommended and is outlined. The na- 
ture of:the specificity of the histochemical stains is discussed. 


By the use of various histochemical 
techniques, mucosubstances in the mu- 
cous membrane in chronic otitis media 
and otitis media with effusion (OME) 
have been demonstrated by numerous 
investigators."? One difficulty encoun- 
tered in the analysis and reporting of 
information regarding mucosubstances 
is the paucity of chemical information 
provided by the terms employed. This, 
in turn, leads to a proliferation of ter- 
minology as disparate investigators re- 
port their findings. As Gottschalk" stat- 
ed, *each author defines mucopolysac- 
charides and mucoproteins in his own 
way; resulting in great confusion of the 
true meaning, if any, of these terms." 
Spicer et al,’ in a review of this prob- 
lem in 1965, proposed a schema of 
generic terms for the various types of 
mucosubstances. However, it is incum- 
bent upon the investigator, while using 
generic terms, to possess a clear appre- 
ciation of the specific structures respon- 
sible for the various histochemical re- 
actions. 


Furthermore there have been no re- 
ports on the mucosal histochemistry 
from different middle ear effusions nor 
is there data on the possible effect of 
pH on the staining quality of middle 
ear mucous membrane in different types 
of effusions. Finally there is no informa- 
tion on the affect of various enzymes 
such as neuraminidase on the staining 
properties of epithelial mucus and glan- 
dular mucus in OME. 


*Behring Diagnostics, Summerville, NJ. 


METHODS AND MATERIALS 


Eighteen middle ear mucosal biopsies were 
obtained at the time of therapeutic myringot- 
omy or exploratory tympanotomy in patients 
with different types of OME. A listing and 
definitions of the fluid types as observed in 
our laboratory are presented in Table 1^ The 
modified classification is based mainly on 
studies presented by Senturia.^" 


Biopsies were fixed in 10% buffered neutral 
formalin and paraffin sections cut at 6 “m. 
For routine histology, some sections were 
stained with Harris’ hematoxylin and eosin Y. 
Toluidine blue (0.1% aqueous, pH 3.5, for 
five minutes) and azure A (0.1% aqueous, for 
one hour) were used to demonstrate meta- 
chromasia. 


Sections were also stained for 20 minutes 
with a solution of 1% alcian blue 8GS in pH 1 
acetic acid, followed by a pH 1 acetic acid 
rinse. Other sections were stained with 1% 
alcian blue in pH 3 acetic acid for 20 minutes. 


The periodic acid-Schiff (PAS) reaction 
was that of Lillie" and was used alone and 
in combination with alcian blue staining at 
pH 3 and pH 1. When the combination pro- 
cedure is used, a magenta color means PAS- 
positivity with no staining with alcian blue, 
that is, neutral mucosubstances with no ad- 
mixture of acidic mucosubstances. A purplish 
color with AB(pH 3)-PAS means some mix- 
ture of acidic substances that stain with AB. 
If these stain at pH 3 but not a pH 1, carboxyl 
groups are responsible, while staining at pH 1 
indicates sulfated mucosubstances. 


Sections were incubated in 0.1% neuramini- 
dase.? The commercial preparation was diluted 
to 100 ug/ml in a pH 5.5 sodium acetate buf- 
fer (0.05 M); sodium chloride 9 mg/ml and 
calcium chloride 1 mg/ml were added to the 
buffer solution. Sections were incubated in the 
enzyme solution and in the buffer alone as a 
control for 15 hours at 37 C. All slides were 


, From the Departments of Otolaryngology and Anatomical Sciences, School of Medicine, State 
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Fig. 1. Middle ear mucosa biopsy from a patient with a mucoid effusion. Alcian blue, 
"x bon PAS reaction. Strong alcianophilia of mucosubstances in the epithelial cells. 
X20! 


Fig. 2. Same biopsy as Fig. l. Alcian blue, pH 1, and PAS reaction. Alcian blue 
staining still strong, indicating probable presence of sulphated mucosubstances. (X200) 


Fig. 3. Middle ear mucosal biopsy from a patient with a serous effusion, showing 
submucosal glands. Alcian blue, pH 3, and PAS reaction. At this pH, mucosubstances 
in the secretion stain with alcian blue. (X500) 


Fig. 4. Same biopsy as Fig. 3. Alcian blue, pH 1 and PAS reaction. The mucosub- 
stances of the secretion do not stain with alcian blue at this low pH, indicating that the 
stainable material in Fig. 3 was probably carboxylic ion. (X500) 5 


Fig. 5. Middle ear mucosal biopsy from a patient with a mucopurulent effusion 
demonstrating submucosal glands. Alcian blue, pH 3, and PAS reaction. Note alciano- 
philic material in the secretion. (X200) 


Fig. 6. Same glands as Fig. 5. Alcian blue, pH 3, and PAS reaction after digestion 
in neuraminidase. Some of the alcianophilic material has been removed by the enzyme 
so that the PAS reaction can be seen as the more magenta color. This indicates that 
some of the alcianophilic material was probably sialic acid. (X200) 


Fig. 7. Middle ear mucosal biopsy from a patient with a mucoid effusion showing 
a submucosal an Toluidine blue staining, pH 1. The purple indicates metachromatic 
materials (acidic mucosubstances) in most of the epithelial cells. ( X200) 


Fig. 8. Lamina propria of mucosa of a middle ear biopsy from a patient with a mu- 
coid effusion. Alcian blue, pH 1, and PAS reaction. Note the two blue staining mast cells. 
The other PAS-positive cells are mostly macrophages. (X200) 
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TABLE 1. CLASSIFICATION OF MIDDLE EAR EFFUSIONS 
% Positive 
Average No. Bacterial 
Type Description Cells/ml Cultures 
Serous Straw colored, low viscosity, few 25 x 10° 50% 
neutrophiles, few mononuclear cells; 
lowest viscosity 
Mucopurulent Cloudy yellow, low viscosity, some 6 x 10 70% 
neutrophiles, many mononuclear 
cells; intermediale viscosity 
Mucoid Thick tenacious material, mainly 1.3 x 10° 60% 


mononuclear cells; highest viscosity 


then stained with 1% alcian blue and PAS at 
pH 3. 


RESULTS 


A complete summary of the histology, 
histopathology and histochemistry of 18 
middle ear mucosal biopsies is presented 
in Table 2. 


Ten specimens revealed low cuboidal 
epithelium. Tall columnar, ciliated epi- 
thelium was present in six biopsies and 
simple squamous epithelium in two. 
There appeared to be no correlation be- 
tween the morphologic epithelial types 
and the consistency of the fluid. Meta- 
plasia to a respiratory type epithelium 
with goblet cells and cilia was noted in 
one serous, one mucopurulent, and three 
mucoid effusions. 


The lining epithelium of the middle 
ear mucosa at the posterior-inferior 
promontory and the glandular epitheli- 
um associated with it almost always 
revealed positive staining with both PAS 
and alcian blue. In eight of nine biopsies 
from the middle ear in patients with 
mucoid effusions, the alcian blue stain 
appeared equally intense at pH 1 as 
pH 3 (Figs. 1 and 2). In contrast to 
this, the mucosa and glands from the 
mucous membrane in the serous effu- 
sions did not retain the blue stain at pH 
1 (Figs. 3 and 4). 


Findings in the mucous membrane 
cytochemistry in the ear with mucopu- 
rulent fluids were similar to the findings 
in the mucous membrane biopsies of 
the serous fluids. In the former type of 
fluid, only one specimen revealed dark 
blue staining at pH 1. The stain is lo- 
cated primarily in the apices of the cells 
of both the surface epithelium and the 
glandular epithelium and is consider- 
ably darker than the nucleus. The nu- 


cleic acid components of the nucleus 
picks up some alcian blue stain. Table 
3 summarizes the results of the. éyto- 
chemical findings in 18 middle oF mu- 
cosal biopsies. 


Neuraminidase changes the staining 
properties with the alcian blue — PAS 
stain from the dark blue characteristic 
of acid mucins to the magenta stain 
characteristic of neutral mucins (Figs. 5 
and 6). Metachromasia of the mucosub- 
stance of the epithelium occurs after 
staining with azure A and toluidine blue 
in all effusions (Fig. 7). Digestion of 
the tissue with neuraminidase prepared 
from Vibrio cholerae eliminates the 
metachromasia from azure A at pH 3 in 
the middle ear mucosa in all effusions. 
Such metachromasia reflects the pres- 
ence of acid mucins or, more specifical- 
lv, the presence of polyanions. This 
metachromasia is localized to the same 
sites that are positive for alcian blue 
staining. 


Mast cells retained toluidine blue 
metachromasia after the section was 
treated at pH 1 (Fig. 8). Such meta- 
chromasia indicates the presence of 
dense concentration of tissue anions, in 
this particular case, heparin sulfate. 


The predominant cell type in the 
lamina propria was the mononuclear 
cell. The basement membrane of the 
epithelium was prominent, and in- 
creased vascularity, edema, and fibro- 
blasts were evident particularly in the 
mucous membrane of mucoid effusions. 


DISCUSSION 


It has been suggested that a better 
understanding of the mucus secretion in 
chronic inflammation of the middle ear 
cleft may lead to improved methods of 
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TABLÉ 2. SUMMARY OF HISTOPATHOLOGY AND HISTOCHEMISTRY OF 18 
MUCOSAL BIOPSIES FROM DIFFERENT TYPES OF OTITIS MEDIA WITH EFFUSION 
(TISSUES STAINED WITH ALCIAN BLUE AND PAS) 














MP - Mucopurulent ; MC 
al; Trans - Transitional; Epith - Epithelium: 
only: acid mucosubstances; M - 


Patient Fluid ^ Surface Presence Mucosub. Mucosub. ^ Inflamm. 
No. , Type . Epithelium of Metapla. at pH 3 at pH 1 Cells 
1 S Sq-Cub. None B M Mono. 
cells 
2 S Col None B M Mono. 
scattered 
s Lu cells 
9 S Cub. "Trans. epith (ps- B M Scattered 
E j : st c col mono. 
D cells 
4 S Col None B M Mainly 
4 fibrous 
strands 
5 + S Cub. None B M Scattered 
: k mono. 
5e cells 
6 Y MP Simple Sq. None P M Scattered 
ate mono. 
^K. cells 
T MP: Cub. None B B Few 
& mono. 
ks ^ cells 
8 MP € Cub. None B Pur Many 
" mono. 
k. * cells 
9 MP ' Cub. Ps-st c col with B Pur Mono. 
A goblet cells cells 
10 MC Cub. Ps-st B B Mono. 
cells 
1l MC Cub. Ps-st with goblet B B Many 
cells mono. 
cells 
12 MC Cub, Ps-st B B Mono. 
cells 
13 MC Cub. None B B Mono, 
cells 
14 MC Col: ` None B B Mono. 
: cells 
15 MC Col , None B B Mono. 
' cells 
16 MC Col-Cub. None Pur Pur Mono. 
cells 
17 MC Tall col None B B Intense 
mono. 
‘ T Ns, infiltrate 
18 MC - Col * None B B Mono. 
+ cells 
Metapla. - Metaplasia; Mucosub. - Mucosubstances; Inflam. - Inflammatory; S - Serous; 


- Mucoid ; Sq-Cub. - Squamo-cuboidal; Col - Columnar; Cub. - Cuboid- 
Ps-st - Pseudo-stratified ; 
Magenta — PAS + only: neutral mucosubstances; P - Pink; 


Blue = Aleian blue 


Pur - Purple = PAS + staining with AB: acidic mucosubstances and A neutral mucosubstances ; 


Mono - Mononuclear. 


therapy in this disease as well as an 
understanding of a common cause of 
sensorineural hearing loss.'? It is, there- 
fore, imperative that one understand 
clearly the nature of the mucosubstances 
in the middle ear fluids and mucosa 
There has been confusion in the oto- 


laryngological literature in regard to the 
term “mucopolysaccharides.” This is not 
entirely the fault of the clinical investi- 
gator because the terms "glycoprotein" 
and “mucopolysaccharide” have been 
used interchangeably by the basic sci- 
entist for many years.?? It is, therefore, 
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TABLE 3. HISTOCYTOCHEMICAL 
FINDINGS IN DIFFERENT MIDDLE EAR 
EFFUSIONS USING ALCIAN BLUE + PAS 








Glands and Glands and 





Type Epithelium Epithelium 
Fluid | No. pH 3 pH 1 

S 5 Blue 5 M 5 

MP 4 Blue 3 Purple 3 

M 1 Blue 1 

MC 9 Blue 8 Blue 8 

M 1 Purple 1 


not surprising that the otologic literature 
has accepted the concept that PAS and 
alcian blue stain for neutral and acid mu- 
copolysaccharides, respectively. This 
concept is not correct. The terms “muco- 
polysaccharide" and "glycoprotein" must 
be specifically defined. 


Widely distributed throughout the 
animal body in connective tissue are a 
group of heteropolysaccharides, each of 
which contains an N-acetylated hexos- 
amine and its characteristic uronic acid 
derivative. These repeating disaccha- 
ride units are usually connected to a 
polypeptide via a xylose sugar linkage.* 
In general, the ratio of carbohydrate to 
protein is much higher with mucopoly- 
saccharides than with glycoproteins. 
However, the characteristic compound 
present in the mucopolysaccharide is the 
C6 carboxyl group of the uronic acid. 
The most abundant member of this 
group is hyaluronic acid. 


These compounds are unbiquitous in 
connective tissue, cartilage, bone and 
skin. Other mucopolysaccharides are 
chondroitin sulfate, heparin, dermatan 
sulfate and keratin sulfate. It has recent- 
ly been demonstrated that uronic acids 
and mucopolysaccharides are not found 
in middle ear secretions.'? One can safe- 
ly say that mucopolysaccharides are not 
found in epithelial mucins because 
uronic acids have not been demonstrated 
in the middle ear fluid, nor, for that 
matter, have they been demonstrated in 
any other epithelial mucins such as 
colonic, gastric, and submaxillary mucus 
and mucus of the nasopharynx.’ 


Glycoproteins are a diverse group of 
compounds which may contain a charac- 
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teristic group of sugars that include D- 
galactose, D-mannose, D-glucose, L- 
fucose, D-xylose, N-aeetyl-D-glucosa- 
mine, N-acetyl-D-galactosamine and 
various derivatives of neuraminic acid.!? 
These substances | include .enzymes, 
hormones, collagens, antibodies, plasma 
proteins and most important for our dis- 
cussion, epithelial mucins. Again, it is 
emphasized that glycoproteins, by defi- : 
nition, do not contairi uronic acids. Sialic 
acids, hexoses and: hexosamine and fu- 
cose are found in the. middle ear 
fluid.'*** The mucus in the middle ear 
is, therefore, glycoprotein by definition. 


It would be well to review the nature 
of histochemical procedures., Periodic 
acid oxidizes vicinal glycols;in neutral 
polysaccharides to aldehyde groups. 
The aldehyde group may-then be local- 
ized with an aldehyde seagent such as 
Schiffs fuchsin-sulfuroug acid." Those 
polysaccharides in whith there are free 
hydroxyl groups, alpha-amino groups or 
alpha alkyl amino groups, on two adja- 
cent carbon atoms such as- a neutral 
hexose or hexosamine, are positive re- 
active to the periodic acid-Schiff or 
PAS reaction. In this test, the groups 
mentioned above are oxidized to alde- 
hydes by periodate, which is unable to 
continue oxidation further. The result- 
ing dialdehyde reacts readily with the 
Schiff reagent to-produce a stable com- 
plex. Such neutral sugar residues as glu- 
cose, galactose, mannose, fucose or hex- 
osamines will all react stain with PAS. 


Alcian blue isa dye used in the textile 
industry. The exact formula is not avail- 
able, but it is thought to be a copper 
phthalocyanine compound ‘with an iso- 
thiouronium substitution?! The: isothi- 
ouronium radicals*are not part of the 
chromaphore, but serve only to bind the 
blue pigment to an appropriate sub- 
strate. Thus, the positively charged car- 
bon of the isothiouronium derivative 
produces a salt linkage with the nega- 
tively charged acid mucin present in the 
tissue. The latter may be in the form of 
a carboxyl group, a phosphate group or 
a sulfate group. Alcian blue dye will, 
therefore, localize nonspecifically any 
acid glycoprotein because of the sulfate, 
phosphate or carboxyl group present. 


*Ball O: Personal communication, SUNYAB, July 17, 1974. 
**Bernstein JM, Cunningham R: Unpublished data, 1975. 
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The latter may be'any of a number of 
biologically important substances found 
in the mucous membrane of the middle 
ear, such as immunoglobulins, epithelial 
mucins, and blood group substances. 
Thus, like PAS, which is nonspecific for 
neutral mucosubstances, alcian blue is 
nonspecific for acid mucosubstances 
which possess a strong negative charge. 


The results of this’ study suggest that 
sialic acid:is probably present as a ter- 
minal polysaccharide group in some gly- 
coproteins of.the middle ear in all types 
of effusions, inasmuch as neuraminidase 
abolishes the metachromasia presented 
with azure A and toluidine blue and 
changes the, blue color of acid mucins to 
the magenta color of neutral mucins. 
Sulfated polysaccharides are probably 
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present in the middle ear mucosa of 
mucoid effusions because it is unlikely 
that aleian blue would be retained in a 
salt linkage with anything but a strong 
anion such as a sulfate at pH of 1. Fur- 
thermore neutral sugars, may be ter- 
minal sugars in the mucous membrane 
of serous effusions because of the ma- 
genta stain produced by PAS at pH 1 
and pH 3. 


Based on the data presented here, 
it is suggested that the mucosubstances 
in serous and mucoid fluids are differ- 
ent. These differences could have clini- 
cal implication particularly in regard to 
the relative difficulty in which the mu- 
cociliary system is able to clear the 
middle ear in different types of effu- 
sions,** 
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Despite the reduction in incidence of acute suppurative otitis media since the introdugtion 
of antibiotics, the incidence of chronic middle ear effusion and chronic otitis, media have’ not 
experienced a similar reduction. Eustachian tube dysfunction is believed to be a principal eti- 
ological factor in these cases. The inflation-deflation technique to measure tubal function has 
shown promise in a number of laboratories, and is the basis for our present studies. Traditional 
application of this technique has been to document the capability of patients with chronic otitis 
media to equilibrate an induced positive or negative pressure. These patients are compared to a 
control group of patients with recent traumatic perforation, negative otologic histories, and nor- 


mal tympanograms in the uninvolved ear. We h 


ave applied this test to observe its relationship 


to successful take of a tympanic membrane graft. The overall pattern of ‘our results suggests 
that the capability to reduce an induced negative pressure is most frequently associated with 
successful tympanic membrane closure. However, compromise or even total failure to reduce an 
induced negative pressure does not preclude successful grafting: of the tympanic membrane; 


nor should such failure to reduce negative pressure b 


this technique serve as a contraindica- 


tion to surgery. Our results do suggest that during induced positive pressure application, spon- 
taneous opening of the eustachian tube at opening pressures below +150 mm H:O may be dis- 


criminatory between success and failure. 


Renewed interest in the physiology 
and pathophysiology of the eustachian 
tube has been stimulated by the persis- 
tent incidence of middle ear effusion 
and chronic otitis media, and the sophis- 
tication in current middle ear recon- 
structive surgery. Several sets of data 
have been presented to support the 
premise that the pathogenesis of middle 
ear disorders involves two mechanisms; 
1) a mechanism inducing negative mid- 
dle ear pressure,'? and 2) pathophvsio- 
logic changes associated with an inflam- 
matory mucosa. !* 


Tubal dvsfunction, whether morpho- 
logical or functional in cause, may in- 
duce both an increase in secretory ac- 
tivity and concurrent hvdrostatic tran- 
sudation. The variabilitv with which 
these effects are manifested, influences 
and alters the composition and charac- 
teristics of the effusion. Similarly, mu- 
cociliary activity may be compromised, 
causing further retention of fluid. In- 
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flammatory changes in the tissues sur- 
rounding the tubẹ:may alter its compli- 
ance and facilitate what has been called 
"locking" mechanisms.??* 


The inflation-deflation test originally 
described by Flisberg et al'* measures 
the capability of the eustachian tube to 
equilibrate an induced negative or posi- 
tive pressure in the middle ear by deg- 
lutition. Of fundamental interest is the 
degree to which this test of tubal venti- 
latory function furnishes an objective 
basis for predicting success of a tym- 
panic membrane graft take in tympano- 
plasty. This report reviews our experi- 
ence with the inflation-deflation test for 
evaluating. the: ventilatory function of 
the eustachian tube. 


METHODS, AND MATERIALS 


Equipment. The motorized pump-mano- 
meter section of.an electroacoustic impedance 
bridge (Madsen, Z072) was utilized for the 
study. The system comprised a motorized air 
pump and an electromanometer scaled +400 
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mm H:O; pressures above or below ambient 
pressure could be applied to the ear under in- 
vestigation. An outlet'at the rear of the bridge 
allowed connection to:an X-Y recorder ( Mad- 
sen M501). : 


Testing Procedure. All examinations were 
performed by the same tester on patients in 
the sitting position. The instrument probe-tip 
was insetted into the external auditory canal 
and an airtight seal established. 


First, a negative pressure was created to a 
maximum of —200 mm H:O, and an attempt 
~ to, equilibrate this pressure was encouraged 
by*open-nose swallowing. The residual nega- 
tive pressüre beyond which no further equili- 
bration could be.affected by swallowing was 
recorded. The strip recording also allowed 
quantitating the pressure drop per swallow. 


Next, a positive pressure was created to a 
maximum of .+-200 mm. H:O. Occasionally 
the eustachian tube opened passively before 
a pressure of +200 mm H:O could be reached 
and the pressure in. the system fell until the 
eustachian tube closed again. If the, pressure 
following passive opening.of the tube did not 
reach zero, or a +200 mm H,O could be 
maintained, reduction of this positive pressure 
was attempted by giving the patient water to 
sip and the instruction to swallow with an 
open nose, The residual pressure beyond which 
no further decrease. in pressure could be af- 
fected by swallowing. was recorded, 


Eustachian tube function was categorized 
according to the following criteria: the capa- 
bility to equilibrate —200 mm H.O to from 
0 to —40 mm H:O residual: pressure by re- 
peated deglutition was considered normal. The 
capability..to partially equilibrate a negative 
pressure of —200* mm H:O, but havine a re- 
sidnal pressure of from —41 to —100 mm 
H.O, was considered to have mild tubal dys- 
function. A residual negative pressure of more 
than. —100 mm H.O was considered poor 
tubal dysfunction; these ears were divided 
into two subgroups. In one suhoronp patients 
were capable of partially equilibrating a neg- 
ative pressure, but having a residual negative 
pressure of —100 to —199 mm H.O. In the 
second subgroup, patients demonstrated a 
total incapacity to reduce any of the —200 
mm H.O and were considered to have undem- 
onstrable tubal function. Failure to reduce a 
residual positive pressure was interpreted as 
mechanical intraluminal obstruction." 


Patient Material. The: purpose of this re- 
port is to correlate successful closure of tym- 
panic membrane perforations with preopera- 
tive eustachian tube function measured by the 
inflation-deflation test. 


Our previens communication" reported the 
eustachian tube function in 92 ears of 76 pa- 
tients with central or marginal perforations. 
The perforations were the result of recent, 
but not acute, trauma er chronic otitis media 
without cholesteatoma. The ears with traumatic 
perforations were utilized as controls because 
of otherwise negative otologic histories and 
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normal tympanograms in the uninvolved ear. 
Ears with perforations which resulted from 
chronic otitis media were considered candi- 
dates for tympanoplasty if they presented dry 
or became dry under medical management 
and remained so for at least one month, There 
were two or three exceptions in whom were 
present an anterior perforation and intermit- 
tent mucoid drainage, Of the original 92 ears 
evaluated with this test, we have been able 
to follow 55 ears for two or more years after 
tympanoplasty. Of the 55 ears followed for 
two or more years after tympanoplasty, 16 
operated ears of 16 patients had perforation 
as a result of trauma; all the patients were 
over 14 years of age. Thirty-nine ears of 35 
patients had perforations because of chronic 
otitis media without cholesteatoma; 21 of the 
operated ears for chronic otitis media were in 
patients between 8 and 14 years of age, and 
18 were in patients over 14 years of age. 


Tympanoplasty procedures were performed 
by several surgeons. These surgeons utilized 
medial or lateral grafting techniques, utilizing 
fascia in accordance to their judgement and 
preference. Mastoidectomy was not performed 
routinely; but when performed, was usually 
in patients with hypertrophic mucosa in the 
middle ear. Patients with traumatic perfora- 
tions often had spontaneous closure of their 
tympanic membrane perforation. 


RESULTS 


Sixteen operated ears of 16 patients 
had perforations resulting from trauma 
(Table 1). Successful closure was ob- 


TABLE 1. CLOSURE TECHNIQUE AND 
SUCCESS RATE FOR TRAUMA (N = 16) 
AND CHRONIC OTITIS MEDIA (N = 39) 








Success Rate (%) 





Etiology of Perforation Success Failure 
Trauma 94 6 
Chronic otitis media 82 18 


tained in 94% of this control group with 
traumatic perforations. There was one 
failure in this group. In the experimental 
group, ie. patients with chronic otitis 
media, we had successful closure in 
82% and a failure rate of 18%. Thus, the 
success rate is roughly equivalent in the 
two groups. 


We looked at the results of tympanic 
membrane closure in traumatic perfora- 
tions in terms of the preoperative capa- 
bility to reduce induced negative pres- 
sure (Table 2). A range of residual 
negative pressure from complete ability 
to reduce the negative pressure to total 
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TABLE 2. TYMPANIC MEMBRANE 
CLOSURE IN PATIENTS' EARS WITH 
TRAUMATIC PERFORATIONS 
SEGREGATED ACCORDING TO 
PREOPERATIVE RESIDUAL NEGATIVE 
PRESSURES (N = 16) 


TABLE 3, TYMPANIC MEMBRANE 
CLOSURE IN PATIENTS’ EARS WITH 
QUIESCENT OTITIS. MEDIA 
SEGREGATED ACCORDING TO 
PREOPERATIVE RESIDUAL NEGATIVE 
PRESSURE (N = 39) 








Success Rate 
Residual Negative 


Pressure (mm H,O) Success Failure 





0 to —40 4 0 


—41 to —100 1 1 
—101 to —109 5 0 
2200 5 0 


inability to reduce any of the pressure 
was observed. Ten patients were in a 
range that could be considered to have 
marginal tubal function; five of these 
patients showed total failure to equili- 
brate any of the negative pressure. 
These ten patients had successful clo- 
sure of their perforation. The one failure 
was in the group that could be con- 
sidered to have marginal satisfactory 
tubal function. 


We examined the success of tympanic 
membrane closure in patients with 
quiescent otitis media in terms of the 
patient's ability to reduce an induced 
negative pressure ( Table 3). Thirty-nine 
operated ears of 35 patients have been 
followed for two or more years. These 
patients also had manifested a range of 
residual negative pressure from com- 
plete ability to reduce that pressure to 
total inability to reduce any pressure. 
It is of interest to note that in this group, 
seven patients with successful tympanic 
membrane closure manifested a residual 
negative pressure between — 101 and 
—200 mm H.O and that 12 patients 


Success; Rate 
Residual Negative te 24 
Pressure (mm HO) Success: Failure 








0 to —40 19: 58 0 ,. 
—40 to —100 pyo* iO 
—101 to —200 Tw 8 
7200 19 4 


with successful. closure had total inca- 
pacity to reduce any. induced negative 
pressure. However, the closure failures 
in this group were among those. patients 
manifesting what may. be considered 
compromised tubal function. ` 


We separated the 19 ears with chronic 
otitis media which were dry on presen- 
taticn from. 20 ears. which present- 
ed wet and tumed dry subsequent to 
medical management: (Table 4). These 
latter ears also had a history of frequent 
episodes of drainage preoperatively. Of 
the 19 ears which were dry on presen- 
tation and .had. only rare periods of 
drainage, ten could reduce an induced 
negative pressure to less than «40 mim 
H.O, whereas nine had residual nega- 
tive pressures of greater than — 101 
mm H,O. Seven in this latter group had 
successful closures. These ears are com- 
pared to the 20 ears with frequent epi- 
sodes of drainage and presenting wet 
but tested when their drainage was con- 
trolled on medical management. Note 
that only three of these ears obtained a 
residual negative pressure of less than 


TABLE 4. TYMPANIC MEMBRANE CLOSURE IN PATIENTS WITH QUIESCENT 
CHRONIC OTITIS MEDIA PRESENTING DRY VS THOSE PATIENTS’ EARS INITIALLY 
PRESENTING WET SEGREGATED ACCORDING TO PREOPERATIVE RESIDUAL 

NEGATIVE PRESSURE Da 








Presenting Dry, 
Tested Dry (N = 19) 


Residual Negative 


Presenting Wet, 
. Tested Dry (N = 20) 





Pressure (mm H,O) Success Failure Success Failure E 
0 to —40 10 0 2 0 
—41 to —100 0 0 1 0 
—101 to —200 5 0 2 3 
> 200 2 2 10 2 
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TABLE 5. TYMPANIC-.MEMBRANE CLOSURE IN PATIENTS’ EARS WITH QUIESCENT 
CHRONIC OTITIS MEDIA SEGREGATED ACCORDING TO PREOPERATIVE RESIDUAL 
NEGATIVE PRESSURE AND AGE (N = 39) 

















Ages 4-14 Over Age 14 
Years (N = 21) Years (N = 18) 
Residual Negative 
Pressure (mm H,O) Success Failure Success Failure 
l 0 to —40 5 0 7 0 
—41 to —100 0 0 9 0 
—101 to — 200 5 2 1 1 
: 2,200 7 2 5 2 


—100 mm H,O. Yet of the 17 ears 
manifesting: greater than —101 mm 
H,O residual pressure, 12 had success- 
ful tympanic membrane closure. 


We evaluated age as a factor influ- 
encing tubal function and successful 
take of the tympanic membrane graft 
(Table 5). Twenty-one of our operated 
ears were in patients between 4 and 14 
years of age, and 18 ears were in pa- 
tients over 14. It is noteworthy that age 
does appear to have some influence on 
the capability to reduce an induced 
negative pressure. Sixteen of 21 patients 
younger than 14 years of age demon- 
strated an inability to reduce an induced 
negative pressure to less than — 100 mm 
ILO. The five children who could re- 
duce an induced negative pressure were 
older than eight years of age ( Table 6). 
However, this adverse influence does 
not appear to preclude a successful out- 
come to tympanic membrane closure. 


The capability of our patients to re- 
duce an induced positive pressure was 


evaluated. All patients in our operative 
series could reduce an induced positive 
pressure to some degree spontaneously 
or by deglutition, though a range of 
residual positive pressure is shown by 
both groups ( Table 7). The only failure 
in the traumatic group, and five of the 
seven failures among those with chronic 
otitis media, had a residual positive 
pressure of less than +100 mm H.O. 
Age was not a factor in limiting the 
capability to reduce an induced positive 
pressure. Only two ears of patients with 
chronic otitis media with residual posi- 
tive pressures of greater than + 100 mm 
IT.O were younger than 14 years of age 
and both were among those with suc- 
cessful outcomes of tympanic membrane 
closure (Table 8). 


The ability to maintain an induced 
positive pressure, or the pressure at 
which passive spontaneous tubal open- 
ing occurred, was evaluated as a factor 
related to successful tympanic mem- 
brane closure (Tables 9 and 10). It is 
observed that successful closure occurs 


TABLE 6. RESIDUAL NEGATIVE PRESSURE (mm H:O) IN EARS OF PATIENTS 
YOUNGER THAN 14 YEARS OF AGE CORRELATED WITH SUCCESSFUL CLOSURE 


OF THE TYMPANIC MEMBRANE (N = 21) 








0 to —100 


Success Failure 


Success 


Number of Ears 


—101 to —200 > 200 


Failure Success Failure 
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TABLE 7. TYMPANIC MEMBRANE CLOSURE IN PATIENTS’ EARS SEGREGATED 
ACCORDING TO PREOPERATIVE RESIDUAL POSITIVE PRESSURE 











= 
Chronic Otitis 
Trauma (N = 16) Media (N = 39) 
Residual Positive 

Pressure (mm H,O) Success Failure Success Failure 

0 to +40 6 1 21 4 

+41 to +100 5 0 mw vil 

+101 to +199 4 0 4 2 

2900 0 0 0 0 


in ears which either can successfully 
maintain an induced positive pressure 
or open spontaneously; when opening 
spontaneously the opening pressures 
however, tend to be greater than + 150 
mm H,O in ears with successful closure 
of the tympanie membrane. On the 
other hand, of the eight failures in both 
groups, four ears had spontaneous open- 
ing pressures of less than +150 mm 
H.O. Age did not appear to be a sig- 
nificant factor influencing the spontan- 
eous opening pressure. Of seven ears 
with spontaneous opening pressures be- 
tween 0 and +150 mm H.O, three were 
in children younger than 14 (Tables 10, 
11). 


DISCUSSION 


Competent tubal ventilatory function 
is a presumed requisite to successful 
tympanic membrane grafting. Large 
series report surgical success in tympan- 
oplasty graft take ranging from S5 to 
957/57? in patients considered candi- 
dates for the procedure basically be- 
cause their perforations were dry and 


the mucosa exhibited normal or only 
mild pathology by microscopic examina- 
tion. The intent of this. investigation is 
to examine. the correlation between 
eustachian tube function as measured 
by the inflation-deflation test and suc- 
cessful take of a tympanic membrane 
graft. 


We compared tympanic membrane 
closure in ears with perforations result- 
ing from trauma, to ears with dry per- 
forations resulting from chronic otitis 
media. The traumatic perforations were 
utilized as controls because of negative 
otologic histories and normal tympano- 
grams in the opposite ears. Successful 
closure was observed in the traumatic 
group in 94% and in 82% of the experi- 
mental group with chronic otitis media. 
Thus, the success rate is roughly equiv- 
alent in both groups. 


When the results of tympanic mem- 
brane closure in traumatic perforations 
were correlated with preoperative capa- 
bility to reduce an induced negative 
pressure, a range of residual negative 


TABLE 8. RESIDUAL POSITIVE PRESSURE (mm H:O) IN EARS OF PATIENTS 
YOUNGER THAN 14 YEARS OF AGE CORRELATED WITH SUCCESSFUL CLOSURE 
OF THE TYMPANIC MEMBRANE (N = 21) 








0 to +100 


Success Failure 


Success 


Number of Ears 


+101 to +200 +200 


Failure Succéss Failure 
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. "TABLE 9. TYMPANIC MEMBRANE CLOSURE IN EARS WITH TRAUMATIC 


PERFORATION SEGREGATED ACCORDINC TO PASSIVE OPENING 
PRESSURE DURING APPLICATION OF INDUCED POSITIVE PRESSURE (N = 16) 








Maintained Induced 
Positive, Pressure 


Passive Opening Pressure (mm H:O) 





(+200 mm. H,O) +150 to +200 +100 to +150 +100 
Success ` 8 6 1, 0 
Failure ^ 0 0 1 0 


pressure was demonstrated. from com- 
plete ability to reduce the negative 
pressure to total inability to reduce any 
pressure (Table 2). The one failure in 
this group was in a, patient with margin- 
al satisfactory tubal function. Five ears 
with total inability to reduce any nega- 
tive pressure and another five -ears 
which mày be considered to have mar- 
ginally poor tubal function had success- 
ful take, of their graft.. This suggests 
that the capability to reduce a negative 
pressure Correlates well with successful 
take of a tympanic membrane graft. 
However, failure to.equilibrate negative 
pressure does’ not discriminate between 
success or failure-in take of a tympanic 
membrane grafts po 0 


“We examined successful tympanic 
membrane closure in patients with qui- 
escent otitis media in a similar way 
(Table 3). Our results in this group are 
similar to those with traumatic perfora- 
tions. Successful closure may occur de- 
spite compromised or total inability to 
equilibrate negative pressure. However, 
closure failures in this group were 
among patients manifesting com- 
promised tubal function. 


The overall pattern of our results 
from the total group suggests that com- 
promised or even total failure to reduce 
an induced negative pressure does not 
preclude successful tympanoplasty. Our 
results are also in general agreement 


with other similar studies.* Nor 
should such failure to reduce negative 
pressure by this technique serve as a 
contraindication to surgery. Yet it must 
be noted that residual negative pressure 
of greater than —100 mm H:O does 
suggest an adverse influence on success 
in tympanoplasty and that such a result 
indicates a guarded prognosis. 


Compromised capability to equili- 
brate an induced negative pressure, 
measured by the inflation-deflation test 
alone, cannot account for tympanoplasty 
failure when 49% of patients having suc- 
cessful closure manifest a residual nega- 
tive pressure greater than —100 mm 
H.O and 31% have total inability to 
reduce any negative pressure. Other in- 
fluences, such as what has been called 
“locking,” and the “negative dip" 
phenomenon, ^?^?* must limit the ca- 
pacity to reduce an induced negative 
pressure of the ge qnom of —200 mm 
H,O. A history of recurring drainage 
was present in six of our seven failures. 
Six patients were noted to have had 
recurring perforations in the anterior 
quadrant, and the drainage was mucoid 
or mucoid-purulent. Only one patient 
with a posterior perforation had recur- 
ring suppurative drainage. 


We attempted to examine the mu- 
cosal effects of repeated episodes of 
chronic otitis media on tubal function 
and success in tympanic membrane clo- 


TABLE 10. TYMPANIC MEMBRANE CLOSURE IN EARS WITH CHRONIC OTITIS 
MEDIA SEGREGATED ACCORDING TO PASSIVE OPENING PRESSURE DURING 
APPLICATION OF INDUCED POSITIVE PRESSURE (N = 39) 








Maintained Induced 
Positive Pressure 


Passive Opening Pressure (mm H:0) 





(+200 mm H:O) +150 to +200 +100 to +150 < +100 
Success 15 13 2 2 
Failure 1 3 2 1 
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TABLE 11. CAPABILITY OF EARS IN PATIENTS YOUNGER THAN 14 YEARS: OF AGE | 
TO MAINTAIN AN INDUCED POSITIVE PRESSURE (N = 21) 








Number of Ears : 


Maintain an Induced 
Positive Pressure 





Passive Opening Pressure (mm H:O) 


Age (Yr) (+200 mm H:O) +151 to +200 +101 to +150 0 to +100 
4 — 1 — — 
7 1 — 1 ENTRE 
8 — 2 — 5 — 
9 2 6 E á = 
10 l 1 — — 
11 I 1 — 1 
12 jl — — — 
13 — l — 1 


sure by comparing 19 ears in which dry 
perforations were found on presentation 
with infrequent episodes of drainage to 
20 ears which were wet on presentation, 
but which turned dry though having 
histories of repeated episodes of ear 
drainage (Table 4). It is noted that 17 
ears with histories of repeated drainage 
showed compromise in their capability 
to reduce an induced negative pressure; 
though 12 of these patients, nonetheless, 
had successful tympanic membrane 
closure, five of our seven failures were 
in this group. 


Though previous reports have sug- 
gested that the threshold for "locking" 
is at approximately —400 mm H.O in 
otherwise normal ears, associated ad- 
jacent pathological factors may aug- 
ment this "locking" phenomenon. Such 
factors as the compliance of the tube, 
the intrinsic obstructing influence of the 
quality, quantity and elasticity of any 
effusion present, venous congestion 
within the submucosa, and mucosal 
edema and hypertrophy may all com- 
pound the difficulty in achieving tubal 
opening and middle ear ventilation 
when the negative pressure is put to 
levels of — 200 mm H.O, even in ears 
that are quiescent and dry but, none- 
theless having chronic inflammatory 
changes. We suggest that variable ac- 
tivity of factors such as those cited 
above do compromise success in tym- 
panoplasty. These factors may also in- 
dependently compromise the tube's ca- 
pability to reduce an induced negative 
pressure of —200 mm H.O. However, 


our findings suggest. that the inflation- 
deflation test does not satisfactorily 
discriminate -these factors sufficiently 
that successful tympanic membrane clo- 
sure may be predicted solely by this 
test.!5-21 1 


Compromised middle ear ventilation 
due to tubal immaturity may be a factor 
in tympanoplasty failure. Few data are 
available, however.!?!^**?* Our results 
suggest an adverse influence on tubal 
function in children (Fables,5 and 6). 
However, while the capability to reduce 
an induced negative pressure, is again. 
shown to be associated with successful 
take of a tympanic membrane graft, 
failure to equilibrate such a negative 
pressure, regardless of age, does not dis- 
criminate between success and failure. 


Direct evidence for the effects of in- 
flammation on eustachian tube function 
is not available. The failure of the 
eustachian tube to open either passively 
or actively by deglutition when present- 
ed with an induced positive middle ear 
pressure, however is presumed to indi- 
cate intraluminal obstruction.!5?*?* As 
in other studies?? none of our patients | 
demonstrated total obstruction. id 


Inflammation has also been presumed 
to affect the mucosa of the eustachian 
tube causing an increase in functional 
tubal obstruction???? by limiting the ca- 
pability of the tensor veli palatini muscle 
to open the tube. It is inferred that 
inflammation affects such factors as the 
elastic properties of the eustachian tube 
and the properties of the mucus in the 
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lumen, thus adding to preexisting me- 
chanical or already existing functional 
obstruction. These studies suggested 
ears with functional tubal obstruction 
may manifest abnormally low or high 
spontaneous opening pressures.?*?? 


Although our technique did not allow 
us to evaluate abnormally high opening 
pressures, our, results did allow evalua- 


` tign of low “opening pressures. Our re- 


sults suggest that a spontaneous passive 
opening pressure between 0 and +150 
mm H:O may reflect the effects of in- 
flammation on tubal compliance, or a 
possible functional collapse of the tube 
( Tables 9 and 10). Furthermore, passive 
tubal opening at pressures between 0 
and +150 mm H.O may discriminate 
between success and failure in tympanic 
membrane grafting; three of seven of 
our failures in patients with chronic otitis 
media were in this group. 


Age did not appear to be a determi- 
nant in passive spontaneous opening 
pressures in our small patient popula- 


'tion. We broke down the 91 ears of 


patients younger than 14 to evaluate 

(it: functional tubal obstruction as re- 

ected by passive tubal opening pres- 
sures (Table 11). Three of 21 ears 
showed opening pressures less than 
+150 mm H,O in patients ages 7, 11, 
and 13 respectively; two of these ears, 
however, had successful closure of their 
tympanic membrane perforation. Only 
one of our patients was younger than 
seven years of age. However, this small 
population sample would suggest that 
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age alone, when between 7 and 13 years, 
does not significantly affect functional 
tubal collapse. 


It has been suggested that the appli- 
cation rate and magnitude of applied 
positive pressure may affect the passive 
opening pressure manifested by the 
eustachian tube.** Our technique utiliz- 
ing the pump-manometer section of an 
electroacoustic impedance bridge did 
not allow us to evaluate this parameter. 
Our technique also did not allow us to 
evaluate the effects of the speed of the 
application of negative pressure. These 
factors must await further study. 


CONCLUSION 


The original precept expressed by 
Pearlman in 1943 must be kept in 
mind.** The daily demands on the eusta- 
chian tube arise from slow and small 
changes in the air pressure of either the 
external ambient environment or from 
differential absorption of gases from the 
middle ear. Some persons exposed to 
sudden and large changes in pressure 
may have tubal failure to meet these 
great and sudden demands. However, 
tubal function in these patients may be 
adequate to meet ordinary demands. 
This is seen in some cases of barotrauma. 
Failure to achieve an aerated middle 
ear space in tympanoplasty arises from 
tubal failure to overcome the small slow 
pressure changes and to adequately 
ventilate the middle ear. The interpreta- 
tion and utilization of a quantitative test 
of tubal function must take this into 
consideration. 
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NECROTIZING SIALOMETAPLASIA OF THE NASOPHARYNX 
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MINNEAPOLIS, MINNESOTA 


.. 1 Necrotizing sialometaplasia is an uncommon salivary gland disease originally described by 
Abrams et al in 1973. The disease may occur wherever salivary gland tissue is found. Theories 
on the etiology of this disorder have been advanced, but never definitely determined. Treatment 
consists of adequate biopsy and observation until healing occurs at six to eight weeks. While 
the disease is considered benign, its similarity to more aggressive neoplasms can be both dis- 
turbing and misleading to the patient and the clinician. Such a case of necrotizing sialometa- 
plasia of the nasopharynx is presented to demonstrate the clinical and histological similarity of 
this disease to carcinoma. In this case, the patient first presented with a neck mass which could 
easily have been mistaken for a regional metastasis. The current literature is reviewed. 

1 $ 


Since the description by Abrams et al 
of'necrotizing sialometaplasia of the 
salivary glands, a total of 35 individual 
cases have been cited in the literature, 
including the case to be reported 
here.'^'* There is need for great care in 
the diagnosis of ulcerating lesions of the 
hard and soft palate as necrotizing sialo- 
metaplasia can easily be confused clini- 


^ »^«gally' and histopathologically with both 


mucoepidermoid carcinoma and squa- 
mous cell carcinoma. The diagnosis of 
carcinoma dictates aggressive surgical 
or radiotherapeutic treatment and car- 
ries with it psychological and socioeco- 
nomic implications which are inappro- 
priate to a diagnosis of a benign condi- 
tion. Adequate tissue must be obtained 
at biopsy in order to differentiate this 
disease from the malignant neoplasms. 
Having diagnosed necrotizing sialometa- 
plasia, the treatment of choice is close 
observation with continued follow-up 
unti] the lesion has healed in six to eight 
weeks. 


Early reports on necrotizing sialo- 
metaplasia suggested that the disease 
process is limited to the hard palate; 
subsequent reports have placed lesions 
in the soft palate;?. retromolar trigone,’ 
nose and nasopharynx,’ and major saliv- 
ary glands.* A case of necrotizing sialo- 
metaplasia occurring on the nasopha- 
ryngeal aspect of the soft palate at the 
base of the uvula is presented. The lesion 
had the gross appearance of a mucocele 


when first seen and eventually pro- 
gressed to a slough of the entire uvula. 


CASE REPORT 


The patient is a 52-year-old Caucasian 
male, who presented to the Minneapolis 
Veterans Administration Hospital with 
a history of a painless mass in the right 
neck which had rapidly enlarged over 
the preceding 2% weeks. The patient was 
otherwise entirely asymptomatic and de- 
nied any history of trauma or surgery 
in the head or neck region. He smoked 
two to three packages of cigarettes per 
day and had a daily alcohol consump- 
tion varying between one pint and one 
quart. 


On initial clinical examination a 4 x 
5 cm firm, mobile, right neck mass was 
palpated deep to the anterior border of 
the sternocleidomastoid muscle at the 
level of the carotid bifurcation. The 
uvula was noted to be "thickened and 
red.” 


The patient was taken to surgery for 
panendoscopic evaluation. The only ab- 
normality found was a 1.5 cm ovoid soft 
mass attached by a broad base to the 
nasopharyngeal aspect of the soft palate 
near the base of the uvula (Fig. 1). The 
mass was white with vascular markings 
on the surface and it was surrounded 
by erythema and a deep purple dis- 
coloration of the entire uvula. Conserva- 
tive biopsies of this lesion were obtained 
using a small cup forceps. No ligatures 
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Fig. l. Intraoperative view of nasopharyngeal aspect of soft palate everted with 
nasal-oral rubber catheters. Below tip of forceps is the white raised midline lesion with 


surface vascular markings (arrow). 
'Tongue. 


or electrocautery were needed for he- 
mostasis. 


The histopathologic report of these 
biopsy specimens was “unremarkable 
salivary gland tissue." The patient had 
an uneventful postoperative course. An- 
tibiotics were used postoperatively. On 
the second postoperative day the right 
neck mass was measurably smaller (3 x 
4 cm). The patient was discharged to 
continue antibiotics for a full two weeks. 


On his return, the patient reported no 
further change in the size of the right 
neck mass and described no other symp- 
toms. On reexamination, the entire uvula 
had sloughed and a 2 x 2 cm superficial 
ulceration was found at what would 
have been the base of the uvula. The 
lesion was characterized by the admit- 
ting physician as “highly suspicious for 
neoplasm." Further studies were under- 
taken including skin testing for candida, 
coccidioidomycosis, histoplasmosis and 
tuberculosis, all of which were negative. 
A VDRL and FTA-ABS were also nega- 
tive. 


The patient was again taken to the 
operating room for further biopsies and 
possible wide excision of the lesion of 
the soft palate. The surgeon described a 
shallow granular-appearing ulceration 
with very little surrounding erythema or 
induration. Multiple large biopsies were 


UL - Upper lip; LL - Lower lip; U - Uvula; T - 


obtained with repeated failure to arrive 
at a.diagnosis of malignancy by frozen 
section. At this point, a diagnosis of 
necrotizing —sialometaplasia’ yas . enter- 
tained and the surgical procédure: was 
concluded. The permanent: “pathologic 
slides verified our impression (Fig. 2). 
Light microscopic examination of sec- 
tions of the palatal lesion showed focal 
ulceration with inflammatory reaction. 
Below the ulcer were foci of lobular 
necrosis of salivary glands, mucus es- 
cape reaction and marked squamous 
metaplasia of salivary acini and ducts. 
Mild pseudoepitheliomatous hyperplasia 
of the overlying epithelium was noted. 
The lobular architecture of the minor 
salivary glands was preserved. 


Approximately one month after ini- 
tially being seen in the clinic, the per- 
sistent right neck mass was removed. 
It was found to be a branchial cleft cyst. 


The area of ulceration in the soft 
palate was completely healed within 
eight weeks of the patient’s initial visit 
to the clinic. No’ specific therapy had 
been used although the patient did at- 
tempt to reduce both cigarette and al- 
cohol consumption. He complained of 
no pain at any time nor was he aware 
of the tissue loss in the soft palate. 


DISCUSSION 


A total of 35 cases of necrotizing 
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No f 


p "sialometaplasia are found in the litera- 


ture. The sites of involvement include 
the following: hard palate, 21 cases;'-^ 
%14 soft palate, 2 cases;^* retromolar 
trigone, 1 case;? nasal mucosa and naso- 
pharynx, 2 cases;? and in major salivary 
gland tissue, 5 cases.* The lesion we 
described here is not typical of necrotiz- 
ing sialometaplasia cibor by location or 
by original gross appearance. Of the 
35 cases reported, the majority (28) 
were found in the oral cavity; only one 
other was in the nasopharynx. Most of 
the reported cases are also identified as 
ulcers. Only six, including ours, are 
variously mentioned as a swelling or a 
mass. No previous report described a 
raised white lesion, resembling a muco- 
cele. This lesion may have persisted in 
this raised form in the nasopharyngeal 
location because it was protected from 
the trauma to which strictly oral lesions 
are subject. It is possible, but doubtful, 
that the small initial biopsy of a muco- 
cele induced necrosis. The other changes 
noted in the uvula prior to any biopsy 
argue against it. In no previous case 
was a mass of tissue the size of the en- 
tire uvula lost. While pain was a symp- 
tom in 14 of the 35 cases reported, our 
patient had no pain. 
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Fig. 2. Section of ulceration demonstrating pseudoepitheliomatous hyperplasia, 
mucous escape reaction and marked squamous metaplasia of salivary acini simulating 
neoplastic squamous invasion (°). (H & E, X10) 


Early discussions on the etiology of 
necrotizing sialometaplasia centered on 
factors of vascular insufficiency such as 
that due to arteriosclerosis?’ or embar- 
rassment of blood supply. Fechner, 
however, doubts that vascular insuffi- 
ciency is the basis of this disorder." 
Philipsen suggests that the disease may 
represent the terminal stage of "leuko- 
keratosis nicotina palati"? A heavy al- 
cohol and heavy smoking history is 
noted in the cases cited and an inci- 
dence ratio of males to females of nearly 
two to one. Clearly, no etiology of this 
interesting benign disease may at this 
time be conclusively proven on the basis 
of cases reported. 


Our patient may have provided a 
unique opportunity to observe the lesion 
of necrotizing sialometaplasia in a very 
early stage, prior to any trauma which 
could precipitate slough of tissue and 
uleer development. Clinicians and pa- 
thologists must maintain an awareness 
of necrotizing sialometaplasia, as the 
morphology and location may vary and 
a misdiagnosis of malignancy may lead 
to undue and unnecessary physical and 
mental trauma to the patient. 
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The site of lesion in hearing loss following neonatal hyperbilirubinemia is unclear. Histo- 
pathological studies have implicated the brain stem auditory nuclei while other investigations 
have hintéd at a lesion in the cochlea. In order to clarify this issue, attempts were made to re- 
cord responses.frorn the auditory pathway in 13 patients with hearing loss following neonatal 
hyperbilirubinemia. The neural.response from the auditory nerve was absent in 11 of the 13 pa- 
tients and present only in response to high intensity stimuli in 2 patients. However, the re- 
sponse of thé cochlear hair cells (cochlear. microphonic potential) was present in 9 of the 13 
patients. In most other cases of sensorineural hearing loss, with no history of hyperbilirubinemia, 
the hair cell response was absent. This is functional evidence for auditory nerve damage in cases 


of hearing loss following neonatal hyperbilirubinemia while the hair cells are spared. 


The sequelae of neonatal hyperbili- 
rubinemia inclydé*hearing loss as well as 
other central, neryous system deficits, 
together .kn@wn as: kernicterus. The 
anatomic sité.-of the. bilirubin (BR) 
mediated Jésién in the auditory pathway 
has not hgérýtletermined precisely. His- 
topathological studies in. infants"? and 
experimental animals? with acute BR 
encephalopathy have incriminated the 
brain stem auditory nuclei. However, 
few autopsy studies have been per- 
formed in older patients with the estab- 
lished clinical syndrome of kernicterus.* 


The purpose of the present study was 
to attempt to localize the auditory sys- 
tem lesion by means of a series of new 
electrophysiological tests of auditory 
pathway function based on recording 
the electrical responses of many levels 
of the auditory system: the cochlear 
hair cells (cochlear microphonic poten- 
tial [CM]), the auditory nerve and the 
brain stem auditory pathway.^*? 


METHODS AND MATERIALS 


Thirteen hearing-impaired patients with 
previous histories of neonatal hyperbilirubine- 
mia were referred from audiology clinics after 
audiometric studies had established the pres- 
ence of sensorineural hearing loss. Neonatal 
hyperbilirubinemia was ascertained anamnes- 
tically and by examination of the neonatal 
chart of all patients. Additional relevant clin- 


ical data for each patient were also collected 
(Table 1), including gestational age (if un- 
der 37 weeks, the birth was defined as pre- 
term), the Apgar score, treatment (exchange 
transfusion) and the existence of evidence of 
CNS damage such as cerebral palsy and de- 
layed developmental milestones. 


In order to conduct the recordings, various 
types of sedation were used in different chil- 
dren including Tricloryl®* (1 cc/kg per os), 

araldehyde (0.2 cc/kg IM) and rectal seco- 

arbital (5 mg/kg). Recording electrodes were 
applied to the skin of the easlobe, to the skin 
of the vertex and to the skin over the nasion. 
The electrical activity, which was recorded as 
the potential difference between the earlobe 
and scalp electrodes, was filtered (bandpass 
200 Hz - 5000 Hz), amplified and averaged. 
The auditory nerve and brain stem responses 
were elicited by click stimuli, 10 or 20/sec, 75 
dB above the threshold of the normal popula- 
tion, i.e., 75 dB hearing level (HL), pre- 
sented by earphones applied directly to the 
ear. In order to elicit the CM, single sinusoid 
500 Hz stimuli, 60 dB HL in intensity at a 
rate of 80 per second were delivered by means 
of an earphone separated from the ear by a 
60 cm length of rubber tube. This introduced 
a time delay of 2 msec between possible stim- 
ulus artifact and the biological (CM) re- 
sponse. When necessary, the phase of the si- 
nusoidal stimulus could be reversed. Details 
of the technique have been described.’ 


The responses obtained in this group of 
hearing-impaired patients following neonatal 
hyperbilirubinemia were compared with re- 
sponses obtained in a group of normal chil- 
dren of similar age and in an additional group 
of hearing impaired children with no previous 
history of neonatal hyperbilirubinemia. 


*Glaxo Laboratories, Ltd., Greenford, Middlesex, U.K. 

From the Department of Ear, Nose and Throat and the Neonatal Unit of the Department 
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Fig. 1. A) CM (upper traces), auditory nerve and brain stem (lower trace) re- 
sponses in.a-normal hearing child. The two CM traces represent the responses to opposite 


phase sinusoidal stimuli. The auditory nerve (wave 1) 


and the brain stem responses 


(waves 2-5) have been labeled (wave 4a is the same as Jewett IV; 4b = V; 5 = VI). 
B) CM responses (upper traces) in the absence of auditory nerve and brain stem re- 
sponses (lower trace) in a child of similar age with hearing loss following neonatal hy- 
perbilirubinemia. The amplitude of the CM responses in both children is similar. In most 
children with hearing loss with no history of hyperbilirubinemia, each of the recording 
traces is flat indicating the absence of both CM and auditory nerve responses. 


RESULTS 


The degree of behavioral hearing loss 
in these 13 patients (Table 1) could be 
divided according to the criteria estab- 
lished by Silverman? and Goodman"? 
into three m moderate (3 pa- 
tients), moderate-severe (6 patients) 
and severe hearing loss (4 patients). In 
those cases in which-a pure tone audi- 
ogram could be obtained, the audio- 
metric picture was similar to that re- 
ported" in other cases of sensorineural 
hearing loss after neonatal hyperbili- 
rubinemia, namely a plateau of mild 
hearing loss (30 dB) from 250 cps 
downward, a plateau of moderate-severe 
to severe hearing loss (55-75 dB) from 
2000 cps upward and a fairly smooth 
transition between these plateaus. In 
general, there was good correlation be- 
tween audiometric thresholds to high 
frequency. tones. and. electrophysiologi- 
cal thresholds to click stimuli which 
elicit responses : mainly: from auditory 
nerve fibers “tuned” to high frequencies. 
It ean: be seen.in Table 1 that each of 
the 13 subjects ‘with moderate to severe 
behavioral hearing loss had elevated 
thresholds to click stimuli: in 11, there 
were no responses whatsoever from the 
auditory nerve and brain stem pathway 
to click stimuli at 75 dB HL, while in 
the remaining two children (patients 6 
and 7 in Table 1) the thresholds for 
obtaining neural responses to clicks 
were 65 and 75 dB HL, respectively. In 
spite of the absence of auditory nerve 
responses in 11 of these subjects and 


high threshold responses in 2 additional 
subjects, the responses from the cochlear 
hair cells (CM) were clearly present in 
9 of them. 

These 13 children can be divided into 
three groups based on the presence or 
absence of other neonatal risk factors: 
group 1 (patients 1-7 in Table 1) in- 
cludes children who had hyperbilirubi- 
nemia without any accompanying pre- 
maturity or perinatal hypoxia; in three 
of them (patients 1, 2, 3) there were no 
neural responses but the CM was pres- 
ent and in two of them (patients 4 and 
5) there was no CM; in the two re- 
maining children (patients 6 and 7) 
there were high threshold neural re- 
sponses to click stimuli and CM re- 
sponses were unclear and probably ab- 
sent. Group 2 includes four children 
(patients 8-11) with hyperbilirubinemia 
and prematurity and in each of these 
there were no neural responses to high 
frequency click stimuli, while the CM 
was present. Group 3 includes two chil- 
dren (patients 12 and 13) with hyper- 
bilirubinemia, perinatal hypoxia and 
prematurity. In both, there were no 
neural respenses whereas the CM re- 
sponses were present. 


CASE REPORT 

Patient 10 was born in another hos- 
pital after 36 weeks gestation with a 
birth weight of 3.3 kg. The pregnancy 
and parturition were normal and the 
Apgar scores were nine and ten at one 
and five minutes. On the eighth day 
severe jaundice was noted and the 
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serum indirect BR value was found to 
be 40 mg/dl. An exchange transfusion 
was performed; subsequent BR levels 
were less than 20 mg/dl. Each of the 
other five siblings of this patient had 
pronounced neonatal jaundice of un- 
known cause. During the first two years 
a hearing deficit as well as delayed 
psychomotor development became ap- 
parent. When examined at the age of 
three years there was a clear clinical 
picture of hypotonic cerebral palsy and 
severe hearing loss with a threshold of 
80 dB on the right to free field speech 
audiometry and no response on the left. 
The recording traces of auditory path- 
way activity in comparison to those 
obtained in a normal child of the same 
age are shown in Figure 1. It can be 
seen that there are no neural responses 
to click stimuli while the hair cell re- 
sponse (CM) is present. 


For comparison, the responses ob- 
tained in these patients with hearing 
loss with a history of neonatal hyper- 
bilirubinemia were compared with those 
obtained in another group of 13 hearing 
impaired patients (recordings collected 
over an eight-month period) in whom 
there was no history of neonatal hyper- 
bilirubinemia and in whom attempts 
were made to record both neural and 
CM responses. The possible etiological 
factors in their histories included rubella 
in pregnancy, encephalomeningitis, fa- 
milial deafness, perinatal hypoxia, sud- 
den deafness and deafness of unknown 
etiology. There were no neural re- 
sponses in each of these 13 patients and 
in 11 of them there were no CM re- 
sponses as well. In the two remaining 
patients, CM responses were present. 


DISCUSSION 


The attempt to record responses of ` 


the cochlea and brain stem in this se- 
lected group of patients with sensori- 
neural hearing loss and a history of neo- 
natal hyperbilirubinemia has demon- 
strated that the neural response from 
the auditory nerve was either absent 
(11 out of 13 patients) or was evoked 
only in response to high intensity stimuli 
(2 out of 13 patients). In 9 of our 13 
patients with absent auditory nerve re- 
sponses, cochlear microphonic potentials 
were present. The unique nature of this 
response pattern is indicated by com- 


parison of the findings» in this selected 
group of patients (in most the auditory 
nerve response was absent while the 
hair cell response was present) with 
other patients suffering from sensori- 
neural deafness and referred for coch- 
lear and brain stem response’ testing 
who did not have neonatal,.lyperbili- 
rubinemia (both auditory nerve and hair 
cell responses were absent). 


The opinion that hearing loss follow- 
ing hyperbilirubinemia is due to a brain 
lesion has been -based on: audiometric 
findings'?!? and on clinicopathological 
correlations in which no definitive 
changes have been detected in the pe- 
ripheral hearing organ while pathologi- 
cal changes have been identified in the 
dorsal and ventral cochlear nuclei and 
several other brain structures.*^*-15 
Schuknecht? seems to have been the 
only worker to suggest a cochlear lesion 
based on audiometric findings. How- 
ever, problems exist in the interpreta- 
tion of clinicopathological correlations 
owing to the very small number of au- 
topsy observations of kernicterus with 
established sensorineural deficit,. espe- 
cially those in which both the brain and 
the cochlear nerve were carefully 
studied.*!*'*^ A single instance of cellu- 
lar degeneration of the spiral ganglion 
(cell bodies of the auditory nerve) has 
been observed! but the findings were 
interpreted to be secondary to damage 
of the cochlear nuclei. Evidence that 
this probably is not the case comes from 
the finding of responses from the audi- 
tory nerve in the ;presence of acoustic 
neurinomas'? which compress the audi- 
tory nerve, preventing the propagation 
of impulses into the brain stem. How- 
ever, responses peripheral to the site of 
compression are still present indicating 
that there is no retrograde degeneration. 

The pathophysiology. of kernictérüs 
is assumed to involve the passage of 
unbound BR through. the blood brain 
barrier some of which then precipitates 
in the cell bodies of neurons.?° Prema- 
turitv and perinatal anoxia apparently 
predispose?^?? to kernicterus and were 
present in several of the patients studied. 
Since the cochlea and the brain are on 
the same side of the blood-brain-barrier. 
the BR may also precipitate in the cell 
bodies of the cochlear neurons. Bilirubin 
damage of the cochlear neurons may 
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interfere with their normal function and 
may explain-the absence of a response 
from them in this study. 


The sparing of the hair cell response 
(CM) in the present patient material 
calls for comment. Dublin? also found 
that the hair cells were normal in neo- 
nates who died following hyperbilirubi- 
nemia. The selectivity of BR toxicity for 


‘the CNS and especially for certain re- 


gions of the brain is well established. 
The fact that the cochlear hair cell dif- 
fers in its*embryonic origin from the 
neural part of the auditory pathway is 
consistent, with the concept of differ- 
ences in susceptibility to BR toxicity. 
Furthermoré; there is evidence from 
human?* and animal studies?? that the 
cochlear hair cells do not degenerate 
following transection of the auditory 
nerve. i 
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7. Sohmer H, Pratt H: Recording of the 
cochlear microphonie potential with surface 


electrodes. ‘Electroencephalogr Clin Neuro- 
physiol 40:253-260, 1976 


: 8. Feinmesser M, Sohmer H: Contribution 
"brainstem, and cortical responses 
to differential diagnosis and lesion localiza- 
tion in hearing loss, in Hirsh SK, Eldredge 
DH, Hirsh IJ, Silverman SR (eds): Hearing 
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In the present study the functional 
integrity of the more central parts of 
the auditory pathway could not be com- 
pletely evaluated. However, since 11 of 
the 13 patients examined showed func- 
tional evidence of CNS damage, it is 
possible that central structures may also 
have been damaged by neonatal hyper- 
bilirubinemia. 


In conclusion, this study has present- 
ed functional evidence of auditory nerve 
damage in patients with hearing loss 
following neonatal hyperbilirubinemia 
while the hair cells were often spared. 
It thus serves as an example of the 
ability of these functional tests to sepa- 
rate the term “sensorineural” hearing 
loss into "sensory" hearing loss when the 
CM and auditory nerve response are 
both absent and a “neural” hearing loss 
when only the nerve response is absent. 
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CONGENITAL CEREBROSPINAL OTORRHEA 


Ricuarp R. Gacek, MD 


Bruce Lerezic, MD 


SYRACUSE, NEw YORK 


Four locations for congenital cerebrospinal fluid fistula in the region of a normal labyrinth 
are reviewed. A congenital leak may occur through the petromastoid canal, a wide cochlear 
aqueduct; Hyrtl’s fissure, or the facial canal. A fistula through the initial segment of the fallopian 
canal was successfully repaired in a two-year-old boy who had three episodes of meningitis fol- 
lowing otitis media. Knowledge of these four sites of congenital defects provides a guideline for 
the surgeon in the identification and repair of cerebrospinal fluid leaks in the region of the 


labyrinth. 

Cerebrospinal fluid otorhinorrhea is 
significant clinically because of the life- 
threatening meningitis which may result 
from an infection in the middle ear 
space. Identification of the cerebrospi- 
nal fluid fistula is necessary before sur- 
gical repair can be performed. The eti- 
ology of cerebrospinal fluid otorrhea 
niay be acquired or congenital. 


The acquired forms of cerebrospinal 


.fluid otorrhea are far more common than 


congenital types. Acquired cerebrospinal 
fluid leaks are usually the result of blunt 
or surgical trauma.’ The acquired forms 
of cerebrospinal fluid otorrhea can usu- 
ally be localized on the basis of clinical 
and radiological information. Blunt 
trauma to the skull may produce frac- 
tures through the temporal bone and 
tears in the dura of the cranial fossae or 
the internal auditory canal. The small 
proportion of such tears which do not 
heal spontaneously require surgical re- 
pair. Tears in the dura surrounding the 
temporal bone may also be inflicted 
during mastoid surgery, ablative sur- 
gery on the labyrinth, or surgery for re- 
moval of tumors from the internal audi- 
tory d These defects are repaired 
at the ial surgery. A. delayed, ac- 
quired for Mi cerebrospinal fluid leak- 
age through the temporal bone may 
occur as a result of extensive surgical 
removal of the tegmen tympani leading 
over a period of time to herniation and 
dehiscence of widely exposed dura into 
the mastoid cavity. 


Congenital cerebrospinal fluid otor- 
rhea usually presents as a delayed form 
of otorrhea. Temporal bcne defects in 
the cranial fossa plates may be readily 
demonstrated by radiological study. 
However, fistulae in the region of the 
labyrinth are not readily localized be- 
cause the temporal bene defect is more 
obscure. Congenital cerebrospinal fluid 
leaks in the presence of a well-devel- 
oped labyrinth have been described 
through the oval window as a result of a 
large cochlear aqueduct** or through 
a persistent petromastoid canal A fis- 
tula from the internal auditory canal 
associated with aplasia of the bony laby- 
rinth has also been reported as a site of 
cerebrospinal otorrhea.’ Since a congen- 
ital cerebrospinal fluid fistula in the 
labyrinth region is difficult to localize, 
the present report is offered to provide 
guidelines for identification and repair 
of the likely sites of these leaks. A pre- 
viously unreported site of cerebrospinal 
fluid otorrhea is also described. 


CASE REPORT 


A two-year-old male was admitted to 
the Pediatric Department of Upstate 
Medical Center in December 1977, for 
management of his third episode of 
pneumoccocal meningitis. The patient 
has been healthy at birth and was the 
result of an uncomplicated, full-term 
pregnancy. His growth and develop- 
ment were normal. At age 16 months, 
he contracted his first episode of pneu- 
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Fig. 1. A) AP tomogram demonstrating Pantopaque? contrast material (arrow) fill- 
ing the bulbous enlargement of the facial canal at the lateral end of the internal auditory 
canal (IAC). There is a leakage of the dye into the middle ear toward the eustachian 
tube (ET) and dissecting under the skin of the external auditory canal (E). B) Lateral 
tomogram shows the location of the dye-filled enlargement (arrow) of the facial canal 
anterior to the superior (S) and lateral (L) semicircular canals. C - Cochlea. 


mococcal meningitis which was satisfac- 
torily treated with intravenous antibi- 
otics. Eight months later, he suffered a 
second episode. An extensive clinical 
and radiographic evaluation of the up- 
per respiratory system and the temporal 
bone was normal except for the presence 
of bilateral serous otitis media with con- 
ductive hearing loss. An adenoidectomy 
and bilateral myringotomies with inser- 
tion of ventilating tubes were per- 
formed. The aspirate from the middle 
ear spaces was mucoid and no leakage 
of fluid occurred following the insertion 
of the tympanostomy tubes. Soon after 
this procedure, he developed purulent 
drainage in the right ear and local anti- 
biotic therapy was instituted. Neverthe- 
less, the child developed meningitis for 
the third time, which was again treated 
successfully with intravenous antibiotics. 


At this time, the child was referred to 
the Otolaryngology Department at the 
Upstate Medical Center for evaluation 
of a possible temporal bone defect un- 
derlying the recurrent meningitis. Oto- 
laryngologic evaluation at this time re- 
vealed the young boy to be in little or 
no distress. The ventilating tubes were 
in place bilaterally with no evidence of 
fluid emerging from the tubes, nor evi- 
dence of fluid within the middle ear 
space on microscopic examination. To- 
mography of the temporal bones was 
unremarkable except for a wider in- 
ternal auditory canal on the right side. 


A posterior fossa Pantopaque? study 
revealed a fistulous tract extending from 
the superior aspect of the enlarged right 
internal auditory canal into the epitym- 
panic space- (Fig. 1A). Its location an- 
terosuperior to thé vestibular labyrinth 
and superior to the cochlea was demon- 
strated on lateral tomograms (Fig. 1B). 
The fistula was located between the 
tegmen tympani and the horizontal por- 
tion of the fallopian canal. Audiometric 
evaluation showed normal bone con- 
duction and speech responses bilaterally 
with no conductive hearing loss in the 
left and a mild conductive loss in the 
right ear. 


An otologic approach to the middle 
'ar and mastoid was selected in order 
to locate and to repair the area of leak- 
age. Prior to surgery, 1 cc of 5% fluores- 
cein was injected into the subarachnoid 
space through a lumbar puncture. A 
postauricular approach and radical mas- 
toidectomy were carried out. The fluo- 
rescein was initially detected, df$secting 
laterally under the posterig# canal wall 
skin. After wide exposuré of the middle 
ear and mastoid ae d the dye was 
precisely located emerging from a 
smooth bony prominence anterior to the 
ampullated ends of the lateral and su- 
perior semicircular canals (Fig. 24). 
This dome-like structure represented 
the fallopian canal containing the initial 
and the tympanic segments of the facial 
nerve, although it did not reach up to 


st 
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Fig. 2. A) Drawing of the location of the fistula in the enlarged facial canal in the 
epitympanum. B & C) These drawings illustrate the method of repair using a soft tissue 
plug in the facial canal enlargement (insert) and fibromuscular pedicle. The tympanic 
membrane was laid over the stapes. 
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Fig. 3. This horizontal temporal bone section shows the location of the petromastoid 
canal (PM) as it passes under the arch of the superior semicircular canal (SC) before 
terminating in cells surrounding the mastoid antrum (MA). The dotted arrow. shows how 
a congenital leak from the posterior fossa (PF) could occur through this canal. Note the 
normal appearance of the facial nerve and canal at the geniculate bend. (GG). 


the middle fossa where the geniculate 
ganglion is usually located. Instead, a 
group of air cells replaced that portion 
of the canal which would normally form 
part of the floor of the anterior epitym- 
panic space. A small (approximately 1 
mm) defect was observed in this 
rounded bony structure just anterior to 
the lateral semicircular canal. Probing 
the defect revealed a larger space filled 
with stained cerebrospinal fluid. The 
remaining bony landmarks in the middle 
ear and mastoid were normal in ap- 
pearance and location. A 4-5 mm free 
segment of temporalis muscle fascia was 
obtained and inserted through the small 
opening to fill the larger space beyond 
it (Fig. 2B, C). Back pressure by 
cerebrospinal fluid sealed the opening 
sufficiently to prevent further flow of 
fluid. Nevertheless, an additional piece 
of fascia was laid over the area and a 
pedicled muscle graft was rotated in 
from posteriorly (Fig. 2B, C). A type 
III tympanoplasty was performed using 
the remaining tympanic membrane and 
a small fascial graft. The patient had a 
benign postoperative course and there 
has been no evidence of leakage to this 
date. He has remained well off antibi- 


otics despite one episode. of an upper 
respiratory infection and "right otitis 
media. 


DISCUSSION 


Since congenital cerebrospinal fluid 
fistulae are not related. to trauma and 
may be located anywhere in the tem- 
poral bone, heavy reliance on radiologi- 
cal studies teng contrast material is 
necessary. Radiological studies of the 
temporal bone, particularly polytomog- 
raphy, are helpful in calling attention 
to bony defects associated with dural 
extensions and to malformation of the - 
labyrinth which may suggest a site for 
a fistula. However, Pantopaque? studies; 
are required to precisely locate the fis- 
tula, even though a suspicious bony 
anomaly has been demonstrated. In ad- 
dition to these studies, a careful oto- 
laryngological examination with évalua- 
tion of labyrinthine function is helpful. 
The presence of a severe sensorineural 
hearing deficit may be a manifestation 
of a labyrinth aplasia. If the fistula has 
been responsible for meningitis, sensor- 
ineural loss may also suggest that the 
fistulous tract represents an overly pat- 
ent cochlear aqueduct communicating 
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Fig. 4. Photo of a wide cochlear aqueduct (CA) illustrates how it can be responsible 


for a CSF leak through the nearby round window membrane ( RW). ST - Scala tympani; 
PC - Posterior semicircular canal ampulla; ME - Middle ear space (round window niche); 


PF - Posterior fossa. 


with the middle ear through the oval 
or round windows... i 


w: 7 Gs LI t : 
The present díseüssion is restricted to 


those temporal bone anomalies associ- 


ated with a normal labyrinth which may 
be the source of spontaneous cerebro- 
spinal otorrhea. Congenital defects in 
the middle or posterior fossae plates 
leading to dural leaks are not included 
in this description. 


A probable prerequisite for congenital 
fistula from the subarachnoid space to 
the middle ear is an abnormal enlarge- 
ment of a preformed bony pathway 
through which the subarachnoid space 
may extend. Such preformed pathways 
are: the cochlear aqueduct, the chan- 
nels for vestibular and cochlear nerve 
branches, the petromastoid canal, and 
Hyrtl’s fissure. Extension of a cerebro- 
spinal fluid pathway through the petro- 
mastoid canal or the cochlear aqueduct 
has already been reported as responsible 
for cerebrospinal fluid otorrhea and 
meningitis.” A fistula from the petro- 
‘mastoid canal empties into the mastoid 
antrum (Fig. 3) while the pathway 
from the cochlear aqueduct traverses 
the oval or round window into the mid- 
dle ear space (Fig. 4). Although it is 


possible that an extension of the sub- 
arachnoid space may occur along the 
‘vestibular or cochlear nerve branches 


which could form a fistula to the middle 
ear through the windows, this anomaly 
has not been described. 


Hyrtl’s fissure is a bony cleft which 
is located inferior to the round window 
nighe extending medially along the in- 
ferior aspect of the cochlea toward the 
posterior fossa (Fig. 5). The cleft prob- 
ably represents a fissure between the 
bony labyrinth and the jugular bulb. If 
this fissure has not been closed by ossi- 
fication in development, it is possible 
that a herniation of dura may extend 
from the posterior fossa into the middle 
ear space. In an unreported case, Gacek 
and Kurkjian determined that a large 
meningocele of the middle ear extended 
through Hyrtl’s fissure. Their patient 
presented with cerebrospinal fluid otor- 
rhea following a myringotomy for serous 
otitis media. The defect through Hyrtl's 
fissure was revealed by radiological 
studies using contrast material. After an 
unsuccessful neurosurgical attempt at 
repair, an otological approach was suc- 
cessfully used to excise the meningocele 
and seal the defect in Hyrtls fissure 
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Fig. 5. Hyrtl’s fissure (HF) is demonstrated in this horizontal infant temporal bone 


dà. LU. C cuv Tutti 





section where ossification has not completely obliterated the cleft. If the cleft remains 
open, a herniation of dura may occur as shown by the dotted line from the posterior (PF) 
into the middle ear space (ME). C - Endosteum of basal turn of cochlea; CC - Carotid 
canal; PSC - Posterior semicircular canal; TM - Tympanie membrane; EAC - External 


auditory canal; FN - Facial nerve. 


with complete soft tissue obliteration of 


the middle ear and mastoid cavities. 


The present case report describes 
lateral extension of the subarachnoid 
space through another preformed bony 
pathway, the initial segment of the fa- 
cial canal, which is the largest opening 
at the lateral end of the internal atdi- 
tory canal. This short segment of the 
facial canal courses superior to the audi- 
tory and vestibular labyrinth just an- 
terior to the ampulated ends of the 
lateral and superior semicircular canals 
(Fig. 3). After separating from the 
vestibular nerve in the internal auditor 
canal, the facial nerve travels kongi 
this short section before turning back at 
the geniculate ganglion to form the tym- 
panic and vertical mastoid segments in 
the temporal bone. The subarachnoid 
space normally extends a short distance 
along the facial nerve in this initial seg- 
ment before the nerve becomes tightly 
ensheathed by the dural extension which 
accompanies it through the temporal 
bone. If this bony canal is abnormally 
large, it is possible that the subarach- 
noid space could extend out to fill such 
an enlargement. The anomaly consists 


of a bulbous enlargement of the initial 
segment of the facial®canal as it joins 
the. tympanic (horizontal) segment of 
the fallopian canal (Fig. 6). This en- 
largement accommodates an extension 
of the subarachnoid space which has 
also displaced some of the facial nerve 
bundles. Gradual stretching of facial 
nerve fibers does not produce paralysis 
as a rule. Areas of bony dehiscence may 
occur leaving only a thin layer of muc- 
ous membrane and dura separating the 
subarachnoid space from the middle ear 
space. Distension of such a thin parti- 
tion by the cerebrospinal fluid pressure 
could eventually produce a fistula into 
the epitympanic space. ‘This anomaly 
best explains the radiological and sur- 
gical findings in the present case report. 


The otologic repair of cerebrospinal 
otorrhea has several advantages over a 
neurosurgical, intracranial approach. 
The extradural otologic approach is. as- 
sociated with lower morbidity. There is 
less chance of injury to the seventh and 
eighth nerves. At surgery, the presence 
of a leak can usually be demonstrated 
by the use of a visible substance (fluo- 
rescein) injected intrathecally. It is 
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easier to identify its egress from a fistula 
than, the entrafice of dye into a defect, 
as would be necessary in the neurosur- 
- gical approach. 


Repair varies with the size and lóca- 
tion of the fistula. Small defects in the 
bony wall of a larger cavity such as the 
vestibule or internal auditory canal are 
repaired by filling the cavity with a free 
si tissue graft and allowing back pres- 
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Fig. 7. Four possible sites for congen- 
ipi carmen fluid around the laby- 
rinth. 


sure from the cerebrospinal fluid to seal 
the fistula. Additional layers of soft 
tissue, either as a free graft or a muscle 
pedicle, are also applied to the external 
surface of the defect. Large dural de- 
fects usually require a substantial soft 
tissue graft for repair. This soft tissue 
graft must be strengthened with addi- 
tional external support to maintain the 
seal. If the defect is located in the mas- 
toid segment of the temporal bone, a 
simple mastoidectomy alloys a large, 
soft tissue graft to remain securely in 
position behind the intact posterior ear 
canal wall. Closure of the postauricular 
incision bolsters the graft. If the fistula 
is located in the middle ear segment, 
the soft tissue graft must be held secure- 
ly by closure of the external auditory 
anal and meatus. This can only be 
accomplished after all squamous and 
epithelial remnants have been thorough- 
ly removed from the ear canal, middle 
ear, and mastoid spaces. Total obliter- 
ation with muscle and adipose tissue is 
performed prior to suturing the external 
auditory meatus closed. 


The sites for congenital cerebrospinal 
fluid leakage near the labyrinth are 
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summarized in Figure 7. The facial 
canal, the petromastoid canal, Hyrtl's 
fissure, and a wide cochlear aqueduct 
may all be associated with normal laby- 
rinth function. Leakage of cerebrospinal 
fluid from a congenitally enlarged coch- 
lear aqueduct traverses the cochlea and 
emerges in the middle ear space through 
a defect in the oval or round windows. 


If infection has, occurred through this 
defect, there is an associated sensor- 
ineural hearing loss. At surgical explora- 
tion, fluorescein injected intrathecally, 
is a helpful adjunct. The prepared sur- 
geon should examine these four areas 
for the dye when attempting to identify 
and repair a congenital cerebrospinal 
fluid fistula. : 
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ANATOMICAL EFFECTS OF SUDDEN MIDDLE 
EAR PRESSURE CHANGES 


A. AxELsson, MD 
GOTEBORG, SWEDEN 


J. Minter, PhD M. SILVERMAN, BA 


SEATTLE, WASHINGTON 


Acute middle ear (ME) and inner ear changes following brief unilateral phasic ME pres- 
sure changes (up to + 6000/mm H:O) were studied in the guinea pig. Middle ear findings 
included perforation of the tympanic membrane, serous and serosanguinous exudate and hemor- 
rhage of tympanic membrane and periosteal vessels. Changes were related to magnitude of ap- 
plied pressure. Perforation and hemorrhage were more commonly seen with negative rather 
than positive pressure. Air bubbles behind the round window were seen with positive pressures. 
Occasional distortion, but never perforation of the round window, was noted. Hemorrhage of 
the scala tympani was observed with both positive and negative pressures; scala vestibuli hemor- 
rhage was found with negative ME pressure. In some instances pressure direction and magnitude 


related changes were seen in the contralateral ear. 


Following acute short-term and long- 
term middle ear pressure changes, both 
transient and permanent histopathologi- 
. cal changes in the middle and inner ear 
a% can be demonstrated. Such observations 
šare relevant to aural barotrauma, par- 
f"ticularly that trauma resulting from 
changes in middle ear pressure associ- 
ated with diving. In studies based upon 
observations in guinea pigs and monkeys 
reported previously, a fairly high con- 
sistency was found between the experi- 
mentally induced middle ear changes 
and those reported of middle ear pathol- 
ogy. in divers with impaired eustachian 
tube function.^? Systematic changes in 
the middle ear.were found with in- 
creases of negative pressure. Correlated 
inner ear changes have also been 
‘found.’ These changes consist mainly 
of perilymphatic hemorrhage, distortion 
of the vestibular membrane, and vari- 
able occurrences of gas bubbles in the 
unopened cochlea. The suggestion from 
these data that middle ear pressure 
changes can exert a harmful effect on 
both the middle and inner ear struc- 
tures, is corroborated by the increasing 
number of reports in recent years of 


round and oval window perforations in 
man behind an intact drum membrane 
associated with barotrauma.’ Inner ear 
changes, in connection with decompres- 
sion sickness have been investigated 
only partially to date and hemorrhage 
has been reported only occassionally.^* 


The only mobile structures in the 
middle ear when the eustachian tube 
does not open, besides the ossicles, their 
ligaments and muscles, are the tympanic 
membrane and the cochlear windows. 
Thus, we expect that sudden large pres- 
sure changes can secondarily influence 
inner ear structures such as the vestibu- 
lar and basilar membranes by way of 
these windows.* 


The aim of the present investigation 
was to examine the immediate anatom- 
ical effects of brief sudden positive and 
negative phasic pressure changes gener- 
ated in the middle ear on the middle 
and inner ear. These experiments were 
performed to provide data that may 
better reflect the changes that can oc- 
cur in the peripheral auditory system 
resulting from a fast descent or a fairly 


From the University of Washington School of Medicine, Seattle, Washington, and the Uni- 
versity of Goteborg, Goteborg, Sweden. This research was supported by a contract from the 
United States Office of Naval Research (N0000-14-75-C-0463). 
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fast ascent during diving with simul- 
taneously impaired tubal function. 


METHODS AND MATERIALS 


Fifty-six guinea pigs with a normal Prey- 
ers reflex were used in these investigations. 
They were divided into four groups. Groups 
A and B contained 22 guinea pigs each, groups 
C and D contained 6 animals each. The fol- 
lowing description of experimental procedure 
applies to all groups. 


The animals were anesthetized with sodium 
pentobarbital (IP). The left or right ear for 
each animal was randomly designated experi- 
mental, while the other served as a control 
ear. Following fixation of the animal's head, 
a postauricular incision was made, the external 
ear canal transected, posterior and ventral por- 
tions of the bony bulla widely exposed, and 
soft tissue sufficiently removed to permit di- 
rect visualization of the tympanic membrane 
including the malleus vessels from the outside. 
After hemostasis, a hole was made in the bulla 
large enough to permit inspection of the mid- 
dle ear. Inspection was performed with re- 
gard to the existence of fluid, vessel injec- 
tion, and the appearance of the drum mem- 
brane and the round window. 


Following inspection, a 2 mm Teflon? can- 
nula was inserted 1 to 2 mm into the bulla 
and fixed with modeling clay. The cannula 
was then coupled to a pressurization system. 
In some animals the external auditory canal 
was filled with modeling clay. Sudden pres- 
sure changes of + 1000, 3000 or 6000 mm 
H;O were applied to the middle ear via a 
manually operated valve for approximately one 
second. These pressure changes are equivalent 
to sea water depth changes of approximately 
1, 3 and 6 meters respectively. With this sys- 
tem, rate of pressure change was relatively 
uniform across animals; duration of pressure 
change undoubtedly varied by 10-20£ across 
subjects. Following pressurization, the middle 
ear cannula and seal of the external auditory 
canal (when present) were removed; and the 
tympanic membrane and middle ear were 
again carefully inspected. Observed changes 
were graded. In all cases, both the contra- 
lateral control and experimental ear were in- 
spected without knowledge of the applied 
pressure, 


After completion of the middle ear obser- 
vations the animal was sacrificed by decapita- 
tion and both experimental and control tem- 
poral bones were removed. The bulla opening 
was widened and the tympanic membrane, 
middle ear, and round window were again 
examined. This second examination was per- 
formed by another author with no knowledge 
of applied pressure or results of the first ex- 
amination. Individual observations were kept 
separated in coded form until completion of 
the inner ear study. Subsequent procedures 
included the following steps: 


GROUP A 
Apex, oval and round windows were opened 
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and glutaraldehyde slowly injected. Soft sur- 
face preparations as described by Axelsson et 
al** were prepared with one modification, the 
inner ear vessels were not contrast injected. 
Briefly, the soft surface preparation includes 
the following steps: 


Immersion in 5£ glutaraldehyde for 24 hours. 


Decalcification in 8% EDTA, with daily 
changes of solution. i 


Bisection of the cochlea (apicobasal or baso- 
apical) and observation of inner ear .struc- 
tures, . 


Counterstaining in 0.5% buffered osmic'acid. 


Dehydration in successively increasing con- 
centrations of alcohol. 


Storage in glycerine. 


Dissection of the entire cochlea for further 
microscopic observations. 


GROUP B 


To avoid the possibility that intracochlear 
changes could be induced by the intracochlear 
perfusion this step was omitted in this group. 
The cochlea was immersed in 5% glutaralde- 
hyde without opening of the windows or apex. 
Subsequent steps were similar to those of 
group A, 

GROUP C 
After 


pressurization the temporal bones 


from animals in this group were processed Po 


with standard celloidin embedding and serial... 
section techniques: = 


The temporal bones were removed ‘and im- 
mersed in 10% neutral buffered (sodium phos- 
phate dibasic and monobasic) formaldehyde 
for two weeks. 


Decalcification in 8% EDTA, changed daily. 


Dehydration in successively increasing con- 
centrations of alcohol. 


Embedding in 124 celloidin. 


Serial apicobasal sections of the whole tem- 
poral bone. 


Staining representative sections with Har- 
ris’ hematoxylin and eosin and cresyl violet, 


GROUP D 


These animals formed a control group. 
Their ears were not pressurized. They were 
decapitated (4 under anesthesia, 2. without). 
The temporal bones were prepared as de- 
scribed for group C above. See Table 1 for a 
summary of these procedures. 


RESULTS 
GROUPS A and B 


An attempt was made to diminish 
movement of the tympanic membrane 
by occluding the external auditory me- 
atus with modeling clay in approxi- 


370 


TABLE 1. SUMMARY OF PRESENT 
MATERIAL 








Pro- 
cessing Baro- 





Group No. Method trauma Fixation 
A | 22 » + Opent 
B. 29 i + Closedtt 
C ` 6 en + Closedtt 
D 6 as = Closed t t 


*Soft surface specimen technique.’ 
**Celloidin embedding + serial sections. 
.fApex and round and oval windows opened, 

. egehlear perfused. 
—^*tCochlea unopened, immersed in fixative. 


matély half of the subjects of groups 
A and B. However, no clear differences 
were found. Consequently, the results 
will be presented together. 


Middle Ear Observations 


TYMPANIC MEMBRANE (TM) 


The most common change in the TM 
was the presence of small hemorrhages 
on the medial aspect of the membrane. 
In some cases the membrane was dis- 
torted and in a few cases, the mem- 
brane was perforated. These findings 
were related to magnitude of applied 
middle ear pressure. As may be seen 
from Table 2 with both positive and 
negative pressure at all levels examined, 
the TM often appeared normal. 


Overall changes were more frequently 
related to negative than to positive pres- 
sure. Distortion and perforation were 
more closely correlated with the magni- 


AXELSSON ET AL 


tude of applied pressure, and hemor- 
rhage was found on occasion following 
application of small positive or negative 
phasic pressure changes. 


Table 2 also documents our findings 
in regard to the appearance of vessels 
along the malleus following middle ear 
pressure application. In general, the re- 
sults are similar for both positive and 
negative pressure. However, with high 
positive pressure ( +6000 mm H:O), 
no TM was found with normal appear- 
ing malleus vessels. The TM vessels 
were, for the most part, normal with 
positive pressures of small and moderate 
magnitude. Normal vasculature was 
found in some animals following ex- 
posure to all levels of negative pressure 
examined. Distention and hemorrhagic 
effusion were almost exclusively found 
with pressures equal to or greater than 
— 3000 mm H;O. 


MIDDLE EAR FLUID 


A common finding after application 
of both positive and negative middle 
ear pressure was the occurrence of 
sercus, serosanguinous, and  hemor- 
rhagic fluid in the middle ear (Table 
3). While middle ears with no effusion 
were found following all levels of pres- 
sure application, this was the majority 
finding only with low positive pressure. 
The appearance of serous, serosanguin- 
ous or hemorrhagic effusion was related 
to magnitude of applied pressure. In 
the case of serous and serosanguinous 
fluid no relationship was found between 


TABLE 2. MIDDLE EAR PRESSURE CHANGES: EFFECT ON TYMPANIC MEMBRANE 
(GROUPS A AND B) 








TM Appearance 


Appear. of MV 





Pressure No. of Observations 
Applied No. of 
(mm H:O) Ears N H Distor. P N Disten. PH 
+6000 6 3 3 1 2 3 3 
+3000 . 7 6 1 5 1 1 
+1000 - 7 6 1 5 1 1 
Total 20 
—1000 6 5 1 5 1 
—3000 6 4 2 i 1 1 5 
— 6000: 12 3 2 4 7 5 3 4 
` Total 24 


TM - Tympanic membrane ; 
Distortion; P - Perforation; 


Disten. - Distention ; 


MV - Malleus vessels; N - Normal; H - Hemorrhage; Distor. - 


PH - Perivascular hemorrhage. 
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TABLE 3. NUMBER OF EARS WITH MIDDLE EAR PRESSURE CHANGES: EFFECT 
ON MIDDLE EAR (GROUPS A AND B) 











Pressure No. ME Fluid Cochlear Periosteal Vessels RWN 
Applied Exam- 

(mm H:O) ined N S SS H N D PH N F . B 
+6000 6 2 2 1 4 6 3 oF 
+3000 7 3 2 i 1 3 4 4 2 Qtr") 
+ 1000 7 4 1 2 2 4 3 4 1 1 

Total 20 9 5 4 Wu id 13 8 6 6 
—1000 6 2 1 3 3 3 4 2 
— 3000 6 2 1 2 4 1 3 2 2 3 a 
—6000 12 1 3 2 9 3 4 5 2 1 1*. 
Total 24 5 5 4 16 7 10 1 8 12 1 
*Indicates that the observations were made by two of the authors independently. 
ME - Middle ear; RWN - Round window niche; N - Normal; S - Serous; SS - Sero- 


sanguinous; H - Hemorrhage; 
3ubbles. 


the application of positive versus nega- 
tive pressure. Hemorrhagic effusion was 
found more frequently following nega- 
tive pressure application (66% occur- 
rence) than following positive pressure 
application (35% occurrence ). 


PERIOSTEAL VESSELS OF THE COCHLEA 


Vessel distention was found more fre- 
quently with brief positive middle ear 
pressures than with negative pressures, 
particularly with high positive pressures 
(Table 3). Small perivascular hemor- 
rhages of these vessels were found only 
with negative middle ear pressure 
changes equal to or less than —3000 
mm H.O. However, instances of normal 
appearing vessels in the periosteum of 
the cochlea were found following all 
pressures applied except high posi- 
tive pressures. Distention of vessels 


throughout the middle ear was a com- , 


mon finding with all pressures. Simi- 
lar to our findings in regard to peri- 
osteal vessels of the cochlea, changes 
in middle ear vessels appeared to be 
related to positive pressures of high 
magnitude. 


ROUND WINDOW 


A normal appearance of the round 
window niche was found in prepara- 
tions following all pressures tested ex- 
cept high positive ones (Table 3). In 
general, abnormality was not related 
to magnitude of applied pressure. Fluid 
in the niche was related to magnitude 
of both applied positive and negative 


D - Distention; PH - Perivascular hemorrhage; F - Fluid; B - 


pressure. We frequently observed 
hemorrhage both on the inside and the 
outside of the round window mem- 
brane. The presence of hemorrhage on 
the outside of the round window agreed 
well with our findings of hemorrhage in 
the middle ear in general (Table 3). 


BUBBLES 


Bubbles in the perilymph behind the 
round window could be seen in 7 out 
of 44 preparations examined (Table 3). 
Bubbles were found in 30% (6 of 20 
examined specimens) following positive 
middle ear pressure application and in 
4% (1 of 24 examined specimens) fol- 
lowing negative pressure application. 
The presence of bubbles was related to 
the magnitude of the pressure change 
applied. Bubbles. were also found be- 
hind the round window in six of the 
control ears (14% of those examined). 
Their occurrence was not related to the 
observation of bubbles in the experi- 
mental ear; but was related to magni- 
tude of applied pressure in the experi- 
mental ear. 


Inner Ear Observations. No difference 
was found between the preparations 
from groups A and B. Consequently 
these results will be presented together. 


COCHLEAR MEMBRANES 


Vestibular membrane (VM) sagging 
was a common finding. It was observed 
in approximately 45£ of all experimental 
ears. It was closely related to the mag- 
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mination of a positive pressure, a chem- 
ically mediated local response associ- 
“ated with or following application of 
positive’ or negative pressure, or a sym- 
patHetically mediated effect caused by 
the pressure application. 


.. We found no instance of round win- 
dow membrane rupture. Tympanic 


. membrane rupture was the common ob- 


servation. in these. animals, both with 
and without modeling clay in the ex- 
ternal auditory meatus. We speculate 
that air pockets. between the clay and 
TM existed in these animals and per- 
mitted subsequent rupture of the TM. 
Instances of round window rupture exist 
in the human literature and indeed sur- 
gical therapy has been performed and 
recommended as a treatment for sen- 
sorineural deafness accompanying baro- 
trauma. Our observations in the guinea 
pig are inconsistent with this suggestion 
in two ways. First, we found no case 
of round: window rupture and second 
we found inner ear changes. that may 
provide anjeditérgative pathophysiologi- 
cal basis for sensorineural hearing loss 
associated with sudden middle ear pres- 
sure changes. Undoubtedly differences 
exist between the response of middle 
and probably inner ear structures of 
man and guinea pig to sudden pressure 
changes. We know that round window 
ruptures can occur in man. That we 
found no instance of this indicates that 
this may be one important difference 


. between the guinea pig and man. In the 


guinea pig, with the brief sudden pres- 
sures we used in this studv, we suggest 
that the TM serves as a "safety valve." 
It. ruptures first. In the light of such 
speculation it is important to use caution 
in the generalization of our inner ear 
findings in guinea,pigs to man. 


Inner ear pathology, unique to the ex- 
perimental ear and clearly dependent 
upon applied pressure, consisted pri- 
marily of PLH in the scala vestibuli re- 
lated to negative pressure application. 
Other abnormalities including bubble 
formation behind the round window and 
membranous changes were observed in 
control ears of experimental animals. 
Scala tympani hemorrhage was observed 
in nonpressurized animals of group D, 
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and hence must be considered at least 
in part an artifact of the analysis pro- 
cedure. Bubbles, while found in control 
ears cf pressurized animals, were never 
found in nonpressurized animals and also 
demonstrated a relationship to magni- 
tude to applied pressure. These observa- 
tions indicate that such findings may be 
dependent upon middle ear barotrauma. 


One of the biggest differences be- 
tween the barotraumatic and control 
animals appears to be the distribution 
of perilymphatic hemorrhage. This was 
almost exclusively observed basally in 
the control animals, whereas small, 
medium and large hemorrhages were 
observed in all turns in the barotrau- 
matic animals. It appears, then, that a 
small perilymphatic hemorrhage on the 
inside of the reund window membrane 
does not constitute a pathological find- 
ing with the present technique, where- 
as hemorrhages in the second to fourth 
turn probably are pathological. The 
origin and mode of development of 
these hemorrhages in the upper turns of 
the cochlea during barotrauma is not 
clear from our material The regular 
occurrence of PLH in the scala tympani 
has been described before. In this study 
such hemorrhage was observed in four 
of our six control animals. We feel that 
a small hemorrhage on the inside of the 
round window may occur as a terminal 
effect of anesthesia or of the surgical 
procedure when sacrificing the animals. 
This occurrence of blood in the scala 
tympani is also often seen in photo- 
micrographs of publications by others 
without any remarks from the authors. 
In order to determine the cause of this 
hemorrhage, we have sacrificed animals 
in different ways, assessing them after 
the circulation has stopped, without 
preceding anesthesia, by careful dissec- 
tion of the neck tissue in the anesthe- 
tized animals, while the animal was kept 
on its back or on its stomach in a supine 
position prior to death, etc. We have 
not been able to see any differences in 
the occurrence or amount of PLH in 
the basal part of the scala tympani with 
any of these procedural variations. Vis- 
ually it appears that this PLH is related 
to the cochlear aqueduct or the spiral 
modiolar vein close to the cochlear 
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aqueduct. It could also derive from the 
internal auditory meatus and from the 
modiolus. It is not related to rupture of 
any of the intracochlear vessels. Inter- 
estingly, in spite of the rich vascular 
supply of the external wall no hemor- 
rhage was ever seen in the scala media. 


The observation of bubbles in the 
perilymph related to magnitude of ap- 
plied pressure was, of course, interesting. 
However, the presence of such bubbles 
behind an intact round window mem- 
brane and their occurrence in the con- 
trol ear of experimental animals is dif- 
ficult to explain. Possible routes of air 
to the scala tympani include: via round 
window, via oval window, via the coch- 
lear aqueduct, or via vessels of the bone. 
On the basis of our observations we 
suggest that the cochlear aqueduct or 
oval window route are more likely than 
the other possibilities. The presence of 
bubbles in control ears of pressurized 
animals suggest that their occurence is 
not based strictly upon local effects. 
With such considerations in mind, either 
a cochlear aqueduct and CSF route or 
a vascular route would seem appropri- 
ate communication channels between 
the ears. Unfortunately, CNS changes 
that may have accompanied pressure 
changes in the CSF were not evaluated. 


Previously in this discussion we noted 
differences between our findings in the 
guinea pig and that expected in man. 
The cautions suggested in generalizing 
our results in this animal model to man 
certainly applies to all our observations. 
With this caution in mind, we do note 
that the pathological changes we ob- 
served in the middle and inner ear oc- 
curred with brief and relatively small 
pressure changes. As pointed out in the 
method section, our 1,000, 3,000 and 
6,000 mm HO are equivalent to 
changes of approximately 1, 3 and 6 
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meters of sea water respectively. Thése 
observations support previous :findings 


in man'-* of barotraumatic effects as» `* 


sociated with shallow dives and are 
consistent with the suggestion,’ of 
Farmer, that significant middle and 
inner ear damage can occur with rela- 
tively small changes in depth under 
water. i 


` 


From a methodological view, consis- 
tency of middle ear findings existed be- 
tween the different observers. There is 
no reason to believe that the different 
techniques applied would give rise to 
any artifactual findings in the middle 
ear. However, intracochlear findings 
may be artificially caused by several of 
the procedural steps of the soft surface 
specimen technique, particularly the in- 
tracochlear perfusion and bisection of 
the decalcified cochlea. The advantages 
of this technique are that it permits 
assessment of the whole cochlea allow- 
ing both side and surface views of large 
parts of the ‘cochlea,. thus facilitating 
the screening of material a major pa- 
thology. It also. permits ~ Ried bser- 
vations. The main disadvantages are 
based upon possible technically induced 
artifacts. In order to try to establish the 
possible contribution of different pro- 
cedural steps to intracochlear findings, 
embedding of the unopened cochleas in 
celloidin was included. (However, it 
should be noted that this procedure is 
of course not without its own technical 
drawbacks.) We found this additional 
control material was of advantage in 
elimination and specification cf artifacts 
in our experimental material (e.g., hem- 
orrhage, VM sagging, round window 
bulging, basilar membrane position), It 
would, of course, be of interest to know 
how often other authors using similar 
techniques demonstrate pathology in 
control ears included in their investiga- 
tion. Such findings are seldom reported. 
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Fig. 1. The radiolucent defect (arrows) 
in the floor of the right vestibule as seen 
in an anterior-posterior projection identi- 
fies the site of the cyst. 


ments could not be demonstrated in the 
cyst wall. 


DISCUSSION 


The presence of a median palatal cyst 
reflects abnormal palatal development. 
Normal development implies progressive 
fusion and then lysis of epithelium, spe- 
cifically ectodermally-derived epitheli- 
um. The epithelial element in question 
and its underlying mesoderm are recog- 
nizable as early as the sixth fetal week 





Fig. 2. The radiolucent defect seen in 
occlusal view of the palate confirms the 
posterior location of the cyst. 
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as the palatal shelves. In. embryology, 
the development of the palate is unique: 
the single example of epithelium de- 
rived from ectoderm fusing and lysing. 


Fusion alone of epithelium of ecto- 
dermal or neuroectodermal origin occurs 
in various settings; the development of 
the eyelid, and the optic cup to name 
but two.' An analogous instance of epi- 
thelial fusion, then lysis, does distinguish 
the union of the urogenital septum and 
the cloacal membrane, but the epithelial 
elements are of endodermal, not ecto- 
dermal, origin.? 


The results of fetal dissection and in 
vitro palate cultures support the concept 
that the presence of a median palatal 
cyst represents an anomaly of this pro- 
cess of lysis of ectodermally-derived 
epithelium.** The specific cause of a 
median palatal cyst or the precise period 
in palatal growth during which aberrant 
development occurs is unknown. But 
important milestones in palate growth 
are known and they can serve as useful 
references to help place the develop- 
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. Fig. 4. A) Lateral view of maxillae; B) Mesiodistal view of maxillae; C) Anterior 
view of maxillae. Schematic diagram of sites of palatal cysts pum. positions of: l- 


Median palatal cyst; 2-Nasoalveolar cyst; 3-Incisive canal cyst; 4-Me 


ian alveolar cyst; 


5-Papillae palatine cyst; 6-Globulomaxillary cyst. (Adapted with permission from Bernier 
JL: The Management of Oral Disease. St. Louis, CV Mosby Co, 1955.) 


ment of the median palatal cyst in per- 
spective. 


The maxillary shelves (palatal shelves 
of the maxilla) appear about the sixth 
week (12 mm crown rump length). 
Shortly thereafter, the eight-week fetus 
(24 mm CRL), the maxilla and man- 
dible are in a period of active growth, 
the tongue settles away from the primi- 
tive septum in a caudal direction and 
the shelves begin to approach each 
other? They remain separated by only 
a median fissure through the ninth week 
(30 mm CRL), and abut the inferior 
borders of the nasal septum, forming the 
secondary hard and soft palate by the 
tenth week (40 mm CRL).° 


The contact line between palatal 
shelves persists temporarily after fusion 
as a median epithelial seam. Subsequent- 
ly, mesenchyme penetrates across this 
area. The seam then extends only partly 
through the palate, and epithelial pearls, 
surrounded by mesoderm, occur near 
interruptions in the seam line. All stages 
of epithelial rests, including keratin- 
filled cysts, have developed in this re- 
gion in organ culture of human fetal 
palatal processes? Traces of the ecto- 
dermal interface still can be observed 
until the end of the third month.’ 


Intraosseous palatal cysts are ob- 
served in the first and second trimesters, 
but their persistence in the last trimester 
is unusual. Burke and Feagens* studied 
the palates of 35 fetuses. They noted 


cysts in the posterior hard palates in 
only one of four full-term fetuses and 
in all 31 fetuses of ages estimated to 
range from three to six months. 


The median palatal cyst belongs to 
the general category of nonodontogenic 
cysts of the maxilla/palate. These fluid- 
filled, epithelial-lined spaces within 
bone can be classified conveniently by 
location into lateral and medial groups 
(Fig. 4). 

The lateral cysts include the globulo- 
maxillary and the nasoalveolar. Both ap- 
pear at the junction of the maxillary 
process and the premaxilla.* The naso- 
alveolar occurs, however, in the most 
cephalic aspect of the suture line, afu- 
sion point of the maxillary process, pre- 
maxilla and the lateral nasal process. 


The medial cysts include develop- 
mental anomalies of duct, and median 
fissure origin. The nasopalatine duct 
cyst, median anterior maxillary cyst, and 
the incisive canal papilla cyst are, as 
a group, the most common nonodonto- 
genic, epithelial cysts and thev derive 
from the incisive duct canal? These de- 
fects occur between, or just posterior to, 
the central incisor roots and are lined 
with either or both stratified squamous 
and ciliated pseudostratified columnar 
(respiratory) epithelium. Mucous glands, 
nerves, or blood vesels often lie in the 
submucosa. 


The median alveolar and the median 
palatal (median palatine, median pos- 


*Synonyms: Globular portion of the medial nasal process, nasal frontal process. 
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terior palatine) are cysts related to the 
median fissure. The median alveolar 
cyst appears anterior to the incisive 
canal and approximates the palatal as- 
pect of the maxillary incisors. Some 
authorities trace its origin to a super- 
numerary tooth such as a mesiodens and 
classify it not as a fissural, but as a 
primordial, ‘ odontogenic cyst? Even 
more controversy surrounds the concept 
of the median palatal cyst. The cyst 
should- appear posterior to the incisive 
canal and be lined ‘with elements of 
either respiratory or squamous epitheli- 
um because of the proximity of the nasal 
chamber and oral cavity respectively. 
The cyst wall would contain dense con- 
nective tissue but, unlike a cyst related 
to the incisive canal, would Jack mucous 
glands or neural or vascular elements.” 
Many authors!®* doubt or deny its oc- 
currence. 


Less than five examples of median 
palatal cyst are on file at the Armed 
Forces Institute of Pathology, Division 
of Hard Tissue Oral Pathology. Even 
those few reports, according to the direc- 
tor,* may represent atypical examples of 
incisive canal cysts with posterior exten- 
sion. Gorin et al'^ states that in their 
opinion there is no such entity. 


Courage et al" found no adequately 
documented reports of median palatal 
cysts in a recent review. They examined 


CINBERG-SOLOMON 


the 11 examples previously reported in 
the literature, and concluded that all 
lacked the necessary anatomic descrip- 
tion (gross or microscopic) to support 
the diagnosis. They also presented an 
example of a possible median palatal 
cyst. 


We reviewed the 12 reports individu- 
ally. Some were without radiographs or 
included equivocal radiographs: the 
palatal radiolucencies were so sited that 
primary pathology of the incisive canal 
or the fissural junction of the primary 
and secondary palates could not be ex- 
cluded. The histopathology was 
absent from other reports.!*?5:17°° Two 
of the authors had not claimed, in fact, 
to report median palatal cysts, but rather 
a median alveolar and globulomaxillary 
cyst respectively." 


We recently excised a palatal cyst 
which under magnification was seen to 
have a true epithelial lining without 
salivary gland, neural, or vascular ele- 
ments in its wall. The lesion was well- 
defined in radiographs and situated too 
posteriorly to be related to structures of 
the nasopalatine region. A median pala- 
tal cyst would best explain this path- 
ology and reciprocally these findings 
appear adequate to establish median 
palatal cyst as an authentic pathological 
entity. 
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"TABLE 2. MEASUREMENTS OF THE 
INFERIOR ORBITAL WALL - MEASURED 
FROM THE INFERIOR ORBITAL 
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TABLE 4. MEASUREMENTS OF THE 
LATERAL ORBITAL WALL - MEASURED 
FROM THE FRONTOZYGOMATIC 














Mean Range 
(mm) (mm) 
Lateral margin of the 
lacrimal fossa 13 8-18 
Anferior orbital fissure 24 20-27 
Covered portion of the 
"infraorbital nerve 14 8-28 
Posterior wall of the maxilla 36 26-44 
Optic canal - inferior aspect 48 40-54 
men, there was variance up to 5.4 


cm from the inferior orbital foramen. 


The distances along the superior or- 
bital wall are seen in Table 3. The dis- 
tances here were similar to those seen 
along the medial wall. of the orbit. Spe- 
cifically, the optic canal was encoun- 
tered at roughly 4% cm from the supra- 
orbital notch. 


The lateral wall measurements are 
seen in Table 4. As in the measurements 
of the other three walls, the optic canal 
appeared to average between 4 and 5 
cm from the reference point along the 
rim of the orbit. 


DISCUSSION 


Earlier in this century, as otolaryn- 
gologists treated life-threatening suppu- 
rations of the paranasal sinuses, many 
complete descriptions were made of 
these eavities. Studies by Mosher," 
Schaeffer," VanAlyea? and others!" 
discussed the embryologic, childhood, 
and adult anatomy and its variations. 


However, these articles do not de- 
scribe the orbital contents in relation to 
modern day orbital procedures. By the 


TABLE 3. MEASUREMENTS OF THE 
SUPERIOR ORBITAL WALL 











Mean Range 
(mm) | (mm) 
Measured from the supraor- 
bital notch or foramen to: 
Superior orbital fissure 40 35-45 
Lacrimal foramen 32 28-41 
Optic canal - superior aspect 45 40-50 
Measured from the posterior 
ethmoidal foramen to: 
Superior orbital fissure "i 11-17 





SUTURE 
Mean Range 
(mm) (mm) 
Lacrimal foramen 25 12-33 
Superior orbital fissure 35 28-38 
Optic canal - lateral aspect 43 39-46 
Inferior orbital fissure 25 20-30 


same measure, standard orbital anatomy 
treatises detail the intraorbital structures 
without correlation to the surounding 
extraorbital anatomy. Today, head and 
neck procedures regularly traverse the 
orbit and a need has arisen to show the 
anatomic interrelationships. The precise 
knowledge will aid diagnosis, plan treat- 
ment and avoid loss of ophthalmologic 
function. 


The bony walls represent a constant 
guide to the orbit. Measurements of the 
pertinent and constant structures of the 
bony walls become the basis of safe and 
efficient surgical success. 


Medial Wall. The anatomy of the 
medial wall is the key to an uncompli- 
cated result for seven standard orbital 
head and neck procedures. These in- 
clude: 1) ethmoid vessel ligation; 2) ex- 
ploration of the medial wall fractures; 
3) ethmoid sinus exenteration; 4) orbital 
decompression; 5) transethmoidal sphe- 
noidotomies; 6) closure of cerebrospinal 
fluid leakage; and 7) transethmoidal, 
sphenoidal hypophysectomy. Entrance 
to the medial wall is via the frontal 
ethmoidal incision. This places the oper- 
ator on the frontal process of the maxilla. 
The only constant landmark on this pro- 
cess is the anterior lacrimal crest. It was 
felt that this was a more constant struc- 
ture than the maxillo-nasal-lacrimal junc- 
tion of Kirchner et al.'? 


Bevond 2 cm from the anterior la- 
crimal crest, the anterior ethmoidal ar- 
tery is found. This is in, or just above, 
the frontal ethmoidal suture. The an- 
terior ethmoidal vessel found at the up- 
per extent of the medial wall is constant. 
A horizontal plane passing through this 
vessel is the key landmark to safe dis- 
section. During subperiosteal dissection, 
the posterior ethmoidal foramina are 
found along the plane of the anterior 
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TABLE 5. MAXIMUM DISTANCE FOR 
SAFE ORBITAL EXPLORATION 
Distance 
Wall (mm) Measured from 
Medial 30 Anterior lacrimal crest 
Inferior 25 Inferior orbital foramen 
Superior 30 Supraorbital notch 
Lateral 25 Frontozygomatic suture 


ethmoidal foramen. Twenty-five percent 
of our specimens had more than one 
posterior ethmoid foramen. This is in 
agreement with other studies.'^'" One 
orbit had only one ethmoid foramen. As 
noted by Kirchner et al^ it may be 
important to find all posterior ethmoidal 
vessels in surgery for epistaxis. The next 
structure behind the posterior ethmoidal 
vessels is the optic foramen. The dis- 
tance between the posterior ethmoidal 
foramen and the optic nerve is a vari- 
able distance but no less than 3 mm. 
Therefore, no bone should be removed 
posterior to the medial wall farther back 
than the last ethmoid foramen. In sum- 
mary, a measurement of 30 mm from the 
anterior lacrimal crest to the lacrimal 
bone should be used as the indication of 
safe distance for dissection along the 
medial wall. Dissection beyond this 
point must be done with great caution 
(Table 5). 


Inferior Wall. Orbital floor explora- 
tion and maxillectomy comprise the ma- 
jority of intraorbital operations along the 
inferior wall. The initial incision in each 
of these procedures is carried down to 
the orbital rim. Once at the rim the 
periosteum should be elevated without 
transgressing the orbital septum. En- 
trance through the orbital septum will 
be evidenced by herniation of orbital 
fat. Entry through this adipose tissue 
may cause injury to the inferior oblique 
and inferior rectus muscles lying an- 
teriorly. 


The infraorbital foramen is in line 
with the supraorbital notch and the mid- 
dle foramen. This roughly corresponds 
to a point half way along the infraorbit- 
al rim. The lateral portion of the orbital 
floor is safer to explore than the medial, 
since the inferior rectus and inferior 
oblique muscles are more medially lo- 
cated within the orbit. Thus, medial 
floor blowout fractures are more likely 
to cause entrapment. Safe posterior 
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dissection of the orbit may be accom- 
plished as long as the bony wall is 
closely followed. The posterior wall of 
the maxilla lies as close as 26 mm from 
the infraorbital foramen. This wall 
should be considered as the maximum 
safe distance for intraorbital dissection, 
since beyond this point there are no 
bony landmarks for reference. The optic 
foramen lies on an average of 12 mm 
beyond this point. To injure the nerve 
directly, dissection must pass superior, 
medial and posterior from the posterior 
wall of the maxilla. Emphasis during 
inferior floor dissection should be placed 
on maintaining contact with the bone. 
If this bony contact is lost, the intra- 
orbital, inferior floor dissection bevond 
25 mm from the infraorbital foramen 
should be done with great caution. 


Superior Wall. The superior wall is 
the guide to seven basic transorbital wall 
head and neck procedures. These are: 
1) frontal ethmoidectomy; 2) frontal 
sinus trephine; 3) frontal sinus obliter- 
ation; 4) orbital decompression; 5) ex- 
ploration for fractures; 6) lacrimal gland 
excision; and 7) orbital exenteration. 


Other than for orbital decompression 
the superior orbit is entered through the 
incisions just below the eyebrow. These 
incisions must be placed to avoid the 
supraorbital nerve and the elevator 
muscle of the upper lid. The supraor- 
bital notch is constantly found in a para- 
sagittal plane connecting the mental 
foramen with the infraorbital foramen. 
The levator muscle is avoided by plac- 
ing the incision as high as possible, dis- 
secting at right angles to the skin down 
to the superior orbital rim. 


Within the orbit, the periosteum can 
be elevated without danger from the 
frontal ethmoid suture through the fron- 
tal zygomatic suture and as far posteri- 
orly as 30 mm. This allows a 5 mm 
tolerance to the most anterior aspect of 
the closest superior orbital fissure that 
we found, and avoids damage to the 
optic nerve. 


Lateral. Wall. Along the orbital wall 
laterally, the basic intraorbital opera- 
tions are explorations of orbital fractures, 
lateral orbitotomy (Kronlein'?) and ex- 
cision of the lacrimal gland. 


In all lateral intraorbital procedures 
the danger of damage to the superior 
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orfttal Fissure or the optic nerve is mini- 
mal. Through.the superior orbital fissure 
at the’ orbital apex pass cranial nerves 
II, IV, VI, the ophthalmic branch of V, 
and the ophthalmic vein. The fissure is 
found to lie no closer than 28 mm from 
the frontal zygomatic suture at the rim. 
Due to the curved nature of the orbit 
and the limited access to this area, it 
would be difficult and unnecessary to 


1. Hollinshead WH: Anatomy for Surgeons. 
New York, Harper & Row Publishers, 1968, 
vol 1, pp 107-182 `. 


2. Warwick R, Williams PL: Gray’s An- 
atomy. Philadelphia, W B Saunders Co, 1973, 
pp 262-265 


3. Ritter FN: The Paranasal Sinuses. St. 
Louis, C V Mosby Co, 1973 


4. Warwick R: Anatomy of the Eye and 
Orbit. Philadelphia, W B Saunders Co, 1976, 
pp 1-29 


5. Nakagawa G: Schemes of the serial 
frontal sections of the orbit and its contents. 
Jpn J Ophthalmol 15:152-162, 1971 


6. Mosher HP: Symposium on the ethmoid: 
The surgical anatomy of the ethmoidal laby- 
rinth. Trans Am Acad Ophthalmol Otolaryn- 
gol 31:376-410, 1929 


7. Schaeffer JP: Sinus maxillaris and its 
relations in the embryo, child and adult man. 
Am J Anat 10:313-368, 1910 


8. Schaeffer JP: The genesis, development 
and adult anatomy of the nasal-frontal: region 
of man. Am J Anat 20:125-146, 1916 


= 9.°Van Alyea OE: Sphenoid sinus. Arch 
` Otolaryngol 34:225-253, 1941 


‘10. Goodyear HM: Ophthalmologic condi- 
tions referable to disease of the paranasal si- 
nuses, Arch Otolaryngol 48:202-208, 1948 


11. Dixon FW: Comparative study of the 
Reprints — Eugene Rontal, MD, 21700 


RONTAL ET AL 


proceed to this depth during any intra- 
orbital procedure." Likewise, the optic 
nerve lies 8 mm behind the medial edge 
of the fissure and would also be under 
minimal danger from this approach. 
Therefore, as long as a distance of 25 mm 
from the frontal zygomatic suture is 
maintained, safe dissection can be car- 
ried out on the lateral orbital wall ( Ta- 
ble 5). 
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Torque speed characteristics of two mastoid drills were measured. Potential temperature 
elevations in temporal bones were calculated from these measurements. Measured temperature 
elevations in temporal bones drilled without irrigation agreed well with predictions. Irrigation 
was demonstrated to be of critical importance in minimizing thermal hazard from mastoid drills. 


Recent reports"? of neurcsensory 
complications following surgical proced- 
ures in the mastoid suggest that the 
mechanism of this pathology is not un- 
derstood. In two series of 225 and 1,680 
patients reviewed by Rice’ and by Palva 
et al? respectively, the average incidence 
of hearing loss following surgery was 
3.6%. Glasscock et al? report a 5% inci- 
dence of transient facial nerve paralysis 
in his series of 112 patients. It appears 
that there is a substantial incidence of 
reported neurological or sensory compli- 
cations in these procedures when per- 
formed by experienced otologic sur- 
geons. The agent responsible for this 
trauma has not been identified. 


High acoustic noise levels resulting 
from the drilling procedure have been 
suspected as a causative agent. How- 
ever, it is difficult to conceive of acoustic 
trauma causing facial nerve paralysis. 
Similarly, manipulative misadventures 
involving the ossicular chain may cause 
sensory deficits? but this too, is not likely 
to cause changes in the facial nerve.5 


It has been demonstrated that heat 
produced by high-speed turbine drills 
is capable of producing osteocyte ne- 
crosis in both long bone cortex and in 
temporal bone.** Heat is a particularly 
attractive basis on which to explain the 
reported complications; it provides a 
plausible single agent which may create 
the reported lesions and furthermore, 
the heat is normally localized to a re- 


gion in which both the high-frequency 
auditory receptors and the facial nerve 
are located. In addition, simple remedies 
are available to minimize the problem of 
thermal hazard. 


Our approach to examine potential 
thermal hazard requires that three ques- 
tions be answered. 1) On the basis of 
mechanical characteristics of mastoid 
drills, what is the heat equivalent of 
mechanical work produced by the mas- 
toid drill? 2) What is the distribution of 
heat in the temporal bone? Is the facial 
nerve more often compromised because 
it is situated in an area of higher tem- 
perature than the vestibule? 3) What is 
the physiologic tolerance of nerve and 
sensory epithelium to thermal insult? hs 


This report answers the first two 
questions. The last question will be 
addressed by.a subsequent series of 
studies. We shall report mechanical pa- 
rameters for two drills which we use, 
the AMSCO 0 and 09 drill and the. 
Stryker Roto-Osteotome®. Temperature 
measurements in three representative 
bones will be presented. 


METHODS AND MATERIALS 


Mechanical Measurements. Each drill was 
rigidly held so that the shaft of the burr was 
in a horizontal position. In the case of the 
AMSCO drill, the chuck was fixed to prevent 
rotation around the drive axis. Measurements 
of torque were made at different speeds by 
adjusting the friction with which the shaft was 
held in a prony brake. Drill rotation was mea- 


From the Department of Otorhinolaryngology, University of Oklahoma Health Sciences Cen- 
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Fig. 1. Temperature increase after time 
of application of heat (Qo = 1 w/cm’). 


sured with an optical tachometer (Power In- 
struments, Inc.) and with a Strokotac® ( Gen- 
Rad). 


The heat equivalent of mechanical work 
performed by the drill was calculated at the 
usual working speed of the drill which had 
been measured with the optical tachometer af- 
fixed to the drill during the surgical procedure. 
Stall torque for. the Stryker and AMSCO 
Hall drills were 4.1 x 10* dyne-cm and 7.3 x 
10* dyne-cm respectively (5.8 oz-in and 10.3 
oz-in). Working torque used for the heat cal- 
culations were 2 x 10* dyne-cm (0.28 oz-in) 
for the Stryker and 6 x 10' dyne-cm (0.85 
oz-in) for AMSCO. The heat equivalent of 
mechanical work is proportional to the product 
of rotation speed and torque. From these mea- 
surements, we calculated that the Stryker drill 
produces 3.14 watts, the AMSCO produced 
9.4 watts. 


Predicted Bone Temperatures. Calculation 
of predicted bone temperature assumed that 
a thermal flux was instantaneously applied to 
i semi-infinite wall of bone, that convection of 
heat from the bone to the surrounding air is 
insignificant, and that all work resulted in heat 
generation. These are necessary approximations 
which result in errors of ov erestimation of bone 
temperature. 


Thé full analysis is presented in the appen- 
dix A 


Temperature Measurements. Wet human 
temporal bones which had been stored in form- 
alin were washed under running water and 
allowed to come to equilibrium with room 
temperature. The bone was fixed in a temporal 
bone holder and a 23 gauge thermistor probe 
was inserted in either the stylomastoid fora- 
men at the second genu of the facial nerve or 
into the vestibule between the oval and round 
windows after drilling an access hole through 
the petrous ridge. Temperature was monitored 
with a YSI Tele-thermometer® connected to 
a Beckman recorder. The recorder was DC 
coupled and the measuring probe had a ther- 
mal time constant of 300 msec, which is preat- 
er than the recorder time constant. All re- 
ported data are from bones drilled with the 
Stryker Roto-Osteotome. 


Operating Procedure. The mastoid cavity 
was saucerized, the antrum exposed, and the 
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Fig. 2. Temperature increase at increas- 
ing distance from point of applications. 


digastric ridge identified in the same manner 
as performed in surgery. Following this, bone 
overlying the facial nerve was thinned, taking 
care not to enter the canal itself. The final 
step in the procedure was to skeletonize the 
posterior semicircular canal as is done for an 
endolymphatic sac shunt. Bones were drilled 
with irrigation (250 ml/min, tap water at 
room temperature) and without irrigation. 
This rate was chosen to insure that adequate 
irrigation was available for heat and chip re- 
moval." It is approximately twice the rate used 
by one author (RJK). Comparison of temper- 
atures was made between the two methods. 


RESULTS 


Predicted Thermal Gradient. Based on 
our analysis of the heat transfer through 
the bone, we predicted that at 1 mm 
from the burr after 60 seconds of drill- 
ing, the temperature would be raised 
75.8 C. Figures 1 and 2 illustrate the 

variation of temperature with distance 

and time. Three assumptions were made 
in arriving at this prediction: 1) heat 
is delivered to the bone over a restricted 
area, 2) all the work produced by the 
drill is converted to heat, and 3) no 
heat is lost to the surroundings. 


The actual temperature gradient is 
reduced by three factors. In the surgical 
procedure, obviously the burr is not sta- 
tionary; it is constantly being moved as 
the mastoid is exenterated. Heat is not 
delivered to the bone at one point, 
rather the heat source at any position 
is time variant. At one time more heat 
may be diffusing away from an area 
than into it. At another, the reverse is 
true. Although it is impossible with our 
current instrumentation to specify the 
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Fig. 3. Temperature profile (degrees 
C) at second genu of facial nerve dur- 
ing mastoid procedure with constant suc- 
tion/irrigation. 


position of the burr and, therefore, the 
stochastic nature of the heat source, we 
can say with certainty that the effect is 
to reduce the thermal gradient. 


We also know that not all of the work 
done by the drill is converted to heat. 
Much work is expended breaking chips 
of bone. Some is radiated from the burr, 
some heats the burr, and some is con- 
vected into the irrigant. This too reduces 
the magnitude of the thermal gradient 
caused by the drill. The last factor, loss 
of heat to the surroundings, may be 
minimal at any air/bone interface but 
is a major factor if the bone is constantly 
irrigated. 

Temperature Elevations in Bone. In 
the first example, the thermistor probe 
is placed at the second genu of the facial 
nerve and the bone drilled with constant 
suction irrigation ( Fig. 3). Temperature 
peaks were observed when drilling the 
vertical part of the facial canal (1.5-2.0 
min), when drilling the middle one third 
(2.5 min) and when drilling in the area 
of the second genu (3.5 min). At no 
time during these procedures nor during 
the final uncovering of the upper third 
of the facial canal (5-6 min) did the 
temperature rise more than 2.5 C. 


In contrast, the measurements shown 
in Figure 4 were made similarly to those 
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Fig. 4. Temperature profile (degrees 
C) at second genu of facial nerve during 
mastoid procedure with intermittent ir- 
rigation for debris removal only. 
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in Figure 3, with the exception that 
irrigation was intermittent only to re- 
move accumulated debris. Two features 
are important; temperature elevations in 
bones drilled without continuous irriga- 
tion are greater than those in bones 
drilled with irrigation. In this bone, tem- 
perature elevations were as great as 15 C 
at the genu of the facial nerve (2.5-3.0 
min). More importantly, the tempera- 
ture in the bone, once elevated, remains 
so throughout the procedure. For this 
reason, the total energy’ (and therefore 
the potential for induced pathology) is 
much greater in the bone drilled with- 
out continuous irrigation. The average 
heat supplied to the second bone was 
13 times greater than in the first bone. 


Temperature measurements were also 
taken in the vestibule as shown in Figure 
9. The major temperature elevations 
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Fig. 5. Temperature profile (degrees 
C) in vestibule between oval and round 
window during mastoid procedure with 
intermittent irrigation for debris removal 
only. 


were observed when skeletonizing. the 
horizontal canal (9.5-10.0 min) and'pos- 
terior canal (14.0-14.5 min). Each of 
these were less than 5 C and approxi- 
mately of five minutes duration.* Bones 
drilled with irrigation exhibited no tem- 
perature rise greater than 0.5 C ifthe 
vestibule. 


AVOIDING THERMAL HAZARDS 


There have been some reports of the 
effects of thermal stress on nerve func- 
tion. Anderson et al'?^ demonstrated in 
the sciatic nerve that application of heat 
which raises nerve temperature between 
11.5 C and 14.6 C will produce a ces- 
sation of excitability, and that if main- 
tained within this range for two to eight 
minutes results in complete loss of func- 
tion. This was accompanied by a de- 
generative change in the myelin sur- 
rounding the nerve. Angell-James et al! 
report on the basis of their clinical ex- 
perience with ultrasonic irradiation of 
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the labyrinth, that for elevations greater 
‘than 9.C the facial nerve appears to 
sustain damage. We have not yet de- 
termined the tolerance of the nerve to 
heat with an accompanying return of 
function, nor is the thermal tolerance of 
sensory structures known. 


The primary consideration in avoiding 
thermal eomplications resolves to limit- 
ing the amount of heat coupled into the 
bone. The factors discussed previously 
explain why the temperature elevations 
were limited to 15. C rather than the 
predicted 76 C. 


Anything which will result in either 
more work converted to chip removal or 
more heat removed from the bone/burr 
interface will reduce the heat produced 
in the bone. Call? has shown that many 
fluted polishing burrs (which remove 
small chips) create more heat than do 
cutting burrs which have fewer flutes 
(and remove larger chips). It may be 
possible to modify burr design to in- 
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crease cutting efficiency. This possibility 
is beyond consideration in the scope of 
this paper. The other obvious approach 
is to maximize the heat carried away 
from the burr/ bone interface. 


A very simple procedure is suggested 
by our results. The major vehicle of heat 
removal is irrigation. It is not possible 
to develop a more efficient irrigating 
medium because water has the highest 
thermal conductivity of any fluid. Two 
points are suggested however: 1) Pro- 
fuse irrigation accompanying mastoid 
drilling will remove most heat from the 
area being drilled. Cut and squirt tech- 
niques are not efficient for heat remov- 
al? 2) Rather than warming the irrigat- 
ing solution to body temperature, cool- 
ing it slightly may be beneficial in re- 
moving additional heat from the oper- 
ative field. Consideration must also be 
given to the potential caloric stimulation 
of the vestibular system if the irrigant 
is too cold. 
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APPENDIX 


Predicted temperature gradients in the tem- 
poral bone were based on the following as- 
sumptions: 


1. A thermal flux (Q) is instantaneously 
applied to a semi-infinite wall of bone. 


2. All work is converted to heat. 


3. Convection of heat from bone to sur- 
rounding air is insignificant. 

4. The rate of change of temperature (80/ 
8t) is proportional to the thermal diffusivity 
(a) and to the second derivative of the tem- 
perature with respect to distance, ie, 


80/8t = a 8'0/8x (Equation 1) 


THERMAL HAZARD IN MASTOID SURGERY 391 ~ 


Assumed boundary conditions are: 
l. The bone is initially at ambient temper- 


ature, ie, 
0(x,0) = 0 


2. At any time t, at an infinite distance 
from the incident flux, the thermal gradient is 
zero, ie, 

olot) = 0 

The solution for the temperature as a func- 

tion of distance and time (x, t) is given by 


equation 2. (x2/dat) 
% -(x/4ot 
O(x,t) = (Q/K) [2(at/z) e -x 
Vv 
a 
erfc(x/2(at) ] (Equation 2) 
The temperatures of Figures 1 and 2 were 
calculated from equation 2 with: 
Qo = 1 watt/cm* 
K = 5,5x10? watt/cm^ C 
a = 3.46x10° cm^/sec 





Values of K and a are those determined by 
Young.” The value of Qo = 1 w/cm* is based 
on a drill producing approximately 3 w work- 
ing in an area with a radius of 1 cm. The tem- 
perature, O(x,t) is directly proportional to Qu; 
therefore, a drill with three times the power 
should produce three times the heat. If the 
drill heat is concentrated over a smaller work- 


ing area, the increase in temperature is in-. 


versely proportional to the differences in the 
areas (or the squared difference iñ the-radii). 
It is necessary for the analysis to assume that 
heat is applied uniformly over the area. Al- 
though this is a simplification of the true sit- 
uation in the nonirrigated bone, it is not too 
unreasonable since heat is not conducted from 
the burr/bone interface. In the irrigated bone 
most of the heat is conducted from the bone 
and the question of the effect of this simplifi- 
cation is moot. 


Reprints — John Erdreich, PhD, Department of Otorhinolaryngology, University of Okla- 


homa Health Sciences Center, P. O. Box 26901, Oklahoma City, OK 73190. 
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Bacteria were isolated from a high percentage of the effusions from patients with otitis 
media with effusion (OME, serous otitis media). In an attempt to determine if the isolated bac- 
teria were involved in the disease process, we analyzed the serum and effusion of 25 OME pa- 
tients for the presence of antibacterial antibodies by the indirect immunofluorescence antibody 
method. Specific antibody activity was detected in 20 of 25 effusions (80%) and 19 of 22 sera 
(86%). IgG antibodies were the most frequently found class of antibodies in both sera and ef- 
fusions, but IgA antibodies were detected more frequently in the effusions than in the sera. 
Hemophilus influenzae, Streptococcus pneumoniae, and diphtheroids were the most frequently 
isolated organisms, and antibody activity to all bacterial species isolated was detected. The re- 
sults support the concept that the isolated bacteria are not contaminants but are actively in- 


volved in the disease process. 


Although otitis media with effusion 
(OME, serous otitis media, secretory 
otitis media) has been the subject of 
numerous investigations, the pathogene- 
sis of this disease is poorly understood. 
Middle ear effusions from patients with 
OME were thought to be bacteriologi- 
cally sterile, but this concept has been 
refuted. sby the demonstration that bac- 
terid*dán be isolated from a high per- 
‘centage of the effusions.^* However, 
whether the bacteria isolated from the 
effusions were involved in the patho- 
genesis of OME or were merely con- 
taminants has not been clearly estab- 
lished. In an attempt to better define 
the role of bacteria in OME we have 
assayed a series of serum and effusion 
samples from patients with OME for 
the presence of specific antibodies to the 
isolated bacteria. The presence of such 
antibodies in effusions is generally ac- 
cepted as evidence that the bacteria 
are involved in the disease process.? 


METHODS AND MATERIALS 


The effusions were collected from children 
who were diagnosed as having chronic OME 
by established criteria? and who were under- 
going therapeutic myringotomy with tubal in- 
sertion. The patients ranged in age from 1X 
to 11 years, with a mean age of 5.2 years. Ef- 





fusions in which there was gross evidence of 
blood contamination were excluded from the 
studies. The effusions were processed for bac- 
teriologic, cytologic and biochemical studies 
as previously described, and those effusions 
from which, on primary culture, bacteria were 
isolated in high numbers (greater than 30,000 
colonies/ml) and in pure culture were selected 
for further study. 


Antibody to the isolated bacteria was de- 
tected by a slight modification of the indirect 
fluorescent antibody technique (IFA) de- 
scribed by Sloyer et al.^* Briefly, the isolated 
bacteria were cultured overnight in an appro- 
priate broth, and the bacteria were washed 
twice with normal saline (0.85% NaCl) and 
once with sterile distilled water. Bacteria were 
then suspended in a small volume of distilled 
water, and 0.05 ml of the suspension was 
placed on a microscope slide and allowed to 
air dry. If not immediately used, the slides 
were stored at 4 C until needed. The smears 
were then exposed to either effusion or serum 
of the patient from whom the bacteria had 
been isolated for 45 minutes at 37 C. The 
slides were then washed three times with sa- 
line, after which fluorescein-conjugated anti- 
sera to either human IgG, IgA or IgM was 
placed on the smears and allowed to react for 
30 minutes at 37 C. Following an additional 
three washes, the final wash being distilled 
water, the slides were allowed to air dry and 
were examined by fluorescence microscope 
( Zeiss). A saline control was included for each 
bacterial isolate to control for nonspecific 
fluorescence, and a positive serum control? 
was included in each experiment. 


*Positive serum control was provided by Dr. John Sloyer, Huntsville, AL. 
From the Otological Research Laboratories, Department of Otolaryngology, Ohio State Uni- 


versity College of Medicine, and the Department of Otolaryngology, The Children's Hospital, 
Columbus. Ohio. This study was supported in part by grants from NIH-NINCDS (NS08854-08) 
and The Deafness Research Foundation. 
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ANTIBODY ACTIVITY IN OME 


TABLE 1. BACTERIAL SPECIES 
ISOLATED FROM MIDDLE EAR 
EFFUSIONS 


No. of 


Bacterial Species Isolates 


m. 


Hemophilus influenzae 
Streptococcus pneumoniae 
Diphtheroids 
Staphylococcus aureus 
Staphylococcus epidermidis 
Neisseria species 
Pseudomonas species 
Total 


Jennaa 


to 


RESULTS 


From 92 effusions collected between 
January and June of 1977, 27 samples 
were selected for study by the IFA 
procedure. The bacterial species isolated 
are shown in Table 1. The two Staphylo- 
coccus aureus isolates were found to 
react nonspecifically with the fluores- 
cein-labeled goat antisera used in this 
study. Hence, class-specific antibodies 
to these organisms could not be detect- 
ed, and these two samples were there- 
fore excluded frem further study. Effu- 
sions were classified as either serous or 
mucoid at the time of surgery, and of 
the 25 effusions used in this study 13 
were considered serous and 12 mucoid. 
Cytologic analysis of the effusions 
showed that neutrophils were the dom- 
inant cell type in all 25 samples, and 
therefore these samples could be classi- 
fied as neutrophilic. The 25 effusions 
were obtained from 22 patients, i.e., 3 
patients had bilateral effusions. 


When the effusion samples and their 
paired serum samples were assayed by 
the IFA procedure, it was found that 20 
of the 25 effusions (80%) and 19 of the 
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22 serum samples (86%) showed anti-,*- 


body activity. The results are summar-" 
ized in Table 2. As can, be seen by 
examining this table, IgG antibodies 
were the most frequently found class of 
antibody in both the effusions and the 
sera. When effusions were compared 
with their matched serum samples, it 
was found that there was a good corre- 
lation between the effusion and serum. 
antibodies of the IgG or IgM classes 
(Table 3) in that there was only one 
case in which IgG antibodies were 
found in the effusion only and no cases 
in which IgM antibodies were found 
only in the effusion. IgA antibodies 
were detected more frequently in the 
effusions than in the sera. There were 
three effusions in which IgA antibodies 
were present only in the effusion, sug- 
gesting that local IgA production might 
have occurred. However, no attempt was 
made to determine if these were secre- 
tory IgA antibodies or not. There were 
only two patients in whom no antibody 
activity could be detected in either the 
serum or effusion. 


The results were next analyzed with 
respect to the species of bacterjà iso- 
lated. Results for the three mo&*fre-. 


quently isolated organisms are shown in €* 


Table 4. Hemophilus influenzae was the 
only organism for which IgM antibodies 
were found. The incidence of antibodies 
to S. pneumoniae and diphtheroids was 
similar except that serum IgA antibodies 
to diphtheroids were not seen. Althoug 

not shown in the table, one. isolate éach 
of Staphylococcus epidermidis, Pseudo- 
monas, and Neisseria were also ,exam- 
ined. IgG antibodies to the S.^epi- 
dermidis were found in the serum but 
not the effusion, while the Pseudomonas 
and Neisseria isolates showed reactions 


TABLE 2. IMMUNOGLOBULIN CLASS OF ANTIBACTERIAL ANTIBODIES IN 
EFFUSIONS AND SERA OF PATIENTS WITH OTITIS MEDIA WITH EFFUSION 








Immunoglobulin Class 








Fluid Type (n) Antibody Activity? IgG IgA IgM 
Effusion (25) 20°* (14) IT (11) 9 (7) 7 (7) 
Serum (22) 19 (12) 18 (11) 7T (T) 7 (7) 
n - Number of samples tested. 

*Antibody activity detected in one or more of the immunoglobulin classes tested. 


**Number of positive samples. 


() - Number of samples from which H, influenzae or S. pneumoniae were isolated. 
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TABLE 3. CORRELATION OF 
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ANTIBODY ACTIVITY BETWEEN EFFUSION AND 
SERUM SAMPLES 








Antibody Activity in 


Antibody Activity 


Immunoglobulin Class 





Effusion and serum 


19 (16) 
Effusion only 1 b) 
Serum only 3 (3) 
Neither,;serum nor effusion 2 (2) 


IgG IgA — — IgM ] 
16 (14) 7 (6) 7 (5) 
1 (1) 3 (3) 0 (0) 
5 (5) 1 (1) 2 (2) 
3 (2) 14 (12) 16 (15) 


Number of patients is shown in parentheses. Three patients had bilateral effusions. 


for IgG antibodies in both serum and 
effusion. No other antibodies were de- 
tected for these three isolates. 


Finally, the data were analyzed with 
respect to the ages of the patients. It 
was found that there were two patients 
in our study under the age of two and 
that these. two patients were the only 
subjects who showed no antibody ac- 
tivity in either their effusions or sera. 
Both of the patients had potential patho- 
gens isolated from their effusions, one 
H. influenzae and the other an S. pneu- 
moniae, which should have provided 
sufficient antigenic stimulation for anti- 
body production. The remaining pa- 
tients ranged from 3 to 11 years of age, 
and no age-associated pattern of re- 
sponse could be discerned. However, the 
number of samples studied was too 
small really to.permit adequate analysis 
of age-associated responses. 


A. 


DISCUSSION 


«Significant proportion of the culture- 


a positive effusions from children with 


‘OME possess an antibody to the bac- 
teria isolated from them. This finding 
can be considered as direct support for 
the idea that thé bacteria isolated are 
involved in the disease process. When 


one considers only patients over two 
years of age, 87% of the effusions were 
positive for antibody activity. The lack 
of antibody activity in the two patients 
who were under two years of age may 
simply reflect the immunologic imma- 
turity of these patients, as other workers 
have noted poor antibody responses in 
this age group.’ 


The finding of IgM antibodies to H. 
influenzae is particularly | interesting. 
Since IgM antibodies are associated with 
à primary immune response, and in a 
normal situation do not persist in the 
serum for a long period of time, this 
finding suggests that these patients were 
actively infected by the Hemophilus. 
Perhaps the most difficult result to ex- 
plain is the lack of IgM antibodies to 
the other bacterial species, particularly 
the S. pneumoniae. Perhaps pneumo- 
coccal infections were of a longer dura- 
tion and the IgM phase of the immune 
response had passed. That is to say, the 
persistent pneumococcal infections 
might preferentially stimulate IgG and 
IgA antibodies instead of IgM. This 
question will require further studies on 
a larger number of patients before we 
can ascertain the significance of the lack 
of IgM antibodies to pneumococci in 
our study. 


TABLE 4. ANTIBODY ACTIVITY IN MEE WITH RESPECT TO BACTERIAL 
SPECIES ISOLATED 

















Antibody Activity IgG IgA IgM 
Bacterial species E S E S E S E S 
Hemophilus Influenzae 10/19* 9/10 8/12 9/10 5/12 5/10 7/12 7/10 
Streptococcus pneumoniae 4/5 3/4 3/5 2/4 2/5 2/4 0/5 0/4 
Diphtheroids 4/5 4/5 4/5 4/5 2/5 0/5 0/5 0/5 


E - Effusion, S - Serum. 


*Number of IFA positive samples over total number examined. 


ANTIBODY ACTIVITY IN OME 


The high percentage of positive re- 
actions to diphtheroids is somewhat sur- 
prising. Since diphtheroids are part of 
the normal flora of the upper respira- 
tory tract, knowledge of the incidence 
of serum antibodies to diphtheroids in 
a normal age match population is neces- 
sary before we can determine the sig- 
nificance of this finding. However, the 
presence of IgA antibodies in the effu- 
sion but not the serum in two cases 
(Table 4) suggests that these organisms 
are infecting the middle ear. It is pos- 
sible that diphtheroids are opportunistic 
pathogens which can invade the middle 
ear when local defense mechanisms are 
altered or weakened. The pathogenic 
potential of diphtheroids in OME is still 
an open question. 


In studies on children with acute otitis 
media, Sloyer et al^? reported finding 
antibacterial antibodies in middle ear 
fluid. In patients with pneumococcal 
otitis media, approximately 26% of the 
middle ear fluid samples had antibody 
activity, while in patients from whom 
H. influenzae were isolated nearly 76% 
of the samples possessed an antibody 
activity. In both studies it was found that 
the antibody activity could be demon- 
strated in all three immunoglobulin 
classes but primarily in the IgG and IgA 
classes in patients infected with Hemo- 
philus. The greater frequency with 
which we detected antibody activity 
probably reflects the fact that we were 
examining patients with chronic disease, 
while their study considered only those 


patients with acute otitis media. In a 
subsequent study by the same authors? 
a significant correlation between the 
presence of specific antibody activity 
in the middle ear fluid and clinical re- 
covery from infection was noted. That 
study demonstrated that an antibody 
response can help the middle ear space 
recover from infection and prestirably 
aid in the defense of the middle ear. 
We do not have information available 
as yet to determine if the presence of 
antibacterial antibodies in effusions is 
associated with a shortening of clinical 
recovery for patients with OME, but we 
do plan to address this question in 
future studies. 


The finding of specific antibody ac- 
tivity in middle ear effusions of patients 
with OME and the finding that culture- 
positive effusions usually have a neutro- 
philic infiltration'? indicate that bacterial 
infections do occur in a high percentage 
of the cases of this disease. Thus, it ap- 
pears that certain cases of OME may be 
viewed as mild chronic infections. The 
question remains as to why patients with 
OME failed to clear the infection or, 
conversely, why they did not develop 
signs and symptoms of purulent otitis 
media. A number of factors may be 
involved, ranging from. the pathogenic 
potential of the bacteria to` the nature 


of the immune reaction, and more de- . 


tailed analysis of the fhíids is needed 


before which factor(s) causing the path-'- 
ology seen in this disease can be. ascér-. 
tained. "mS xo 
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IV INTERNATIONAL SYMPOSIUM ON ACOUSTIC IMPEDANCE MEASUREMENTS 


The IV International Symposium on Acoustic Impedance Measurements will be held Sep- 
tember 26-28, 1979 in Lisbon, Portugal. For further information write: Organizing Secretariat, 
Clinica Fono-Audiologica, Rua Conde Redondo, 119-3°-Lisboa, Portugal. 
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The normal gross and microscopic anatomy of the palatine tonsil of the rabbit was observed, 
and following the direct injection of antigenic substance, structural changes were noted in the 
crypt epithelium. A cold light laryngoscope tube was used to inject ovalbumin or bovine serum 
albumin, plus Freund's complete adjuvant, into the subepithelial lymphatic tissue. Five weeks 
later subcutaneous challenge injections of the same protein produced increased numbers and 
proportions of infiltrated small lymphocytes and medium-sized lymphocytes containing a high- 
ly organized granular endoplasmic reticulum. These cells occupied wide intercellular passage- 
ways. Epithelial plasma membranes that faced these passageways remained smooth, but other 
surfaces of the same epithelial cells acquired vastly increased numbers of microvilli. The sur- 
faces of other epithelial cells that faced each other also showed microvilli. These microvilli 
faced expanded interfacial canals. Increased numbers of small lymphocytes were observed emi- 
grating through postcapillary venules immediately beneath the epithelium. The microvilli and 
other tine structures of tonsillar crypt epithelial cells are compared with similar structures of 
epithelial cells of the thymus. The experimentally induced increase in microvilli suggests the 
possibility that tonsillar crypt epithelial cells make a secretory contribution to local immune re- 


actions. 


Several investigators have hypothe- 
sized possible functional relationships 
between enteric mucosal epithelial cells 
and their infiltrated lymphocytes.'-* The 
argument is made that since endoder- 
mally derived epithelial cells of the 
thymus influence the differentiation and 
activity of T-lymphocytes, and since 
epithelial cells of the bursa of Fabricius 
similarly influence B-lymphocytes, it 
would not be surprising to find relation- 
ships between epithelial cells and in- 
filtrated lymphocytes in other locations, 
for example, the tonsils. However, there 
has been little evidence to support such 
relationships. 


The purpose of the present investiga- 
tion was to induce an exceptionally 
intense cellular and humoral immune 
reaction in the rabbit tonsil by direct 
injection, and then observe by light and 
electron microscopy any possible 
changes in the crypt epithelial cells. Pre- 
vious investigators of tonsillar immune 
reactions have found it necessary to 
make surgical incisions through the 


*U.S. Biochemical Corp, Cleveland, OH. 
**Difco Laboratories, Detroit, MI. 


throat in order to inject or apply anti- 
genic substance We decided to try 
using a human bright field laryngoscope 
to do this. 


At the beginning of this investigation 
we found that the available atlases*? 
did- not contain the gross anatomical 
information needed to plan and make 
direct tonsillar injections. Nor could we 
find accounts of histological architec- 
ture by light microscopy to confirm our 
findings in control sections. Reports on 
the fine structure of tonsils have em- 
phasized subepithelial tissues and lym- 
phoid cells, and have offered only 
limited information on crypt epithelial 
cells.*:^!' For these reasons it was nec- 
essary to first elucidate the normal gross 
and microscopic structures. 


METHODS AND MATERIALS 


Preparation of Antigens. Ten milligrams of 
egg albumin (crystaline 3X),? was dissolved in 
0.5 ml of sterile physiological saline. This was 
emulsified with 0.3 ml of Freund's complete 
adjuvant.^? Emulsions were prepared just be- 


From the Departments of Anatomy and Otorhinolaryngology, Indiana University School of 


Medicine, Indianapolis, Indiana. 
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fore use. Three percent egg albumin alone in 
sterile physiological saline was also prepared. 
Two analogous solutions were prepared using 
bovine albumin (Fraction V." 


Immunization: Schedules. White New Zea- 
land laboratory rabbits, all male, weighing be- 
tween 3.5 and 4 kg were obtained locally. The 
inhalation anesthetic, methoxyflurane ( Meta- 
fane? ),*? was given to -each rabbit while re- 
strained in a rabbit box. The box was then 
türned upside down, putting the rabbit's head 
in a favorable ‘position for inserting a Holinger 
9 mm anterior commissure laryngoscope with 
a fiber optie light source. One tenth milliliter 
of the emulsio of egg albumin, plus Freund's 
complete adjuvant; was injected directly into 
the subepithelial lymphatic tissue of the an- 
terior half of the right palatine tonsil of five 
rabbits. An emulsion of bovine serum albumin, 
plus Freund’s complete adjuvant, was similar- 
ly injected into the tonsils of five other rab- 
bits. One control rabbit received an intraton- 
sillar injection of Freund’s adjuvant alone, and 
four control rabbits did not receive sensitizing 
injections. Five weeks later, 0.5 ml of protein 
plus Freund’s complete adjuvant were injected 
subcutaneously (on the dorsal thorax) into 
each experimental rabbit and into one unsen- 
sitizied control rabbit. Four days after this 
booster dose, rabbits were sacrificed by gen- 
eral anesthesia followed by an intravenous in- 
jection of 20 ml of air. Challenge doses by 
topical application of appropriate 3% or 10% 
antigen solutions or by aerosol spray of the 
same solutions were tried, and discontinued 
because of a lack of detectable histological 
changes. Challenge doses by intratonsillar in- 
jection of 0:05 ml 3% antigen solutions were 
tried and discontinued because this was fatal. 
Even when this challenge dose was diluted 
1:50, small localized ulceration was followed 
by progressive necrosis, so local challenge was 
discontinued. 


Tissue Processing. The tonsils were dissected 
free immediately after death. Thin (2 mm) 
slices for electron microscopy were cut per- 
pendicular to the flat crypt epithelium and 
above the reaction granuloma in experimental 
tissues. Controls and experimentals were pro- 
cessed together to avoid any artifactual fine 
structural differences. Slices were placed in 3% 
glutaraldehye in 0.05 M phosphate buffer 
(Sorensen) at pH 7.25, and subsequently 
trimmed into small blocks that included the 
epithelium and immediate subepithelial lym- 
phatic tissue. Adjacent areas of the tonsil were 
fixed in 10% formalin and made into routine 
paraffin-embedded sections stained with H & 
E. The glutaraldehyde fixed blocks were post- 
fixed in 2€ osmium tetroxide, also phosphate 
buffered at pH 7.25, and embedded in Epon®. 
Sections were cut with a Porter-Blum MT-1 
microtome. One micrometer Epon® sections 
were stained with azure II-methylene blue. 
The ultrathin sections were stained with uranyl 
acetate and lead citrate. 


Cell Counts. The total number and relative 
numbers of different lymphoid cells in the 


*U. S. Biochemical Corp, Cleveland, OH. 
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crypt epithelium, halfway down from the crypt 
opening, were counted in 1 um Epon® sec- 
tions, Lymphoid cell types were identified in 
four rectangular zones, 0.12 x 0.18 mm, in 
each of five control and seven injected and 
challenged rabbits. In the experimental tonsils, 
cell counts were made in the crypt epithelium 
over the injected halves of the tonsils. In ad- 
dition, counts were made, in electron micro- 
graphs of control tonsils, of contact zones be- 
tween epithelial cells and 20 medium-sized (9 
to 13 um) lymphocytes containing highly de- 
veloped granular endoplasmic reticulum. The 
same was done for experimental tonsils. Counts 
were made of small lymphocytes emigrating 
through or still within the basal lamina of 30 
postcapillary venules immediately beneath the 
crypt epithelium. 'These counts were made in 
l um Epon® sections and in electron micro- 
graphs of four control and ten experimental 
tonsils. 


RESULTS 


Normal Gross Appearance. Dissection 
showed the palatine tonsils were ad- 
jacent to the root of the tongue, and 
much lower in relation to the entrance 
of the oral pharynx than in humans 
(Fig. 1). The oral cavity of the rabbit 
is in the form of a long, flat arch that 
passes caudally and ventrally. Because 
of this the palatine tonsils could not be 
observed through the open mouth of 
the living rabbit, even with the use of 
a tongue depressor. Viewed through the 
laryngoscope the tonsils appeared as 
two elongated flat structures, each bi- 
sected lengthwise by a single cleft. This 
cleft opened slightly when the rabbit 
swallowed. 


Light Microscopy of Controls. Trans- 
verse,  paraffin-embedded sections 
through the elongated tonsil showed the 
surface cleft was the entrance to one 
deep, flat, unbranched crypt (Fig. 2). 
A single layer of lymph nodules was 
present beneath each crypt surface. 
These nodules had caps of small lym- 
phocytes facing the epithelium (Fig. 2). 
Longitudinal sections deep to, and par- 
allel with the crypt epithelium showed 
there were normally about 20 nodules in 
each half of a tonsil (Fig. 3). The crypt 
epithelium was infiltrated with lym- 
phoid cells but accurate differentiation 
of cell types was impossible in paraffin 
sections. 


Two types of intercellular spaces 
could be identified in the 1 „m Epon® 


**Pittman-Moore Inc, Washington Crossing, NJ. 
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Fig. 1. Dissection showing appearance and relationships of normal palatine tonsils. 
Right tonsil (RT) pulled laterally; Left tonsil (LT); Mucous pass adjacent to tonsil 
(MG); Mucous glands at base of tongue (MT); Light, hyperkeratinized zone of pos- 
terior half of tongue ( LZT); Superior surface of epiglottis ano head). (X 2.5) 

Fig. 2. Profile of single flat, pocket-like crypt in normal tonsil. Epithelium of crypt 
opening (CO); Epithelium (E) on surface of tonsil; Lymph nodules (LN) beneath crypt 
epithelium; Mucous glands (MG); Beginning of lymphocyte infiltration (arrow head). 
(Paraffin section, H&E, X 35) 

Fig. 3. Section beneath and parallel to epithelium of flat, pocket-like crypt shown 
in Fig. 2. Lymph nodules (LN); Mucous gland ducts (D). (Paraffin, H&E, X 35) 


sections. The broader passages were  intercellular spaces (interfacial canals) 
characterized by columns of lymphoid usually did not contain lymphoid cells 
cells that abutted against epithelial cell and showed desmosomal attachments 
surfaces (Figs. 4 and 5). The narrower (Fig. 5). The cytoplasm of crypt epi- 





thick 


Fig. 5. Higher magnification of Fig. 4. Macrophages (M) contain phagocytized 
material. Small lymphocyte (L) with prominent nucleolus; Medium sized lymphocytes 
with basophilic cytoplasm (B) and negative image of Golgi apparatus; Epithelial cells 
show desmosomal attachments (arrow). (X 1,400) 


Fig. 6. Deep crypt epithelium of tonsil injected and challenged with ovalbumin. 
Various sized lymphocytes (L) and macrophages (M) are between epithelial cells (E), 
some of which are flattened (F). A medium size lymphocytes in "hand mirror" shape 
(LH) shows "handle" extending down towards basal lamina (arrow head). (Epon$, 
azure II-methylene blue, X 1,750) 


Fig. 7. Postcapillary venule immediately beneath crypt epithelium of tonsil injected 
and challenged with bovine serum albumin. Tall endothelial cells (EN); Emigrating small 
lymphocyte (L); Three small lymphocytes (1,2,3) outside endothelial cells, but within 
an indistinct basal lamina. (Epon®, azure II-methylene blue, X 1,100) 
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thelial cells stained a darker blue than 
the cytoplasm of invading lymphoid 
cells, even the medium sized basophilic 
lymphocytes. 


Counts of the relative numbers of 
lymphoid cell types that infiltrated the 
midcrypt epithelial ^ passageways 
showed approximately 25% small lym- 
phocytes, 30% medium sized basophilic 
lymphocytes, 25% macrophages, 15% 
neutrophiles, and 5% other lymphoid 
cells that included large lymphocytes, 
blast cells, and mast cells. These per- 
centages changed in the experimental 
tonsils (see below) with the greatest 
increase in the number of small lym- 
phocytes (Fig. 6). Counts of small lym- 
phocytes observed emigrating through 
postcapillary venules immediately be- 
neath the epithelium gave a mean num- 
ber of four. Increased numbers of emi- 
grating small lymphocytes were appar- 
ent in the experimentals (Fig. 7). 


Electron Microscopy of Controls. 
Crypt epithelial cells at all levels had 
euchromatic nuclei, prominent nucleoli, 
large numbers of free ribosomes, some 
polysomes, rare granular endoplasmic 
reticula, small Golgi complexes, occa- 
sional membrane-bound vacuoles with 
electron translucent matrixes and occa- 
sional micropinocytic vesicles at the sur- 
face (Fig. 8). Surface membranes that 
faced broad passages were mostly flat 
with only occasional fluting. This sur- 
face was always devoid of desmosomes 
and devoid of microvilli (Fig. 8). Other 
surfaces of the same epithelial cells and 
all other interepithelial cell surfaces had 
mostly smooth plasma membranes be- 
tween desmosomal attachments with 
their associated cytoplasmic tonofila- 
ments (Fig. 8). Only rare small clusters 
of several microvilli were observed on 
the surfaces lining interfacial canals 
(Fig. 8). A mean of four contact points 
was counted between epithelial cells 
and the surface of medium-sized lym- 
phocytes containing highly organized 
granular endoplasmic reticula. Electron 
microscopy of postcapillary venules 
showed, as did the 1 m Epon® sections, 
a mean of four emigrating small lym- 
phocytes per cross section. 


Light Microscopy of Experimentals. 
Five days after the initial sensitization 
injection, tonsils appeared slightly en- 
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larged and hyperemic, and remained so 
for the subsequent five weeks:;Contra- 
lateral tonsils appeared normal. Follow- 
ing the challenge subcutaneous injec- 
tion of antigen, the injected tonsils ap- 
peared even more enlarged and hyper- 
emic. Paraffin sections showed sterile 
granulomas beneath the crypt epitheli- 
um of the injected half: tonsil. These 
contained | many  epithéloid . macro- 
phages, numerous small.and- medium 
lymphocytes, large blast:;célls, typical 
plasma cells and moderate numbers of 
polymorphonuclear. cells. This granula- 
tion tissue. did not extend into the crypt 
epithelium. However there was a 25% 
increase inthe total numbers of infil- 
trated lymphoid cells. 


Counts. in Epon? sections (Fig. 6) 
showed he proportion of small lym- 
phocytes rose from 25% in the controls 
to 40% in the experimentals, basophilic 
medium lymphocytes rose from 30% to 
35%, macrophages decreased from 25% 
to 18%, neutrophils decreased from 15% 
to 5%, other cells from 5% to 2%. 


Electron Microscopy of Experimen- 
tals. Dramatic alteration occurred in the 
plasma membranes of crypt epithelial 
cells. Surface membranes that faced in- 
terfacial canals showed vast increases 
in microvilli (Fig. 9). In addition these 
intercellular spaces appeared more ex- 
panded: than in controls. This was a 
consistent finding in injected and chal- 
lenged tonsils, and occurred predomi- 
nantly in.large groups of cells in the 
upper two thirds of the crypt epitheli- 
um. Lesser numbers of similar cells oc- 
curred at lower levels. The number of 
contact points between the surfaces of 
epithelial cells: and cytoplasmic projec- 
tions or microvilli of medium-sized lym- 
phocytes containing a highly organized 
granular endoplasmic reticulum in- 
creased to a mean of eight. The mean 
number of emigrating small lympho- 
cytes from subepithelial postcapillary 
venules increased from four to seven 
(Figs. 7 and 10). 


DISCUSSION 


Microvilli Increase. Although micro- 
villi are usually thought of as compo- 
nents of striated or brush borders, they 
are in fact present on almost all cells 
of the body.'? Most often microvilli are 
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lenged with ovalbumin. Epithelial cells ( 


attachment (DA). Increased number of microvi 





Fig. 9. Interfacial canals between crypt epithelial cells of tonsil injected and chal- 
É). E 








rocesses (EP). Desmosome 


paan cell 
ace expanded interfacial ca- 


i (arrows) 


nals. Smooth cell surface (S) still faces small lymphocyte (L) and secretory B-type 
lymphocyte (B). Free ribosomes (Y). (EM, X 12,160) 


Fig. 10. Postcapillary venule immediately beneath epithelium of same tonsil shown 
in Fig. 7. Endothelial cells (EN); Small lymphocyte (L), polymorphonuclear all (PM), 


and four red blood cells (1,2,3,4) in lumen; 


Emigrating small lymphocyte (EL); Tip 


of nucleus of another endothelial cell (TN). (EM, X 12,160) 


relatively few in number, as illustrated 
by the few present on the surfaces of 
crypt epithelial cells of the control ton- 
sils (Fig. 8). Increases in the number of 
microvilli as occurred in the injected 


and challenged tonsils (Fig. 9) have 
been correlated with either increased 
secretion or increased absorption.? In- 
creased microvilli can also be artifac- 
tual, especially if the cells (e.g., leuko- 
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cytes) are processed in part in suspen- 
sion. To avoid even the less likely arti- 
factual microvillation in tissue blocks, 
control arid" experimental tonsils were 
» processed simultaneously. 

Prosecretion, The crypt epithelial cells 
of the control tonsils showed many fine 
structural similarities to epithelial retic- 
ular cells of the thymus. Both cells have 
euchromatic nuclei, prominent nucleoli, 
prominent .desmosomal attachments 
with cytoplasmic ` tonofilaments, small 
amounts of granular. endoplasmic retic- 
ula, small “Golgi ‘apparatuses, good 
amounts of free ribosomes and poly- 
somes, only occasional small membrane 
bond vacuoles and occasional pinocy- 
totic vesicles. Both cells are closely 
associated with small lymphocytes. 


The microvilli we observed on the ton- 
sillar crypt epithelial cells of control ton- 
sils closely resembled the microvilli that 
have been observed on thymic epithelial 
cells of young mice. Both character- 
istically face expanded intercellular 
spaces. Furthermore these active thymic 
epithelial cells of the young mouse sim- 
ilarly contain secretory-like vacuoles 
with electron translucent contents. Only 
thymic epithelial cells of aged mice 
contain secretory vesicles with coarse, 
electron-opaque material." 


The increase in number of epithelial 
microvilli in the experimental tonsils 
occurred at the same time that the num- 
ber of infiltrated small lymphocytes in- 
creased, and the proportion of infiltrat- 
ed small lymphocytes among other in- 
filtrated cells almost doubled. In addi- 
tion, an increase occurred in the number 
of emigrating small lymphocytes from 
postcapillary venules immediately be- 
neath the epithelium. These observa- 
tions and the fine structural similarities 
between crvpt epithelial cells and thy- 
mic epithelial cells suggest the possi- 
hility that the crypt epithelial cells of 
the injected tonsils secreted more of a 
low molecular weight substance like 
thymosin or thvmopoietin. These ex- 
tractions from the thvmus are known to 
promote T-cell activity, and indirectly, 
B-lymphocyte activity.!? Secretions from 
crypt epithelial cells could pass via the 
interfacial canals (distended in our ex- 
perimental tonsils) to a communicating 
network of subepithelial Ivmnhatics;? or 
into capillaries in the crypt epithelium. 
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The fine structure of the epithelial 
cells is less compatible with a hypo- 
thetical secretion of secretory piece, 
which could combine with immunoglob- 
ulin-A secreted by the adjacent medi- 
um-sized lymphocytes with highly or- 
ganized granular endoplasmic reticula. 
Furthermore secretory piece has not 
been found in tonsillar crypt epithelial 
cells of humans.*'' The absence of 
large numbers of small, dense secretion 
granules makes less likely the secretion 
of biologic amines, small polypeptide 
hormones attached to larger molecules, 
or higher molecular weight polypep- 
tides. Because the crypt epithelial cells 
and small lymphocytes have similar con- 
centrations of free ribosomes, the pos- 
sible secretion of some kind of lvmpho- 
kine substance by epithelial cells should 
not be ruled out. 


Proabsorption. There is less support 
for the speculation that the increased 
epithelial microvillation in the injected 
tonsils was evidence of increased ab- 
sorption. Fitchelius? reviewed evidence 
that enteric epithelial cells, including 
those of the tonsils, retain some phago- 
cytotic properties of epithelial cells of 
lower phyla. Microvilli and pinocytotic 
vesicles are two criteria that the rabbit 
tonsillar cells had, but lvsosomes were 
not present. Tóro and Oláh.” while in- 
vestigating the absorption of substances 
through the tonsillar epithelium, found 
no evidence of absorption into crypt 
epithelial cells. 


Contact Points. The increased number 
of contact points between epithelial 
cells and medium-sized Ivmphocytes 
with hiehlv developed granular endo- 
plasmic reticula may have been simply 
caused bv the tighter nocking of lym- 
phoid cells within the broad passage- 
wavs. Passages are sealed off by intact 
surface epithelial cells." Rv higher mag- 
nification we found the contact points 
were not gap junctions. 


Freund’s Adjuvant. The mechanism 
bv which Freund’s complete adiuvant 
produced both cellular and humoral 
immune reactions is still not completely 
understood.'® The histopathologic ef- 
fects vary according to the site of in- 
jection and animal.? In this investiga- 
tion the cell populations in the sub- 
epithelial granulomas strongly indicated 
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both types of immune reactions did in 
fact occur. Besides masses of epithelioid 
and giant cells there were many small 
lymphocytes and lymphoblasts, two 
cells characteristic of the cellular im- 
mune response. The many plasma cells 
within the granuloma suggested con- 
current humoral immune response. This 
is in accord with in vitro studies that 
indicate antigen reactive T and B cells 
are present in minced whole rabbit 
tonsil.2° While typical plasma cells were 
virtually absent in the epithelium, the 
increased number of medium-sized lym- 
phocytes with well developed granular 
endoplasmic reticula, seen with the elec- 
tron microscope, are in accord with flu- 
orescent microscopic evidence that the 
humoral immune response extends into 
the epithelial broad passageways.!*?^? 
The increased numbers of small lym- 
phocytes suggest the cellular immune 
response also extended into the epi- 
thelium.?? 


Challenge Injections. Other sites for 
immunologic challenge were attempted 
before using the subcutaneous route. 
Booster injections directly into the tonsil 
elicited fatal or ulcerative and necrotic 
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reactions. Aerosol spray or direct appli- 
cation of the antigenic protein on the 


tonsillar crypt did not elicit.a, greater. . . 


reaction than was already present in the" ` 
epithelium from the original sensitixa- 
tion five weeks previously. This lack of 
change may have occurred because 
there was still an epithelial reaction to 
persisting subepithelial antigenic ma- 
terial, and the addition of the little more 
antigen could not elicit a true secondary 
immune response. Similar phenomena 
were originally observed. by: Halbert et 
al.?* Another possible explanation is that 
enough antigenic protein; administered 
topically or bv aerosol spray, did not 
enter the epithelium to initiate a re- 
sponse. 


Value of Laryngoscope. With the use 
of the laryngoscope, the palatine tonsils 
of the rabbit become the only lymphoid 
organs cf this animal that can be directly 
viewed and directly injected with con- 
trolled amounts of antigenic material. 
The other two laboratory animals com- 
monly used in immunological studies, 
the rat and mouse, do not have palatine 
tonsils to be so approached."* 
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EXTRACRANIAL MENINGIOMA Miss 


RANDALL G. MicuEgL, MD 
VANDENBERG AIR Force BASE, CALIFORNIA 
Bretr H. Wooparp, MD 


DurHAM, NonrH CAROLINA 


A patient is presented with findings of separate intracranial and extracranial meningiomas, 
each of a different histologic type. A calcified fibrous meningioma, with secondary psammoma- 
tous features, presented as a left neck mass associated with hoarseness, dysphagia, a unilateral 
facial weakness and hearing loss. A noncalcified asymptomatic intracranial syncytial meningioma 
was discovered in the left frontal lobe after computerized tomographic and angiographic study 
of the cranial contents. The origin of the extracranial meningioma producing multiple unilateral 
cranial nerve disturbances and serous otitis media is discussed. The noncontiguous tumors in 
this patients are felt to have separate origins, with the extracranial lesion most likely arising in 
the temporal bone. i 


Meningiomas constitute about 15% of ogy Clinic with a chief complaint of an 
all intracranial tumors,^? while primary enlarging neck mass and left ear pain. 
and secondary meningiomas presenting She related that the mass was first noted 
outside of the central nervous system some 50 years before, when she was a 
(CNS) are relatively uncommon. Opin- teenager. Thirty-two years prior to ad- 
ion is divided regarding the origin of mission she was evaluated with a biopsy 
primary ectopic meningiomas. Since and apparently treated with radium in 
meningiomas have been shown to arise Wilmington, North Carolina. However, 
from cells lining the arachnoid villi? one no records remain of the treatment or 
school of thought believes that primary biopsy results. The neck mass remained 
ectopic meningiomas arise from nests of stable in size for the ensuing 15 years. 
arachnoid cells outside the cranium and Fourteen years prior to admission the 
along the lines of fusion of the embry- mass again was noted to enlarge and 
onic skull and spine.» These arach- the patient began to note left facial 
noidal cells have been described ac- weakness and a change in her voice, 
companying cranial nerves.^? The other with tongue weakness and hoarseness. 
school holds that such primary tumors In addition, she had some difficulty 
may arise from multipotential mesen- with aspiration of liquids. The patient 
chymal cells.?? Secondary forms of ec- became acclimated to these symptoms, 
topic meningiomas usually arise as a re- and only sought continued evaluation 
sult of direct extension from a tumor of when she noted left ear pain and an 
the central neuraxis.? Metastasizing apparent enlargement in the left neck 
CNS meningioma is also recognized.? ^ mass. Upon initial evaluation in the 
Hoye et al® have classified the possible otolaryngology clinic, the patient de- 
mechanisms of extracranial meningioma scribed a full feeling in the left ear, 
formation (Table 1). The exact origin associated with a loss of hearing and 
of an extracranial meningioma in a given a low-pitched roaring sound. She re- 


patient may be somewhat obscure. jected any symptoms of otorrhea, verti- 
go, headache, seizures, paresthesia or 
CASE REPORT extremity weakness. She stated that she 


ae. was otherwise well. with a good appe- 

The patient is a 64-year-old Cauca- tite and stable weight. Her past medical 

sian female who presented to the Duke history, family history and review of 
University Medical Center Otolaryngol- systems were unremarkable. 


From the Departments of Otolaryngology and Pathology, Duke University Medical Center, 
Durham, North Carolina. 


Presented at the 12th Annual Duke-McPherson Otolaryngology Symposium, Durham, North 
Carolina, May 19-21, 1978. 
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Fig. 1. A) Lateral and B) Submentovertex roentgenograms of calcified left neck 


mass, 


Examination of the. head. and neck 
was remarkable for an obvious left pe- 
ripheral facial weakness. The pupils 
were equal and reacted to light. The 
extraocular movements were intact. 
There was a rock-hard left parotid mass 
measuring 8 cm by 5 cm. This was im- 
mobile and nontender. The ears re- 
vealed a dull, retracted left tympanic 
membrane with poor mobility demon- 
strated by pneumatic otoscopy. With a 
512 Hz tuning fork, bone conduction 
exceeded air conduction on the left and 
the Weber test localized to the left ear. 
The oral examination showed a left 
tongue atrophy with deviation to the 


TABLE 1. EXTRACRANIAL 
MENINGIOMA FORMATION* 








Primary intracranial meningioma with direct 
extension outside the skull 


Meningioma originating from arachnoid cells 
and accompanying nerve sheaths 


Meningiomas without any demonstrable con- 
nection with a cranial nerve 


Metastases from an intracranial meningioma 


left on protrusion. The gag reflex was 
decreased on the left with deviation of 
the uvula to the right. The oropharynx 
was distorted with an obvious mucosa- 
covered mass projecting into the left 
oropharynx. Indirect mirror examination 
of the hypopharynx and larynx was re- 
markable for a paralyzed left vocal cord. 
The neck was supple with a normal 
thvroid. No vascular bruits were au- 
dible. There was obvious sternocleido- 
mastoid and trapezius muscle weakness 
with a left shoulder drop. The neuro- 
logical examination confirmed a left pe- 
ripheral VII nerve weakness with absent 


tearing. Left cranial nerves IX, X, XI 
and XII likewise showed abnormal func- 
tions. The higher integrative functions 
appeared intact. Cerebellar function 
was normal and there was no extremity 
weakness or loss of sensation. The deep 
tendon reflexes were symmetrical. The 
remainder of the physical examination 
was normal. 


Following hospital admission, the pa- 
tient underwent plain mastoid and pe- 
trous pyramid radiography (Fig. 1). 
These showed an extensive calcified 
mass extending from the left base of 
the skull inferiorly, to below the angle 
of the mandible. Medially it extended to 
the midpharynx. Audiometric evaluation 
showed a 20-30 dB conductive hearing 
loss on the left. Tympanometry revealed 
reduced compliance on the left, compat- 
ible with middle ear effusion. On April 
17, 1977, the patient underwent open bi- 
opsy of the left parotid mass, as well as 
a left myringotomy and placement of a 
tympanostomy tube. Pathological exami- 
nation of the tissue from the parotid mass 
showed a fibrous meningioma with sec- 
ondary psammomatous features. The 
patient was therefore seen in consulta- 
tion with the Department of Neurology 
and Division of Neurosurgery. Com- 
puterized tomographic scanning and 
cerebral angiography were carried out. 
The selected left carotid artery study 
and computerized tomographic scan 
demonstrated a second noncalcified 3.5 
cm lesion (Fig. 2). The lesion was hy- 
pervascular and appeared fed by a hy- 
pertrophied left middle meningeal 
artery and branches of the left middle 
cerebral artery. On April 25, 1977, the 
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Fig. 2. A) Lateral and B) Postero-anterior views of selective left carotid angiogram 
showing a hypervascular left frontal lobe lesion. 


patient underwent a left frontal crani- 
otomy with the finding of a yellow bos- 
selated tissue mass measuring 3.5 cm in 
diameter. This was totally removed, and 
the patient had a benign postoperative 
course, except for a transient right arm 
weakness. It was felt that no attempt 
should be made to resect the left neck 
tumor. The patient has remained well 
to date. 
PATHOLOGY 


Left parotid mass. The specimen was 


composed of: calcified, brown nodules 
(1 cm by L5 cm by 0.8 cm aggregate 
measurement) with little attached fi- 
brous tissue. Microscopically, it con- 
tained no ‘salivary gland tissue. Lamel- 
lated, calcified spherules nearly exclud- 
ed an intervening fibrous stroma (Fig. 
3A). The stroma cells had spindle 
shapes with elongated nuclei or occa- 
sionally oval nuclei with internuclear 
pseudoinclusions. No cellular atypia was 
evident (Fig. 3B). 





Fig. 3. A) Neck mass showing lamellated calcified spheres nearly excluding inter- 
vening fibrous stroma (X88). B) Intervening fibrous stroma with lamellation evident 
in adjacent spherules (X680). 


Av 


lobules (X88). 


CNS mass. The specimen was com- 
posed of a single pink to pale tan, bos- 
selated mass (3.5 cm by 3 cm by 3 cm 
in diameter). Upon sectioning, nodules 
and thick bands interrupted by pockets 
of yellowish material were seen. Micro- 
scopically, syncytiums of eosinophilic 
cells with round nuclei and some in- 
tranuclear pseudoinclusions formed dis- 
tinct whorls and lobules (Fig. 4). With- 
in some areas, nuclear atypia and rare 
mitotic figures were noted. However, 
the lesion was well contained within the 
cranial vault by the cerebral cortex be- 
low and.dense fibrous tissue above it. 


DISCUSSION -` 


Meningiomas are variously .classified 
on a morphologic basis (Table 2) .** The 
variants of meningioma are described 
according to their predominant morpho- 
logic pattern, although intermediate 
morphologic types exist and variable 
patterns may be seen within the same 
tumor. The numerous psammoma 
bodies and scant fibrous stroma charac- 


TABLE 2, CLASSIFICATION OF 
MENINGIOMAS* 





Syncytial meningioma 

Transitional meningioma 
Fibroblastic meningioma 
Angioblastic meningioma 
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TABLE 3. THE MOST COMMON SITES 
OF EXTRACRANIAL MENINGIOMA 








Skull bones 
Scalp 

Orbit 

Nose 

Paranasal sinuses 
Middle ear 


terize our patient’s neck lesion as a 
fibrous meningioma with secondary 
psammomatous features. The synctium 
of eosinophilic cytoplasm organized into 
whorls and lobules characterize the in- 
tracranial lesion as a syncytial meningi- 
oma.'*'' Clinically, the meningioma 
presenting in the neck was calcified, 
while the intracranial lesion was not 
evident until more elaborate studies 
were performed. 


Many interesting cases of extracranial 
meningiomas have been reported;'*-^ 
the most common sites are delineated 
in Table 3. The clinical and patho- 
logical study of our patient summarizes 
many of the interesting points raised in 
regard to the origin of extracranial me- 
ningiomas. The exact origin of the ex- 
tracranial meningioma in our patient is 
speculative. There have been a number 
of case reports of meningiomas in the 
neck.52*** A case of primary parotid 
meningioma has been reported,?? which 
must be rare indeed. Binns?’ reported a 
case of a large neck meningioma pre- 
senting with the jugular foramen syn- 
drome similar to that seen in our patient. 
Ultimate followup in this patient re- 
vealed tumor extending into the posteri- 
or fossa. Seven such cases of meningi- 
omas, either intracranial or extracranial, 
causing a jugular foramen syndrome 
were found by Binns. Computerized 
tomographic and arteriographic studies 
failed to reveal a posterior fossa lesion 
in our patient. The tumor showed ex- 
tensive temporal bone involvement with 
the VII cranial nerve first involved clin- 
ically. Our patient's extracranial tumor 
may well have arisen from within the 
temporal bone.” Nager? in 1964 de- 
scribed arachnoid granulations found in 
the temporal bone. Such arachnoid gran- 
ulations were found along the greater 
superficial petrosal nerve, in the internal 
auditory meatus along the sheaths of the 
facial and vestibular nerves, in the re- 
gion of the geniculate ganglion and 
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finally at the jugular foramen surround- 
ing the glossopharyngeal, vagus and ac- 
cessory nerves, 


Etiologies other than primary ectopic 
meningioma must also be considered 
both clinically and morphologically. 
Metastatic psammomatous carcinomas 
of the thyroid, ovary or lung can mas- 
querade as meningiomas.? However, 
the stroma in these entities contains 
recognizable epithelial elements of the 
parent tissue, not fibrous elements (Fig. 
4). The rare occurrence of metastatic 
meningiomas can produce extracranial 
meningiomas.'?3^?* However, the pat- 
tern of the cranial meningioma persists 
in the metastatic focus and these are 
usually of an angioblastic morphology. 
As we have discussed, a direct extension 
from an intracranial meningioma is a 
well-known cause of soft tissue meningi- 


All 


omas. However, our patients lesions 
have two distinct morphologies and 
clinically the lesions were not contigu- 
ous, i 


The etiologic role of radiation therapy 
in producing meningiomas is specula- 
tive, although the literature suggests an 
association may exist.^?' The long in- 
terval between. the. radiation exposure 
and tumor formation (16-40 years) has 
been noted in some cases.?? In the face 
of multiple meningiomas, stigma of von 
Recklinghausen’s disease was sought, 
but none was found.?* 


We feel that our patient's neck tumor, 
noted some 50 years before diagnosis 
of her brain tumor, represents a primary 
extracranial meningioma, probably aris- 
ing in the temporal bone, although this 
cannot be documented. 
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TISSUE ADHESION WITH HIGHLY CONCENTRATED HUMAN 
FIBRINOGEN IN OTOLARYNGOLOGY 


O. SrAiNDL, MD 


SALZBURG, AUSTRIA 


This paper summarizes a tissue adhesive system consisting of highly concentrated human 
fibrinogen and thrombin. The addition of blood-clotting factor XIII stabilizes the adhesive sys- 
tem against fibrinolysis. Although the adhesion system cannot and should not replace surgical 
suture, it provides valuable assistance in tissue synthesis and in local hemostasis, particularly in 
cases where conventional suture methods are especially difficult to apply. In addition to good 
adhesion, an elastic consistency, and good tissue compatibility, the adhesive is completely ab- 
sorbed and, therefore, preferable to conventional tissue adhesives based on cyanoacrylate. The 
system has been used successfully in split thickness skin graft application, myringoplasty, repair 
of dural defects, hemostasis after tonsillectomy, and achieving an airtight seal in tracheoplasty. 


Methods of tissue adhesion are a 
point of interest in almost all areas of 
surgery. The reason is that, although 
surgical suture as a means of tissue and 
wound conjugation does have its assured 
place in surgery, it can cause complica- 
tions of various kinds. Suture fistulas 
and granulomas are, for example, a 
reaction of tissue incompatibility with 
the suture. In addition, any surgical 
suture allows only an interrupted tissue 
or wound conjugation. Except for cases 
where a planar tissue conjugation seems 
desirable, the surgical suture has not 
always proved successful; for example, 
it tends to cut through parenchymatous 
tissue and tissue which is not sufficiently 
vascularized. But also in tissue which is 
well supplied with blood, wound edge 
necroses can develop if sutures too 
closely spaced restrict blood supply. 


The desire for an agent which will 
produce a biostable union between tis- 
sue planes has led to the development 
of various kinds of tissue adhesive, the 
most common of which are based on 
cyanoacrylate. However, use of this sub- 
stance has resulted in problems ranging 
from local tissue reaction to rejection of 
the adhesive. Kastenbauer,! for example, 
reported fistulas and local wound sup- 
puration as a consequence of the tissue 
incompatibility of cyanoacrylate in the 
case of adhesion of bone grafts during 
saddlenose operations. 


The requirements of a tissue adhesive 
are that it develop good adhesion prop- 
erties in the immediate postoperative 
phase, that it not lead to a disturbance 
in the closing of the wound, and that it 
gradually j e aa or be absorbed. 
Therefore, use of fibrin, or alternately 
of fibrinogen, as a tissue adhesive arose 
very early. 


'Bergel? was the first to report the he- 
mostyptic effect of fibrin powder, with 
which hemostasis could be achieved 
through adhesion to the small open ves- 
sels. In 1915, Grey? and Harvey* used 
fibrin tampons and thin fibrin sheets for 
coagulation in parenchymatous organs. 
Seddon? and Seddon and Medawar’ re- 
ported, in 1942, nerve anastomoses with 
fibrinogen. In 1944, Cronkite et al’ and 
Tidrick and Warner? used fibrinogen for 
the first time in combination with throm- 
bin for the fixation of skin grafts. In 
1950, Tarlov and Benjamin? carried out 
anastomoses of peripheral nerves with 
fibrinogen as the adhesive. Miehlke!? 
has also extensively described the so- 
called plasma suture for use in the intra- 
and extratemporal course of the facial 
nerve. 


The limited use of coagulants, despite 
a number of reports in the literature, 
might be explained by the fact that with 
too low fibrinogen concentrations only 
a minor adhesive effect could be 
achieved. Matras et al were able to 
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achieve excellent adhesive effects in 
animal experiments and later with nerve 
anastomoses in humans with the help of 
highly concentrated fibrinogen. 


Since 1975 an increasing amount of 
experience with fibrinogen tissue ad- 
hesion in various surgical fields has been 
reported. Braun et al,? Spängler et al, 
and Spüngler'* reported cases of tissue 
adhesion in liver ruptures, vessel anas- 
tomoses in cardiac surgery, and experi- 
ence with skin grafts. In 1976, Rauch- 
enwald et al reported a kidney trans- 
plant using fibrinogen adhesion. 


In the Department of Otolaryngology 
at Salzburg Hospital, we have tested 
tissue adhesion with: fibrinogen and re- 
ported the results in a number of indi- 
vidual publications. The purpose of this 
paper is to summarize the results of our 
clinical research and discuss the indica- 
tions for fibrinogen tissue adhesion. 


METHODS AND MATERIALS 


Polymerization of the fibrinomer, which oc- 
curs in coagulation, is the basis of fibrinogen 
adhesion. Highly concentrated human fibrino- 
gen is brought to coagulation with the help of 
a thrombin solution. The polymer is stabilized 
by an active blood-clotting factor of a trans- 
glutaminase with cross connections. The blood- 
clotting factor XIII causes a covalent cross 
bond of a fibrin net which is initially held to- 
gether loosely by hydrogen bonds. Thus, not 
only a mechanical stabilization, but also an 
increased resistance to fibrinolysis is achieved. 


Spüngler et al^ were able to prove that a 
fibrin clot is easily lysed with streptokinase, 
trypsin and plasmin, without the addition of 
factor XIII. The addition of factor XIII con- 
siderably delays lysis of the clot by the above. 
We therefore used three different substances 
as adhesive ‘material: 1) human fibrinogen 
cryoprecipitate (total, content 120 mg/ml, of 
which 110 mg/ml was thrombin-precipitable 
protein-fibrinogen)?; 2) thrombin (10 mg 
Topostasin Roche-3000 INH, dissolved in 5 
ml Ringer's solution with the addition of the 
double amount of calcium ions); and 3) fac- 
tor XIII concentrate,?* one standard package 
dissolved in distilled water. 


The combination of these three substances 
yields, in vitro, a colorless gel which increas- 
ingly solidifies and finally becomes a fibrin 
clot. This clot cannot be dissolved with syn- 
thetic fibrinolysis unless the concentration is 
extremely high. In clinical application, how- 
ever, it is subject to normal fibrinolysis; thus 
coagulation, and therefore adhesion, is not 
maintained after a certain period of time. The 
time is dependent on the concentration of fibri- 
nolytic substances in the area of operation, 


*Immuno Inc, Vienna, Austria. 
**Beringwerke, Marburg. 
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and can be delayed by using e-amino caproic 
acid to block the fibrinolytic activity of strep- 
tokinase, which occurs in very high local con- 
centration during operations. When it seemed 
desirable to preserve the adhesive function as 
long as possible, we rinsed the tissue with e- 
amino caproic acid before using the fibrin ad- 
hesive. 


The following properties of fibrinogen have 
proved to be particularly successful in clinical 
application in the field of otolaryngology: 1) 
the excellent adhesive strength allows a flat 
tissue adhesion; 2) the system is subject to 
fibrinolysis; that is, after a certain period of 
time the adhesive disappears completely from 
its original area of application; 3) the sub- 
stance allows a precise local hemostasis, since 
smaller hemorrhages are sealed by the fibrin 
clot; 4) in all cases where fibrinogen was used, 
we had the clinical impression that the healing 
of the wound was clearly accelerated; ie, re- 
pair of the wound is apparently faster when 
highly concentrated human fibrinogen is used. 


AUTOLOGOUS SKIN GRAFTING 


In all types of skin grafting, "take" 
depends on the circulation of the wound 
on the one hand, and on a good adap- 
tion and fixation of the graft on the 
other. The normal method of fixing a 
graft by means of surgical suture is 
always traumatic and sometimes virtual- 
ly impossible. In lining a bone cavity in 
the ear with a split skin graft, the flat 
adhesion of the graft to the wound is of 
considerable E erbe as compared 
with the conventional method of graft 
fixation by means of suture. 


Animal experiments by Braun et al, 
Spángler et al? and Spüngler'^ have 
shown that fixation of skin grafts with 
highly concentrated fibrinogen and 
thrombin is feasible. Improvement of the 
adhesiveness of fibrinogen was achieved 
by our addition of factor XIII. They 
fixed, on rats, circular autologous skin 
grafts 2.5 cm in diameter with fibrin, 
and then exposed them to a continu- 
ously increasing tension load until the 
graft was completely detached. The 
maximum loading capacity of the ad- 
hering parts, on the average, reached 
values higher than 300 gm. The histo- 
logical examination of a series of 90 
rats showed that, in comparison with 
conventional suture, the revasculariza- 
tion of skin grafts was faster and more 
intensive with fibrin. These studies also 
showed that heterologous fibrin has a 
very weak antigenic effect which can 
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be almost completely neutralized by 
the addition of factor XIII. 


In clinical use highly concentrated 
fibrinogen, which is available as a cryo- 
precipitate, is slowly warmed to room 
temperature. It is then applied to the 
adhering parts and brought to coagula- 
tion by the addition of a highly con- 
centrated thrombin solution and excess 
factor XIII. The skin graft has to be 
held on the wound for a few minutes 
with a slight pressure in order to achieve 
strong adhesion of the fibrin fibers to 
the tissue. 


Skin Grafts of the Face. Skin grafts 
of the face were done primarily on 
elderly patients with carcinoma or me- 
lanoblastoma. Following excision of the 
tumor, hemostasis was obtained electro- 
surgically. The defects were then cov- 
ered with free split skin grafts about 
1-2 mm larger than the primary wound 
defect. After a few minutes of light 
pressure, the operation could be com- 
pleted with a full, flat adhesion of the 
skin graft. The fixing of the graft by 
conventional suture would have in- 
creased the time of the operation, and 
thus the duration of general anesthesia. 
In all cases, the donor area was also 
covered with a flat fibrinogen layer 
which was brought to precipitation with 
thrombin. The viscous fibrin film led to 
a "sealing" of the punctuate tissue, and 
represented a tough elastic “fibrin band- 
age" which dried out gradually. After 
only a few days, the donor areas were 
fully epithelized and did not require 
further treatment. The adhering skin 
grafts were covered with a light com- 
pression bandage for five days after the 
operation. Of the 63 split skin grafts 
done to date, none have been lost. 


Full skin grafts were used to cover 
smaller facial defects. In addition to the 
flat adhesion with highly concentrated 
fribrinogen, adaption sutures (about 3-4 
mm apart) were made with suture (6- 
0). This was considered appropriate be- 
cause of the desired cosmetic effect. 
When only the fibrinogen adhesive was 
used, exact fixation at the wound edges 
was not always possible, and occasion- 
ally disturbing and slightly bulging scars 
developed. After extensive excision of 
melanoblastoma or other invasive le- 
sions, scar formation seemed to be of 
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little importance. In cases of full skin 
grafts to cover small defects in the face 
we did, however, prevent such scar 
formation by additional adaption su- 
tures. All of the 56 full skin grafts done 
have "taken." 


Split Skin Grafts of the Cranium. Ma- 
lignant skin tumors of the cranium often 
require deep excision, with the galea 
aponeurotica included in the area of 
excision. Thus the cranium becomes ex- 
posed, and coverage of the defect with 
a flap or free grafts is indicated. In 
such cases, we removed. the external 
table of the cranium with a chisel until 
the well-vascularized diploé was ex- 
posed. Since a graft can in no way be 
fixed to the cranium with a suture, it 
was fixed flatly on the diploé with high- 
ly concentrated human fibrinogen. In 
ll cases this method has proved ex- 
tremely successful. 


Split Skin Grafts of the Nose. Heredi- 
tary telangiectasia hemorrhagica (Os- 
lers disease) frequently results in tel- 
angiectasia of the vermilion and the nasal 
mucous membrane. Saunders!" de- 
scribed a procedure whereby the mucous 
membrane of the base of the nose and 
the nasal septum affected by numerous 
telangiectasia is removed, and the de- 
fect covered with a split skin graft. To 
allow sufficient access to the base of 
the nose, Saunders recommends folding 
back the nasal ala. We were able to 
avoid this additional intervention, since 
we fixed the graft on the wound with 
highly concentrated fibrinogen, without 
applying a single suture. In the course 
of the Saunders operation, the adhesion 
and sealing of smaller hemorrhages with 
fibrinogen has proved particularly bene- 
ficial, since detachment of the graft due 
to hematoma was prevented. In the two 
cases we operated on, no new growth 
of the telangiectasia of the nasal septum 
or the base of the nose was observed. 


Split Skin Grafts of the Ear. Bone 
cavities following radical operations of 
the ear normally require a long time for 
complete epithelization. They often re- 
quire lengthy postoperative treatment, 
which can be facilitated and consider- 
ably shortened by doing split skin grafts 
in the radical cavity. The fixation of a 
split skin graft on a radical cavity with 
surgical suture is virtually impossible. 
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Depnecke™  reccmmends tamponing 
the Thiersch. flap onto the operation 
'' area of the radical cavity. Difficulties in 
"taking" àrise. from bleeding between 
the graft and the bone and from pos- 
sible attachment of the graft to the 
gauze tampon. 


With the use of a fibrinogen tissue 
adhesive and the resultant "sealing" of 
seeping hemorrhages from the bone, de- 
velopment of hematoma can be avoided 
and a flat adhesion of the graft to the 
wound can be achieved. Thus, use of 
a gauze tampon with the complications 
described above ‘can be avoided. (A 
veryeloose tampon on the affixed split 
skin, nevertheless, seems advisable.) To 
avoid fixation to the gauze pad, eg, due 
to excessive fibrinogen tissue adhesive, 
we recommend placing a silicon pad be- 
tween the graft and the gauze tampon 
which can easily be removed after six 
to eight days. 


Dressing of Lesions. We do not rec- 
ommend the repair of routine surgical 
incisions by tissue adhesion with fibrino- 
gen, since it is not possible to achieve 
precise approximation of the wound 
edges, and it is very costly. 


However, tangential abrasions of the 
skin due to trauma are common and 
may be effectively treated with fibrino- 
gen. In cases involving glass splinters, 
eg, very thin skin flaps are lifted off 
the face; these are extremely difficult 
to fix even with very delicate sutures. 
Due to the elasticity of the skin, such 
flaps often shrink, resulting in keloid or 
hypertrophic scar formation. This can 
be prevented by a flat adhesion of tan- 
gential skin flaps to the wound area. 
The technique involves covering the ad- 
hering area with a thick layer of fibrin. 
With this method, shrinking in the area 
of the abraded skin flap can be avoided. 
Very fine, cosmetically satisfactory scars 
develop which do not require subse- 
quent correction. 


MYRINGOPLASTY 


Methods of fixing fascia grafts in the 
course of plastic repair of the eardrum 
are so well developed that additional 
support of the “take” through tissue 
adhesion does not seem necessary. We 
have carried out fascia adhesions in 
several cases, but could not see any dif- 


O. STAINDL 


ference in the postoperative phase or in 
the result as compared with the con- 
ventional method. 


However, in one case fibrinogen ad- 
hesion seems to be of considerable ad- 
vantage, ie, in the case of a recent 
traumatic perforation of the tympanic 
membrane. The wound edges of the 
tympanic membrane roll up after trau- 
matic perforations, and thus often delay 
normally spontaneous healing. We have 
adopted the method of unrolling the 
wound edges under the microscope and 
then sealing them with fibrinogen. This 
requires very little time and can be 
done on an outpatient basis. The fibrin- 
ogen seal also protects the auditory canal 
from foreign substances such as water. 


FIBRINOGEN ADHESION IN THE COURSE OF 
OPERATIVE TREATMENT OF 
DURAL INJURIES 


The otolaryngologist is confronted 
with the problem of treatment of dural 
defects: 1) in the treatment of recent 
frontobasal injuries with dural rupture 
and 2) in the treatment of frontobasal 
fistulas. In both cases, the ultimate ob- 
jective of surgical intervention is the 
so-called waterproof dural occlusion. In 
a frontobasal injury with cpening of 
the dura at the base of the nose, dural 
ruptures normally are closed with 
single-knot sutures which achieve abso- 
lutely safe occlusion of the defect. In 
addition the sutured area is normally 
covered with a graft. Autologous fascia, 
galea aponeurotica or lyophilized or 
dehydrated dura can be used as grafts. 
If the defects reach back deep into the 
base of the nose, fixation of a graft with 
surgical suture may be difficult. Fur- 
thermore, fixation with sutures does not 
guarantee a safe, waterproof dural oc- 
clusion. The use of concentrated fibrino- 
gen adhesive, however, allows an ab- 
solutely tight and flat fixation of the 
graft. The adhesive, ie, the fibrin poly- 
mer, also acts as an inducer of final 
fibrous healing. Our experience is lim- 
ited to the adhesion of autologous grafts, 
ie, galea and fascia lata. At a sym- 
posium of the Austrian Society for Sur- 
gery held in Graz in 1977, however, 
Kunze et al? reported the adhesion of 
lyophilized and dehydrated dura in the 
treatment of frontobasal fistulas. Eight 
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such cases were reported. In defects of 
the osseous orbital roof or wide opening 
of the paranasal sinus, the authors used 
(besides the dural graft) a collagen 
fleece soaked in fibrinogen, so that a 
sandwich-like, multilayered partition 
was achieved. In all cases the fistulas 
could be closed without relapse. In 
particular, no meningitis was observed 
in the postoperative phase. The authors 
emphasized that this method is tech- 
nically easy and allows a tight, tissue- 
saving occlusion of the fistula. 


FIBRINOGEN IN TONSILLECTOMIES 


The routine tonsillectomy does not 
require lavish hemostasis of the wound. 
Ligature or suture of a single vessel or 
a few lightly bleeding vessels represents 
a safe prophylaxis for possible hemor- 
rhages in the postoperative phase. 


Exceptions are those cases where 
there is an abnormality in coagulation 
and a bleeding tendency. It goes with- 
out saying that a known bleeding ten- 
dency needs to be diagnostically clari- 
fied and correctly treated before a ton- 
sillectomy. It may happen, however, that 
such a bleeding tendency manifests 
itself only during the course of the 
operation. The attempt to suture a large 
number of punctuate hemorrhages in the 
tonsillectomy area consequently leads to 
further traumatization of the wound and 
to new hemorrhages. The same is true 
for electrosurgical treatment in such 
cases. If the wound is covered with a 
thick film of highly concentrated fibrin- 
ogen, a viscous film of fibrin develops 
through precipitation with thrombin, 
and the hemorrhages are "sealed." In 
addition, it is also possible to instill 
fibrinogen into the loose connective tis- 
sue of the wound. In the postoperative 
phase, the fibrin is subject to fibrinoly- 
sis, or it is partly repelled, so that the 
adhesive cannot be identified in the 
tonsillectomy area after the third or 
fourth postoperative day. By then repair, 
in the sense of the healing of the wound, 
has sufficiently progressed. Exceptional 
secondary hemorrhages can also be 
treated by a renewed "sealing" with 
fibrinogen. 


FIXATION OF SUTURES WITH FIBRINOGEN 
ADHESIVE 


Too closely spaced sutures, eg, in the 
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course of repair of the hypopharynx af- 
ter a laryngectomy, can.cause a deti-. 
ciency in blood supply to the tissue and“ 
thus interfere with wound healing. The 
consequences are prolonged hypopha- 
ryngeal fistulas as:an expression of the 
disturbed healing of the wound. The use 
of fibrinogen adhesive, combined with 
a two layer suture, makes it possible to 
reduce the number of sutures consider- 
ably in such cases and yet provide a 
safe, tight occlusion of the wound. 


Of course, development of hypopha- 
ryngeal or esophageal fistulas is not just 
dependent on the proximity of the su- 
tures, but also on a series of oth& fac- 
tors, such as the general condition of 
the patient, or whether the surgical site 
has been preoperatively irradiated. The 
healing of the wound further depends . 
on the degree of traumatization of the 
tissue during the operation. A definite 
statement about the applicability of fi- 
brinogen tissue adhesive in the case of 
a hypopharyngeal occlusion can there- 
fore be uada only with reservations. In 
five patients with whom we used fibrin- 
ogen adhesive in addition to suture, no 
fistulas developed postoperatively. We 
also secured the suture with fibrinogen 
adhesive on a patient on whom a tra- 
cheal excision with end-to-end anasto- 
mosis had to be performed due to severe 
tracheal stenosis following a tracheot- 
omy. In the area of the party wall, the 
anastomosis was done with buried 
chromcatgut sutures. Within the carti- 
laginous tracheal rings we applied five 
single-knot sutures with surgical wire; 
fixation of the anastomosis with fibrino- 
gen adhesive was done in addition with 
the aim of achieving an airtight occlu- 
sion, thereby preventing postoperative 
emphysema of the neck. We performed 
this in one stage, ie, without an addi- 
tional tracheostomy. The postoperative 
phase was completely uneventful; radi- 
ologic and endoscopic controls of the 
anastomosis area showed a totally non- 
irritated and bland local situation. 


FIBRINOGEN ADHESIVE IN THE SURGERY 
OF THE FACIAL NERVE 


As early as 1940, Seddon and Meda- 
war’ attempted to join cut nerves with 
fibrinogen. Other authors mentioned 
earlier have performed fibrinogen ad- 
hesions on nerves, and in particular on 
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the facial nerve. Miehlke'? mentions the 
so-called plasma suture as an additional 
anastomosis: fixation of an end-to-end 
nerve suture, following the recommen- 
dations of Tarlov and Benjamin’ and 
Seddon and Medawar.* The plasma ob- 
tained through centrifugation of the pa- 
tient's blood fulfills its adhesive function 
due to its content of fibrinogen. In 1972, 
Matras et al" for the first time per- 
formed nerve anastomosis with the help 
of highly concentrated human fibrino- 
gen. The good results achieved, initially 
obtained in animal experiments, were 
also confirmed in man in 1975. It should 
be mentioned that tissue adhesion with 
fibrinogen cannot completely replace 
surgical suture in the surgery of facial 
nerves, but it provides à valuable ad- 
junct. On the one hand it allows an 
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adhesion in the area of the anastomosis 
itself, on the other it enables a suture 
fixation by splinting of the nerve with 
a fibrin film. In addition, it allows a 
reduction of the sutures used for adap- 
tation. 


We are still at the beginning of our 
experience with the application of the 
fibrinogen thrombin factor XIII system 
in the framework of tissue adhesion. 
Undoubtedly, further applications can 
be found in otolaryngology. So far, we 
have been able to show that this method 
is suitable in many cases for tissue syn- 
thesis and local hemostasis. It should be 
stressed that this method should or will 
in no way replace surgical suture. We 
believe, however, that the method de- 
scribed represents a valuable adjunct to 
conventional surgical methods. 
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INHIBITION OF LABYRINTHINE NYSTAGMUS BY VISUAL FIXATION: 
EFFECTS OF ABLATION OF VISUAL CORTEX AND i 
SUPERIOR COLLICULI 


Evi P. Liesman, MD 
Josepen U. Toca, MD 


PHILADELPHIA, PENNSYLVANIA 


A study was conducted to destroy two specific areas of the cat's visual system in order 
to determine if these lesions would affect the visual inhibition of calorically-induced vestibular 
nystagmus. The occipital visual cortex was removed in eight cats and the superior colliculi 
were removed bilaterally in nine cats. Postoperative vestibular testing revealed no significant 
change in the electronystagmography tracings and response to visual fixation, These findings 


suggest that, in cats, the visual inhibition of labyrinthine nysta 


us is not dependent upon 


the integrity of the visual cortex or superior colliculi. The hypothesis is brought forward that 
the visual inhibition of the vestibular nystagmus is merely a reflex of the brain stem to light 


stimulus, mediated via the cerebellum. 


Much is known about the close rela- 
tionship between visual and vestibular 
systems with relation to the pathophysi- 
ology of the vestibulo-ocular reflex: the 
vestibular system produces compensa- 
tory eye movements necessary for visual 
fixation during active and passive mo- 
tion; and eye movements, i.e., optoki- 
netic, interfere with the normal occur- 
rence of vestibular nystagmus. Less is 
known about the integration of vestibu- 
lar and visual stimuli at various levels 
of CNS function. Horn et al* and Bisti 
et al? have demonstrated that the neu- 
rons of the visual cortex and superior 
colliculi are influenced by vestibular 
stimuli (head tilt); this conclusion is 
disputed by Schwartzkroin? and needs 
further investigation. On the other hand 
several experiments have shown that 
visual stimulations inhibit vestibular nys- 
tagmus in animals*? and man;?** fur- 
thermore, the absence of visual inhibi- 
tion or the enhancement of nystagmus 
bv visual fixation is believed to signify 
CNS lesions. The question is here raised 
whether the inhibition of labyrinthine 
nystagmus by visual fixation is mediated 
via the cerebral visual cortex or is a 
brain stem reflex to a light stimulus 
similar to the pupillary light reflex. 


METHODS AND MATERIALS 


Seventeen cats were used in this series of 


experiments. Eight (group 1) had surgical re- 
moval of the occipital visual cortex (Fig.1) 
and nine (group 2) had bilateral surgical de- 
struction of the superior colliculi (Fig. 2). 


Surgical anesthesia’ was achieved with in- 
travenous sodium pentobarbital. There was 
one postoperative death due to failure to re- 
cover from anesthesia in group 1, and two op- 
erative fatalities in group 2 due to hemorrhage 
from laceration of dural sinuses. 


In addition to these two operative proce- 
dures described, one animal from group 1 had 
removal of the superior colliculi three months 
following the first operation, and one animal 
from group 2 had ablation of the occipital 
visual cortex bilaterally three months follow- 
ing the first operation. 


All animals were sacrificed at least three 
months after the experiment. The anterior 
vascular system was irrigated with 10% forma- 
lin solution. The brains were removed and 
stored in 10% formalin until blocked and sec- 
tioned. Sections were stained with cresyl vio- 
let. Sections were taken so that intervals were 
not greater than 0.5 mm. 


Testing Procedures. The nystagmus induced 
by caloric tests was recorded with ENG using 
time constant of three seconds. A channel re- 
corded the on-off activity of the light stim- 
ulus on the ENG tracing (Fig. 3). The board 
on which the animal was placed was situated 
so that the line between the external auditory 
canal and the inferior orbital ridge was ele- 
vated 45° above the horizontal plane. Ice 
water was introduced into the external audi- 
tory canal through intravenous tubing via 
gravity flow. The ice water was permitted to 
flow until an active horizontal nystagmus was 
present. Both ears were tested allowing five 
minutes rest between each test. Each ear was 


From the Departments of Otolaryngology and Neurology, Temple University School of Medi- 


cine and Hospital, Philadelphia, Pennsylvania. 


419 


420. - 





Fig. 1. Bilateral visual cortex ablation. 
The loss damage is shown. by the area 
outlined by fine oblique lines. Total 
shaded area shows the:most surgical dam- 
age. All other specimens fell within these 
two limits. Appropriate gyri are labeled 
on the left cerebral hemisphere. 


tested in the same manner except that a light 
source approximately 60 cm in front of the 
animal was activated periodically. The light 
source consisted of a 50 w incandescent bulb 
which was automatically turned off and on. 
The on time was approximately seven seconds 
and the off time was approximately 12 sec- 
onds. A synchronous signal was simultaneous- 
ly recorded on the ENG tracing to indicate 
the on-off times. Thus a baseline was first ob- 
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Fig. 3. ENG: Top line indicates on-off 
times of light stimulus (lt). Bottom line 
shows synchronous electronystagmograph- 
ic recording (eng). A) Inhibition of nys- 
tagmus; B) No inhibition of nystagmus. 


tained without light stimulus to determine 
that each animal's vestibular system was reac- 
tive and then after a five minute rest period 
the test was repeated with intermittent light 
stimulus to record changes in nystagmus pro- 
duced by the light. Each animal was retested 
several times to determine the consistency of 
response. A rest period of several days was 
allowed between each testing procedure. 


After a recovery period of four weeks fol- 
lowing each surgical procedure, animals were 
retested exactly as done preoperatively. 


RESULTS 


Preoperative testing disclosed that 12 
cats consistently evidenced inhibition of 
vestibular nystagmus as demonstrated 
by repeated decrease in nystagmus with 





Fig. 2. Histologic demonstrations of bilateral lesions of the superior colliculi. Sec- 
tions are shown caudal (A) to rostral (D). CA - Cerebral aqueduct; III - III nerve 
nucleus; RN - Red nucleus; MG - Medial geniculate; X - Marker. 
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TABLE 1. INHIBITION OF LABYRINTH NYSTAGMUS BY VISUAL FIXATION 
Present Absent Total 
Group 1 (Visual cortex group ) “a 
Preoperative 5 3 8 
Postoperative 4 3 TT 
Group 2 (Superior colliculus group) - 
Preoperative 7 2 9 
Postoperative .2 72 


*One cat died postoperatively. 
**Two cats died at surgery. 


each light stimulus (Fig. 3). Five of 
these cats were from group 1 and seven 
from group 2 (Table 1). Vision ap- 
peared normal in all cats as judged from 
their ability to ambulate around furni- 
ture and other objects in a small room 
without difficulty. No correlation was 
proven with the intensity of the light 
and the use of a strobe light. 


The postoperative results of the ENG 
testing are summarized in Table 1. Ab- 
lations of the visual cortex or the su- 
perior colliculi produced no major 
changes in the distributions of cats 
demonstrating visual inhibition (other 
than those due to the death of the 
animal) (Figs. 4 and 5). Thus, a cat 
exhibiting visual inhibition before sur- 
gery demonstrated the effect following 
surgery as well. Those who did not ex- 
hibit inhibition before surgery did not 
after surgery 


In two animals both surgical proce- 
dures were performed. One cat from 
group 1 (visual cortex) had subsequent 





Fig. 4. ENG tracings A) before and B) 
after ablation of visual cortex. Good in- 
hibition of nystagmus with the light stim- 
ulus on both pe and postremoval of the 


visual cortex bilaterally. 


removal of the superior colliculi three 
months after the visual cortex ablation 
and one cat from group 2 (superior 
colliculi) had subsequent removal of the 
visual cortex three months after the 
superior colliculi ablation. These animals 
who both exhibited light-evoked inhibi- 
tion preoperatively continued to show 
visual suppression postoperatively. 


DISCUSSION 


There are many reports in the liter- 
ature relative to the effects of ablation 
of the visual cortex and the superior 
colliculi on pattern discrimination, *-?? 
ocular motility? and labyrinthine nys- 
tagmus.”*:? Some experiments have spe- 
cifically dealt with the mechanisms or 
pathways involved in the visual sup- 
pression of nystagmus.?*?* Several ex- 
periments have shown this phenomenon 
is mediated through the accessory optic 
tract and the inferior olive. Axons of 
these Purkinje cells in turn inhibit cells 
of the vestibular nuclei, including cells 
which mediate horizontal vestibulo-ocu- 
lar reflexes. Lisberger and Fuchs? 
have also shown that activity at the 
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Fig. 5. ENG tracings A) before and B) 
after ablation of superior colliculi; good 
inhibition of nystagmus with light stim- 
ulus; both pre- and postremoval of su- 
perior colliculi bilaterally. 


flocculus Purkinje cells is closely asso- 
ciated with visual suppression of com- 
pensatory eye movements. Finally, Tak- 
emori and Cohen”? found that visual 
suppression: of 'véstibular nystagmus is 
lost after destruction of the flocculus on 
both sides. 


Is this phenomenon dependent on the 
activity of the cerebral cortex, and par- 
ticularly the visual cortex? The influ- 
ence of the cerebral cortex on the ac- 
tivity of the vestibular system has been 
amply inyestigated in the past:??-?? stim- 
ulation ‘of parietotemporal cortex in 
guinea pigs and rabbits may cause nys- 
tagmus. It would be interesting to as- 
certain whether stimulation of the visual 
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cortex and superior colliculi (especially 
in decerebellated animals) affects in 
any way the suppressive mechanism of 
visual fixation on labyrinthine nystag- 
mus. 


Our experiments with ablation of the 
occipital visual cortex and superior col- 
liculi suggest that either the inhibition 
of labyrinthine nystagmus depends on a 
secondary (extraoccipital) visual system 
or it is simply the effect of a brain stem 
reflex to a light stimulus somewhat 
similar to the pupillary light reflex 
mediated only via the cerebellum. In 
order to support the second hypothesis 
this experiment should be repeated after 
total decortication. 
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Cytomegalovirus (CMV ) infection of the fetus has been associated with congenital deaf- 
ness or hearing loss. This association has previously been based on clinical or pathological studies. 
We report an infant who died with the congenital CMV syndrome in which CMV was isolated 
from the. perilymph of, the inner ear providing additional evidence that this virus can infect the 


labyrinth, .- 


Congenital cytomegalovirus (CMV) 
infection is associated with congenital 
deafness. Significant hearing loss has 
been reported not only in children born 
with the classical syndrome,!? but also 
in infants who appeared healthy at 
birth, but shed CMV in their urine.’ 
Clinical reports*? and pathological stud- 
ies* suggest the etiology of the deaf- 
ness is a viral infection of the cochlea. 


We report an infant who died of con- 
genital CMV infection in which CMV 
was isolated from the perilymph provid- 
ing additional evidence that this virus 
can infect the inner ear. 


CASE REPORT 


A 38-week, 3,660. gm female was born 
to a 20-year-old primigravida mother. 
The pregnancy was uncomplicated with- 
out recognized infections, including 
mononucleosis. The infant had a one 
minute Apgar score of four, head cir- 
cumference of 36 cm (normal), holo- 
cystolic heart murmur, liver and spleen 
extending 7 cm below the costal mar- 
gins, and icteric skin with multiple 
petechial hemorrhages. The infant was 
lethargic, hypotonic and lacked a Moro 
reflex. Retinal exam was normal. Ane- 
mia, thrombocytopenia and jaundice 
persisted and. seizures and respiratory 
distress developed. Because of the in- 
fant's downhill course requiring multiple 
blood transfusions and tracheostomy, no 
formal hearing tests were conducted. 
However, at the bedside, the infant 
never startled to loud sounds and never 
exhibited any clinical evidence of hear- 
ing. The child died at one month of age. 


From the Veterans Administration Hospital, 


Laboratory studies that were abnor- 
mal included a 20% hematocrit, a blood 
smear with 150 nucleated red blood cells 
per 100 white blood cells, platelets, 
8,000 per mm‘; total bilirubin, 43 mg/dl; 
and serum glutamic-oxaloacetic trans- 
aminase, 580 units (normal < 40). Cord 
serum had an immunoglobin M level of 
190 mg/dl with toxoplasmosis, rubella, 
and herpes simplex virus titers of less 
than 1:16 and a CMV titer of 1:1024 
by the complement fixation test. The 
maternal titer to CMV was only 1:128. 
Skull x-rays showed no intracranial cal- 
cifications or middle and inner ear ab- 
normalities. 


Throat and urine specimens obtained 
on the second day of life for virus iso- 
lation were each inoculated into three 
tissue culture flasks containing primary 
monkey kidney cells, rabbit kidney cells 
(RK 13), and human embryonic lung 
diploid fibroblasts (WI-38). Cytopathic 
effects (CPE) typical for CMV were 
detected in the WI-38 cells five days 
after inoculation of both specimens. By 
methods previously described, cyto- 
megalovirus-like CPE were also de- 
tected from 10% homogenates of lung, 
liver, and spleen, but not serum, taken 
at autopsy. 


The petrous portion of both temporal 
bones that included the middle ear were 
removed from the skull using a Stryker® 
saw after the calvarium was opened and 
the brain removed. Using a dissecting 
microscope, the tympanic membrane 
was opened. The middle ear cavity in- 
cluding the middle ear ossicles appeared 
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anatomically normal. Some petechial 
hemorrhages were seen in the middle ear 
mucosa. A cotton swab was introduced 
into the middle ear cavity to clear any 
fluid that was there. Holding the tem- 
poral bone with the cochlea below the 
middle ear, the stapes was removed. A 
micropipette was carefully introduced 
through the oval window to remove 
about 0.5 ml of perilymph.* The col- 
lected perilymph was then inoculated 
onto WI-38 cells. Cytopathic effects 
typical for CMV were detected at four 
days. Giemsa staining of infected tissue 
culture cells showed characteristic CMV 
intranuclear inclusions. The isolate was 
also identified as CMV by indirect im- 
munofluorescent staining of the nuclei of 
infected cells using specific guinea pig 
antisera against CMV*® and fluorescein- 
conjugated rabbit antiserum to guinea 
pig 7S y-globulin. No fluorescent stain- 
ing was seen when nonimmune guinea 
pig serum was used as a control. 


DISCUSSION 


Optimal evidence for associating a 
virus with hearing loss would be 1) iso- 
lation of the agent from the perilymph 
or endolymph, 2) morphological identi- 
fication of the virus in cochlear cells by 
electron microscopy or by characteristic 
cytopathological changes, and 3) im- 
munological identification of specific 
viral agents in the cochlear cells by im- 
munofluorescent staining. These criteria 
are difficult to achieve in human cases 
because sudden deafness is seldom fatal 
and the encasement of the inner ear in 
dense temporal bone makes it difficult 
to study in life. Attempts to isolate a 
virus from the inner ear of a living sub- 
ject would require opening both the 
tympanic membrane and the round or 
oval window and the collection of a 
small amount of perilvmph. This pro- 
cedure requires considerable technical 
skill and has a low, but significant, risk 
of permanent deafness. Removal of the 
temporal bone at autopsy, decalcifica- 
tion, embedding, and serial sectioning 
are slow, difficult and expensive. Thus, 
temporal bone pathology is done at few 
medical centers and never on a routine 
basis. The available material from most 
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temporal bone laboratories is best suited 
for light microscopy which, unfortunate- 
ly, has limited value in the study of viral 
infections. s 


As a consequence of these difficulties, 
human studies of acute inner ear viral 
infections have been limited. To our 
knowledge, prior to this report; a virus 
has never been isolated from the inner 
ear. Histological evidence cf an acute in- 
fection has been demonstrated for only 
two viruses. Inclusion bodies typical of 
CMV have been seen in the stria vas- 
cularis and: Reissner's membrane of two 
infants with fatal cytomegalic inclusion 
disease.^* Giant ‘multinucleated cells 
suggestive of rubeola virus infection 
have been seen in the stria vascularis of 
a child dying 4% months after deafness 
developed in association with clinical 
measles.'^ One study has also reported 
finding CMV antigen in the organ of 
Corti by immunofluorescence. Rubella 
and mumps virus infections of the inner 
ear have yet to be proven by the above 
criteria. However, epidemiological evi- 
dence does establish the association be- 
tween these viral infections and subse- 
quent deafness.! ^? 


Some studies have attempted to cor- 
relate deafness with a variety of viruses 
isolated from the nasopharynx or 
throat.?'* However, asymptomatic in- 
dividuals not infrequently have recover- 
able viruses in their nasopharynx reflect- 
ing the virus prevalent in the community 
or representing an exacerbation of a 
latent infection, such as herpes simplex 
or adenovirus.^!'5 Consequently, it is 
impossible to know whether a virus iso- 
lated from a patient's nasopharynx ac- 
tually was responsible for his: deafness. 


Experimental animal studies of acute 
viral labyrinthine infections have dem- 
onstrated that inner ear structures have 
remarkable, selective vulnerability to in- 
fection by different viruses. Influenza," 
mouse CMV," and Sendai’® viruses in- 
fected perilymphatic structures, but 
mumps virus infected endolymphatic 
structures. Vaccinia virus infected 
both, while measles and herpes simplex 
viruses preferentially infected cells of 
the organ of Corti.?° 


*The temporal bones were then sent to the Kresge Hearing Institute, Ann Arbor, MI, for 


future histological studies. 


**Scientific Resources Branch, Center for Disease Control, Atlanta, GA. 
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Hopefully, future human studies will 
attempt to establish the virus responsible 
for deafness by*the above optimal criter- 
ia. Immunofluórescent studies of viral- 
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infected inner ears may also aid in de- 
fining the pathogenesis of the viral deaf- 
ness but the technical difficulties of 
achieving this are formidable. 
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Structure and development of hair cells in vestibular sensory organs of the larval bullfrog 
were examined with scanning electron microscopy. The larval vestibular sensory’ epithelia re- 
sembled those of the adult frog. Based on morphology of the ciliary tufts, seven hair cell types 
were identified. One of them, the type A hair cell, appears to be the morphogenetic precursor 
of other hair cell types. The size of the stereocilia of type A hair cells is comparable to the sur- 
rounding microvilli. The distribution of immature type A hair cells suggests that the periphery 
of the sensory epithelia is the principal growth zone and the site of formation of new hair cells. 
However, a far greater number of type A hair cells were found in high frequency sensitive sen- 
sory organs (sacculus, amphibian and basilar papillae) than low frequency sensitive vestibular 
sensory structures (canal cristae, utriculus and lagena). This phenomenon. may suggest that the 
time period required for the maturation of type A hair cells to their ultimate hair cell types in 
the low frequency sensitive vestibular organs is shorter than in the high frequency sensory 
structures. It is also possible that the low frequency sensitive vestibular organs may have com- 
pleted their morphogenetic development in the early larval stages, while morphogenesis of hair 
cells in the high frequency sensory structures continues throughout the lifetime of a bullfrog. 


There are eight sensory organs in the 
bullfrog inner ear.’ The available elec- 
trophysiological literature shows that 
seven of them appear to function fully 
or partially as vestibular organs. The 
semicircular canal cristae appear to be 
sensitive to angular acceleration.’ The 
utriculus, lagena and sacculus are ap- 
parently gravitationally sensitive." 
The sacculus and amphibian papilla ap- 
pear to be sensitive to both substrate- 
borne vibration, such as shaking!’ and 
airborne vibration, such as auditory stim- 
uli,!® while the basilar papilla is sensitive 
to airbone vibration alone.!*^* 


An early light microscopy study of 
the larval bullfrog membranous laby- 
rinth by Larsell'® demonstrated the se- 
quences of development of the auditory 
and otolithic sensory surfaces along with 
their associated tectorial or otolithic 
membranes and innervation. Proebsting”° 
had found that the size of the amphib- 
ian papillae of the salamanders of the 
genus Triton increases with age, from 
larval to adult forms, and that the hair 
cells increase in number rather than size 


during this papillar growth. Alfs and 
Schneider" made similar observations 
on the auditory papillae of the larvae of 
several European anurans. Li and 
Lewis? showed that in early larval 
stages of the bullfrog the amphibian 
papilla comprises two separate sensory 
surfaces with distinct innervation, and 
that these surfaces grow and merge as 
a result of proliferation of hair cells 
along their lateral margins. This obser- 
vation corroborated an earlier suggestion 
by Geisler et al^ that the lateral edge 
of the bullfrog amphibian papilla is 
bordered by undifferentiated cells and 
thus is the growing edge of that surface. 
Lewis and Li?” also examined the sac- 
cular sensory surfaces of larval bullfrogs, 
and found that growth took place by 
proliferation of hair cells around the 
entire perimeter of the macula, with the 
greatest proliferation being on the 
medial side. During metamorphosis, the 
tympanum and tympanic columella re- 
place the lung sac and bronchial col- 
umella as the sound transmitting appa- 
ratus to the frog inner ear.'5?* At the 
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same time, the auditory papillae and the 
saccule in-the bullfrog are undergoing 
considerable growth and concomitant 
hair cell proliferation.**;** 


Based on the shapes of the cell bodies 
and the nerve terminals connected to 
them, Wersäll et:al?° identified only one 
type of hair cell in the adult frog. It is 
similar to the type II hair cells of birds 
and mammals.?^?* On the other hand, 
Lewis ?^** pointed out that on the basis 
of surface topography one could identi- 
fy a wide variety of hair cell types in 
the frog otolithic and auditory organs, 
and that specific types seemed to be 
correlated with specific functions. Hill- 
man” described yet another type of hair 
cell surface topography in the frog 
cristae, and examined the cupular hair 
cell linkages. Lewis and Li?" attempted 
to classify the otolithic and auditory 
hair cells on the basis of their surface 
topographies and showed that one par- 
ticular type, which they labeled type A, 
occurs along the growing margin of the 
saccule and the two auditory papillae. 
Thus, they proposed that the type A 
hair cell was the morphogenetic pre- 
cursor of the other types. 


This paper extends the previous 
studies to include the morphogenesis of 
the remaining inner ear sensory surfaces 
and their receptor cells in the larval and 
adult bullfrog. The results are based 
largely on the studies of larval bullfrog 
inner ears carried out by Li as part of 
his dissertation research.?' 


METHODS AND MATERIALS 


Ten stage 4, 40 stage 8, 30 stage 16 and 4 
stage 22 bullfrog tadpoles were used in this 
study (see Rugh” for stage specification). 
Stages 4 and 8 are at the premetamorphic 
phase. The stage 4 tadpole shows emergence 
of hind limb with a length 1% times its diam- 
eter. Stage 8 tadpoles exhibit further develop- 
ment of the hind limb with a margin of the 
foot paddle indented between toes 4-5 and 
3-4. 'The stage 16 tadpole is at the premeta- 
morphic phase. The hind limbs are lengthened 
and the feet are held at 90? angles to the tail. 
Stage 22 tadpoles are at metamorphic climax. 
The front legs are. well-developed and the 
angle of the mouth reaches a level at the mid- 
point of the eye. The tail fin disappears and 


the tail length. ís shorter than the extended 
hind leg. 


With the help of a sharp razor blade, the 
head portion of each tadpole was cut off from 
the body and the lower jaw of the animal was 
removed. The membranous labyrinth was then 
exposed by removing part of the cartilage be- 
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Fig. 1. A) Sensory structures of a por- 
tion of a membranous labyrinth of a stage 
16 bullfrog tadpole innervated by the an- 
terior branch of the VIII nerve. S - Sac- 
cular macula; U - Utricular macula; A - 
Anterior crista; H - Horizontal crista. B ) 
Sensory structures of a membranous laby- 
rinth of a stage 16 bullfrog tadpole in- 
nervated by the posterior branch of the 
VIII nerve. L - Lagenar macula; P - Pos- 
terior crista; A - Amphibian papilla; BP - 
Basilar papilla. 


tween the otic capsule and the roof of the 
mouth with a sharp razor blade and a pair of 
forceps. The exposed inner ears were subse- 
quently immersed in 2% glutaraldehyde in 200 
mOsm sodium cacodylate (pH 7.4), and then 
postfixed with 2% osmium tetroxide in the same 
buffer. 


After fixation, the membranous labyrinths 
were removed from the otic capsule and dis- 
sected in buffer to expose the desired vestibu- 
lar sensory epithelia. The exposed tissues were 
dehydrated using one of two different methods. 
Sensory organs prepared in earlier studies were 
dehydrated in a graded series of ethanol/water 
mixtures, beginning with 60% ethanol and pro- 
gressing to absolute ethanol. The tissues then 
were carried through a sequence of graded 
ethanol/Freon® 113 mixtures to Freon® 113 
and finally on to liquid Freon® 13 or liquid 
carbon dioxide. The tissues were dried by the 
critical point method.” In later studies, the tis- 
sues were dehydrated in a series of graded ace- 
tone/water mixtures, starting with 20% ace- 
tone and progressing to absolute acetone and 
finally on to liquid carbon dioxide and were 
dried by the critical point method.” 


After critical point drying, the tissues were 
mounted on aluminum stubs with double- 
coated tape (Scotch®, type 400) and then 
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Fig. 2. Vertical cristae. Anterior crista: A) Entire anterior crista. N - Branch of 
the VIII nerve innervating the anterior crista; T - "Torus" of the crista. B) Type G hair 
cells at the center of the flattened and the anterior crista. C) Peripheral region of the an- 
terior crista showing type A and type G hair cells, Posterior crista: D) Entire posterior 
crista. T - "Torus" of the crista. E) Peripheral region of the posterior crista showing a 


variety of type A and type G hair cells. F) Type G hair cel 


“torus” of the crista. 


coated with a very thin layer of gold in a 
vacuum evaporator at a pressure of about 7 x 
10° torr. The prepared specimens were ex- 
amined in the scanning electron microscope 
(Cambridge Instruments Stereoscan 11). 


The sensory organs of the adult bullfrogs 
used in this study were those prepared for 
previous inner ear studies.” The adult frog 
was pithed and decapitated. A very fine pair 
of rongeurs was used to cut a small hole in 


s at the perimeter of the 


the cartilaginous wall of the otic capsule from 
the roof of the mouth, The membranous laby- 
rinth was exposed for fixation. The inner ear 
was perfused every 20 minutes with 2% glu- 
taraldehyde in 400 mOsm sodium cacodylate 
buffer (pH 7.4) and postfixed with 1$ osmium 


tetroxide in the same buffer. The membranous: _ 
labyrinths were then dissected in buffer, de- ^*^ 


hydrated and critical point dried in the man- 
ner previously described for the preparation 
of larval tissues. 
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Fig. 3. Horizontal crista. A, B) Entire crista viewed at different angles. Note the 
cross section of the anterior branch of the VIII nerve (N). C) Type A hair cell at the 
periphery of a horizontal crista. D) Hair cells of the flattened portion of the crista. Note 


the single direction of hair cell polarization toward the right. E) T 


e G hair cells at 


the periphery of the crista. F) Type A hair cells (arrows) at the periphery of the crista. 


RESULTS 


As previously reported for the adult 
bullfrog, the anterior branch of the VIII 
nerve was found to innervate the sensory 
epithelia of the saccular macula, utric- 
ular macula and anterior and horizontal 

,€ristae, while the posterior branch of the 


VIII nerve innervates the sensory epi- 
thelia of the lagenar macula, posterior 
crista; amphibian and basilar papillae 


(Fig. 1 A,B). 


Canal Organs. The gross features of 
the canal cristae of the larval bullfrog 
were essentially identical to those re- 
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Fig. 4. Idealized cross sections of the 
cilia and microvilli of the seven hair cell 
types. a) type A; b) type B; c) type C; 
d) type D; e) type E; f) type F; g) type 
G. All drawn to the same scale (modified 
from Lewis and Li”). 


ported for the adult cristae.*® There was 
a slight increase (approximately 20%) 
in the average width of the cristae from 
the larval stage to adulthood. Each ver- 
tical crista resembled a dumbbell with 
two flattened spade-shaped ends joined 
by a “ridge” slightly swollen at the mid- 
dle (Fig. 2D). De Burlet? observed a 
similar swelling in avian cristae, which 
he termed “torus.” The spade-shaped 
ends gradually merged with the ampul- 
lary wall while the ridge merged 
abruptly with the ampullary floor. 


The shape of the horizontal crista 
resembled half of a vertical crista (Fig. 
3A,B). The "ridge" of the horizontal 
crista merges gradually into the ampul- 
lary wall as has been reported for the 
pigeon by Landolt et al.?* 


Two types of hair cells were identi- 
fied in the three larval canal sensory 
cristae. Type G,* which was predomi- 
nant throughout the whole crista, ex- 
hibited long-graded stereocilia and an 


extremely long kinocilium (Figs. 2B,C, 
E, 3D and 4g). Another type of hair 
cell, type A (Fig. 4a),*° was of variable 
size and shape and was sparsely dis- 
tributed at the periphery of the sensory 
epithelia, The latter type had extremely 
short stereocilia (0.5 to 2.0 um) with a 
diameter comparable to the surrouriding 
microvilli (Figs. 2C,F, 3C and 4a). ` 


Gravitationally Sensitive Organs. The 
shape and surface morphology of the 
gravitationally sensitive sensory organs 
(utricular and lagenar maculae) of the 
larval bullfrogs were identical to those 
of the adult bullfrogs,*® except that the 
average width of the adult utricular and 
lagenar maculae was approximately 30% 
greater than that of tlie larval maculae. 
The larval utricular macula was kidney- 
shaped and innervated by the anterior 
branch of the VIH nerve (Fig. 1A). It 
exhibited a central band (striola) as 
observed in the adult utricular macula. 
The central band of the larval lagenar 
macula was occupied by hair-cell types 
C and E* (Fig. 4e,e) which are the 
same hair cell types found in the adult 
lagenar macula. The hair cells outside 
the central bands of both gravitationally 
sensitive maculae were similar and were 
identified as type B hair cells.by Lewis 


.and Li" On the perimeters of both 


larval maculae, hair cells appeared to be 
smaller versions of the type B hair cell 
(Figs. 5A,B,C and 4b) and varied in 
size and shape. They were similar to 
those hair cells found on the lateral 
edges of the basilar and amphibian 
papillae which were classified as type A 
hair cells.*° After the otoliths were re- 
moved with the gelatinous membrane 
still in place, a distinct semicircular 
band of large pores was observed, sur- 
rounded on both sides by large areas 
with smaller pores (Fig. 6B,C). The 
band of large pores appeared to coin- 
cide with the location of the central 


band of the larval utricular macula 
(Fig. 6A). 


Saccular Macula. The vibrational/ 
auditory and gravitationally sensitive 
saccular macula of both the larva and 
adult bullfrog are kidney-shaped. From 
the larva to the adult, there is a signi- 
ficant increase (approximately 50%). in 
the width. Both the larval and adult 
maculae exhibit two distinct types of 
hair cells??? The predominant type: 
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Fig. 5. A) Peripheral region of a larval (stage 8 tadpole) utricular macula showing 
the predominant type B hair cells and morphogenetic precursor type A hair cells (arrows). 
B, C) Peripheral region of a larval (stage 8 tadpole) lagenar macula showing the pre- 
dominant type B hair cells and morphogenetic precursor type A hair cells (arrows). 


occupies the entire central region of the 
macula. This type of hair cell shows 
short stereocilia and bulbed kinocilia no 
longer than the longest stereocilia (Fig. 
7A) and is classified by Lewis and Li? 
as a type D hair cell (Fig. 4d). The 
óther type occurs at the perimeter of 
the sensory epithelia. The hair cells of 
the latter type showed a gradation of 
size and shape progressing from a small 


cell to a cell which was similar to the 
adjacent, predominant, central (type D) 
hair cell. The outermost rows of the 
peripheral hair cells showed a long non- 
bulbed kinocilium and very short stereo- 
cilia with diameters comparable to those 
of the surrounding microvilli. Hair cells 
adjacent to the predominant type D hair 
cells exhibited the beginning of forma- 
tion of a bulb on the kinocilium and 
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Fig. 6. Larval utricular macula. A) Entire macula of a stage 4 tadpole. CB - Cen- 
tral band (striola) of the macula. B) Utricular gelatinous superstructure. Note the semi- 
circular band of large pores which corresponds to the central band (striola) of the macula. 
C) Close up view of utricular superstructures. 


elongation and thickening of the stereo- 
cilia. The observed spatial gradation was 
interpreted by Lewis and Li? as reflect- 
ing transformation type. Lewis and Li 
classified the outermost rows of cells as 
type A hair cells (Fig. 4a). In the larval 
bullfrog, outlying hair cells were found 


from two to ten epithelial cells away 
from the nearest edge of the saccular 
macula? and most of them were found 
on the concave side of the macula, ie, 
the side toward which the VIII nerve 
approaches (Fig. 8b). 


After the otoliths of the larval sac- 
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Fig. 7. A) Hair cells at the periphery of an adult saccular macula, showing grada- 
tion of hair cell types from type A (right) to predominant type D hair cells (left). B) 
Saccular gelatinous membrane of a stage 8 tadpole. Note the even distribution of pores 
of the same size. C) Entire lagenar macula. CB - Central band (striola) of the macula. 


cular macula were removed, the gel-  utricular macula was observed. 
atinous membrane exhibited an even 

distribution of pores of approximately DISCUSSION 
the same size. No distinct central band According to Lewis and Li,?* saccular 
of larger pores resembling that of the hair cell morphogenesis begins with the 
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Fig. 8. Outlines of the sensory surfaces 
of the larval bullfrog inner ear, showing 
the distributions of hair cell types. a) 
utricular macula; b) saccular macula; c) 
lagenar macula; d) basilar papilla; e) 
amphibian papilla; f) vertical canal crista 
(anterior or posterior); g) horizontal ca- 
nal crista. All drawn to the same scale 
(modified from Lewis and Li”). 


development of a kinocilium on an en- 
dolymphatic epithelial cell and is fol- 
lowed by gradual transformation of mi- 
crovilli into stereocilia. Hair cells at this 
stage vary in size and shape and were 
classified as type A hair cells by Lewis 
and Li. Stereocilia continue to elon- 
gate and kinociliary bulbs develop, and 
eventually the saccular hair cells achieve 
their final size and shape. Morphogen- 
esis of other vestibular hair cells appears 
to be similar to that of the saccular hair 
cells except that a kinociliary bulb does 
not develop in most of the hair cell 
types, eg, types B and G, of the canal 
cristae and utricular and lagenar macu- 
lae. 


The distribution of immature type A 
hair cells (Fig. 8) indicates that the 
growth of all the sensory epithelia of 
the bullfrog inner ear begins at the per- 
iphery. The low numbers of type A hair 
cells at the perimeters of the the larval 
bullfrog canal cristae and lagenar and 
utricular maculae suggest that these sen- 
sory organs complete their morpho- 
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genesis in the early larval stages. Type 
A hair cells seem to have completed 
their morphogenetic development to the 
mature stages of type B. hair cells in the 
gravitationally sensitive maculae and 
type G hair cells in the canal cristae by 
the time of early posthatch larval life. 
Unfortunately, these sensory orgaris are 
extremely small before the larva hatches 
and scanning electron microscopic prep- 
aration has not been attempted yet at 
earlier metamorphic stages. 


On the other hand, the sensory epi- 
thelia of the sacculus, amphibian and 
basilar papillae increase significantly in 
size and number of hair cells throughcut 
the developmental stages of metamor- 
phosis and adult life of the bullfrog.?*2* 
?*" The growing zones of these sensory 
epithelia exhibit a common mcrphologi- 
cal feature. There is a gradation of hair 
cell types from the size and shape of 
type A hair cells to that of the predom- 
inant type of receptor of the central re- 
gion.????.5? These gradations cf hair cell 
types indicate that the type A hair cell 
may be the morphogenetic precursor of 
several mature types, and ‘achieve the 
final form through transformation and 
modification of kinocilium and stereo- 
cilia. 

In addition to the differences in the 
distribution of type A hair cells, the 
relatively small increase of sensory area 
of the utricular and lagenar maculae and 
canal cristae from larval stage to adult 
bullfrog compared with a large increase 
of sensory area in the saccular macula 
indicates that maculae and cristae which 
are primarily vestibular in function may 
complete their morphological develop- 
ment earlier than those sensory organs 
sensitive to auditory stimuli. 


Capranica and Moffat? demonstrated 
that the bullfrog saccule is sensitive to 
auditory stimuli. The saccule functions 
as an auditory organ in the fish? 
and it appears that an evolutionary 
remnant of auditory function remains 
in the frog saccule. Presence of type 
A hair cells indicates these cells may 
serve as auditory receptor cells as sug- 
gested by Lewis and Li? Lewis?" ex- 
amined the saccular twig of the VIII 
nerve with light microscopy and found 
that the axons are quite parallel and 
show no pattern of intertwining and 
mixing as those found in the lagenar ‘and 


436 


utricular twig. By inserting an electrode 
through the frog saccular twig, Capran- 
ica? has observed high threshold audi- 
tory responses and has had the impres- 
sion that such responses tend to appear 
in afferents at the periphery of the twig 
and vibrational responses tend to occur 
in afferents in the center of the twig. 
Becausé of the parallel topology of the 
axons, it appears to be reasonable to 
conclude that axons at the periphery of 
the twig innervate type A receptors at 
the periphery of the saccular macula, 
while axons in the central region of the 
twig innervate type D receptors at the 
central area of the macula. 


In the sensory epithelia of the saccu- 
lus and the amphibian and basilar papil- 
lae (Fig. 8), large numbers of type A 
hair cells were found in the area of the 
perimeter of the sensory structures 
where branches of the VIII nerve en- 
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tered. This phenomenon may be the 
result of many factors. One possible fac- 
tor may be the presence of the VIII 
nerve. Recent observations in an in vitro 
study of the growing mouse otocyst in 
the absence on the statoacoustic ganglion 
complex?*?? showed that hair cells can 
differentiate in the absence of neuronal 
elements. Nevertheless, neurons may 
stimulate such differentiation. Newly 
formed neurons of the VIII nerve may 
innervate the proximal sensory epithelia 
and thereby stimulate proliferation of 
hair cells in these regions. 


Finally, the differences in surface 
morphology of hair cell types and oto- 
lithic membranes found in the saccular 
and utricular maculae may be major 
factors accounting for their differences 
in frequency sensitivities reported in 
many physiological studies.*-*:1171? 
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ETHMOID MUCOPYOCELE 


ALFRED L. WEBER, MD 
BOSTON, MASSACHUSETTS 


Tuomas R. Kiem, MD 


MEDFORD, MASSACHUSETTS 


PATIENT 

This 39-year-old Caucasian male has 
a seven-year history of chronic polypoid 
sinusitis with nasal blockage. Polypec- 
tomy, Caldwell-Lue antrectomy and in- 
tranasal ethmoidectomy were performed 
in 1971, 1974 and.1977 respectively. In 
August 1978, the patient developed 
fullness and pressure in his right orbit 
with diploplia. Examination revealed 
proptosis of the right eye with de- 
creased upward gaze, avascular polyps 
occluding both nasal cavities. At the 
time of surgery, multiple polyps were 
removed from the nasal cavities, eth- 
moid, sphenoid and maxillary sinuses. 
A markedly expanded supraorbital ex- 
tension from the right ethmoid complex 
was filled with mucopurulent material. 
There was marked attenuation and in- 
ferior displacement of the orbital roof 
and exposure of the orbital periosteum 
in one area of dehiscence. 


RADIOGRAPHS 


The Caldwell view (Fig. 1A) re- 
vealed increased density of the fronto- 
ethmoid sinus complex and nasal cavi- 
ties. The right supraorbital rim was not 
as well-defined as the left (arrow) sug- 
gesting a pyomucocele. AP tomograms 
(Fig. 1B) confirmed the loss of bone in 
the right orbital roof (arrow). Note the 
increased density in the nasal cavities 
and sinuses from polyposis. Coronal 
computerized body tomographv (CBT) 
scan (Fig. 1C). demonstrates the supra- 
Orbital expansion of the right ethmoid 
sinus with inferior displacement cf the 
orbital roof. The thin. bony roof (ar- 
rows) is Clearly identified in this view. 
The: globe (GY is-displaced inferior and 


laterally. The horizontal CBT scan (Fig. 
1D) demonstrates the transverse and 
posterior diameters of the mucocele (ar- 
rows) at the right orbital roof. 


DISCUSSION 


Polyps occur most often in the nose 
and ethmoid labyrinth although any 
sinus may be affected.t Once the nasal 
cavity or sinus lumen is filled with ede- 
matous hypertrophied mucous mem- 
brane and polyps, any further increase 
in soft tissue mass may result in passive 
expansion of the nasal cavity or sinuses 
with marked attenuation and loss of the 
bony walls. This passive mechanism of 
sinus cavity expansion associated with 
attenuation and bony loss may simulate 
a mucocele. Ransome? described six 
cases of nonmalignant expansion of the 
maxillary antrum. 


Patients with polyposis have a long 
history of sinus problems and complain 
most often of difficulty in breathing, 
excessive nasal secretions and head- 
aches. Mild intermittent proptosis and 
diplopia were noted in two patients in 
a report by Wilson. Formation of a 
mucocele secondary to allergic polyp- 
osis is uncommon. Mucocele of the para- 
nasal sinuses consists of expansion of a 
sinus cavity which may result from in- 
fection, trauma, tumor, or following sur- 
gery with obstruction of the sinus osti- 
um.* 'The condition most commonly oc- 
curs in the frontal and ethmoid sinuses, 
less frequently in the sphenoid sinus 
and rarely in the maxillary sinus. Muco- 
celes may also arise from separate com- 
partments within a sinus such as the 
frontal or ethmoid. Proptosis commonly 


From the Department of Radiology, Massachusetts Eye and Ear Infirmary, Boston, Massa- 


chusetts. 
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Fig. 1. 


reflects a mucocele of the frontal or 
ethmoid sinuses. 


Mucoceles in the frontal sinus are of- 
ten delineated well on the simple Cald- 
well and Waters projections. Such in- 
volvement of the ethmoid sinus, how- 
ever, often requires the use of tomog- 
raphy to establish the diagnosis and 
demonstrate the extent of the mucocele. 
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BOOK REVIEWS 


Head and Neck Anatomy Review 


By Sidney A. Cohn and Marvin I. Gottlieb. 
Paperback, black and white drawings, 264 
pp, 1976. Medical Examination Publish- 
ing Co., Flushing, NY. Price; $8.00 


'This book offers a means for thoroughly re- 
viewing head and neck anatomy and develop- 
ment. Learning is achieved by the "written" 
Socratic method, That is, the format consists 
of multiple-choice questions for which concise 
answers are provided and references to stan- 
dard textbooks given for more complete dis- 
cussions. By this method the reader can quick- 
ly spot his/her areas of weakness. This book 
would be excellent for anyone needing a com- 
prehensive review of head and neck anatomy. 


DEAN SANDQuUIST, MD 
Iowa City, IA 


Proceedings of the Shambaugh Fifth 
International Workshop on Middle 
Ear Microsurgery and Fluctuant 
Hearing Loss 


Edited by George E. Shambaugh Jr. and 
John J. Shea. Hard cover, black and 
white illustrations, indexed, 573 pp. 
Strode Publishers, Huntsville, AL. 


This fine book contains the proceedings of 
the workshop which was held in Chicago, 
February 29 to March 5, 1976, under the 
sponsorship of the Memphis Foundation of 
Otology and American Hearing Research 
Foundation. It is a very good update of the 
field of otology with contributions by the 101 
participants in this meeting. 

The breadth of the coverage is indicated by 
the titles of the major divisions of the book: 
1. New horizons and function of the ear. 2. 
Newer diagnostic tests of ear function. 3. Child- 
hood middle ear problems. 4. Congenital mal- 
formations of the outer and middle ear. 5. 
Tympanoplasty. 6. Ossicular defects. 7. Fluc- 
tuant hearing loss. 8. Surgery for fluctuant 
hearing loss. 9. Cochlear otospongiosis. 10. 
Stapedial otosclerosis. 


The individual chapters are generally brief 
and succinct. The illustrations tend to be 
clear, well-selected, and informative. In addi- 
tion to the excellent individual chapters, the 
book is highlighted by the reports of 18 panel 
diséussions conducted at the workshop. The 
transcription of the spontaneous exchange of 
ideas among the distinguished otolaryngolo- 
gists and other scientists participating in these 
panels provides much insight into the con- 
temporary and sometimes controversial man- 
agement of various clinical problems. 

In summary, this volume is a valuable rec- 


ord of an important conference and should be 
of interest and use to the clinicians and resi- 


dents who are interested in a carefully pre- 
pared and edited compilation of this informa- 
tion. 


Frank E. Lucente, MD 
Elmhurst, NY 


Handbook of Adult Rehabilitative 
Audiology 


Edited by Jerome G. Alpiner. Hard cover, 
black and white illustrations, indexed, 
referenced, 267 pp, 1977. Williams and 
Wilkins, Baltimore. Price $17.50 


The aim of rehabilitative audiology is to 
minimize the effects of hearing loss. In this 
handbook, Alpiner and his contributors dis- 
cuss current procedures for the rehabilitation 
of hearing-impaired adults. It is intended for 
students and practitioners in audiology and 
speech pathology and will be useful to others 
wishing to learn about rehabilitative audiology, 
without requiring an extensive audiologic 
background. The book goes beyond tradition- 
al concepts of aural rehabilitation, which con- 
sisted of lipreading and auditory training. 
Counseling and psychosocial remediation are 
stressed. 


After an introductory overview, Alpiner has 
written an interesting chapter about rehabili- 
tative audiology from the client's viewpoint. 
Included here are the results of studies and 
questionnaires revealing clients’ needs, feel- 
ings, and assessment of remediation proce- 
dures. Alpiner authored several other chap- 
ters including: Evaluation of Communication, 
and with Patricia McCarthy, The Remedia- 
tion Process. In these chapters, and elsewhere, 
are found numerous tests and scales useful in 
determining communication status and pro- 
gress. Alpiner also contributed an important 
chapter on geriatric rehabilitation as well as 
chapters on community programs and the role 
of other professionals in aural rehabilitation 


Roger Kasten has written an excellent chap- 
ter on amplification. He explains how to tell 
the client what a hearing aid does, and how 
to use one effectively. He discusses psychoso- 
cial variables which often cause resistance to 
hearing aid use and how to help the client 
overcome resulting problems. 

Michael Pollock contributed a chapter on 
psychological and counseling aspects of aural 
rehabilitation. Donald Johnson wrote a use- 
ful chapter about rehabilitation of the adult 
who is classified as deaf rather than hard-of- 
hearing. Material of this sort is not ordinarily 
included in books on aural rehabilitation and 
from it the interested reader can learn a great 
deal about the life, problems, and needs of 
the deaf person. A final chapter, by LaVar 
Best, discusses research aspects of rehabilita- 
tive audiology. An author and subject index 
enhances the reference utility of the handbook. 
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Alpiner and his contributors have produced 
a book that is useful and readable. It will 
serve as a college text or a reference source. 
For the interested reader outside the field of 
audiology, it will provide a comprehensive in- 
troduction to aural rehabilitation. 


WILLIAM R. HODGSON, 
Tucson, AR 


PHD 


Xeroradiography in Otorhinolaryngology 

By L. Di Guglielmo, R. Campani, P. Gar- 

bagna, and E. Mira. Hard cover, black 
and white and color illustrations, indexed, 
referenced, 187 pp, 1977. Excerpta Medi- 
ca, Armsterdam, and Rank Xerox, Milan, 
Italy. 

Xeroradiography has recently gained clini- 
cal acceptance in the field of diagnostic ra- 
diology. The technique has been shown to of- 
fer some advantage over conventional radiog- 
raphy in visualization of soft tissue structures. 
The clinical usefulness of xeroradiography is 
still being explored. In fact, the purpose of 
this book is to determine whether the xero- 
graphic method, including tomography, has 
a place in the investigation of ENT diseases 
and whether it gives Petter results than con- 
ventional x-ray methods. The Italian authors 
have xerographically examined the pharynx, 
larynx, trachea, nasal cavities and paranasal 
sinuses. Each anatomical area is investigated 
with special reference to particular disease 
states affecting the area, ie, tumors, infections, 
etc. The text presents a large number of ac- 
tual xerographs that are well marked for easy 
interpretation. A discussion and conclusion 
follows each major division. Other applications 
such as soft tissue examination of neck, TMJ, 
mandible, facial profile and field verification 
in radiotherapy are also briefly examined. The 
authors have concluded from the presentation 
of material in this book, that xerography is 
justified as a diagnostic tool in all sections of 
otorhinolaryngology. 


I hesitate to recommend this book for the 
otolaryngologist’s private library. It offers lit- 
tle in aiding one to interpret the xerograph. 
The xerograph is quite easily interpreted on 
the basis of the surgeon’s knowledge of anat- 
omy of that particular area being examined. 
The book might well be utilized in a refer- 
ence library. An added benefit, if one decides 
to purchase the book, is allowing one to im- 
prove one’s understanding of Italian, in that 
the book contains both the Italian and Eng- 
lish versions. 

WILLIAM R. PANJE, MD 
Iowa City, IA 


The Acute Facial Palsies 


By Erlo Esslen. Hard cover, black and white 
illustrations, indexed, 163 pp, 1977. 
Springer-Verlag, Berlin. Price $19.70 


This monograph is the result of a detailed 
study of 188 patients with acute facial palsy 
seen during a ten-year period. One hundred 
forty-five had unilateral Bell’s palsy and 21, 
herpes zoster oticus: the remainder were pa- 
tients with bilateral facial palsy, traumatic 
facial palsy, or a miscellaneous group. All were 
serially studied by clinical assessment and 
electroneuronography and 25 of the patients 
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underwent surgical decompression of the mea- 
tal and labyrinthine segments .of the fallopian 
canal allowing both inspection and intraoper- 
ative electrical recordings of the nerve. In 
electroneuronography, as,devised by Dr. Es- 
slen, surface per ia are placed at the naso- 
labial fold just beside the end of the nose to 
record neural evoked responses to that branch 
of the facial nerve after bipolar transcutaneous. 
main trunk stimulation beneath the auricle be- 
tween the jaw and mastoid process near the 
stylomastoid foramen. Testing is repeated at 
appropriate intervals during the course of the 
paralysis; sometimes for periods up to 500 
ays. 


The current concepts of pathogenesis of 
acute facial palsies and recording techniques 
are reviewed and the bibliography is especial- 
ly valuable since it includes the European 
literature. The book is written in a direct 
fashion and a number of new concepts are 
presented. 


Seldom has a book presented so much ma- 
terial of such great clinical importance as this 
volume. There are some minor problems with 
the book. There are several typographical er- 
rors and it is not written as clearly as is de- 
sirable. The material presented is outdated in 
that it covers only through part of 1974. None- 
theless, the monograph is a classic and will 
remain a standard of comparison for all fu- 
ture facial nerve study. Its veracity will await 
confirmation by other investigators, but with- 
out that confirmation, it still is a most sig- 
nificant contribution because of its thought- 
provoking nature and its fresh concepts. No 
serious student of the facial nerve can be with- 
out it, and all physicians treating patients with 
acute facial paralysis need familiarity with its 
concepts as we travel through this period of 
uncertainty in treatment. 


LEE A. HARKER, MD 
Iowa City, IA 


Audiometry in Infancy 


Edited by Sanford W. Gerber. Hard cover, 
black and white illustrations, referenced, 
indexed, 362 pp, 1977. Grune and Strat- 
ton, New York. Price $19.00 


This book was written by Sanford E. Ger- 
ber and 15 other contributors. It is addressed 
primarily to audiologists and audiology stu- 
dents, but is intended also to be of interest 
to otolaryngologists and other professionals. 


The first section contains discussion of epi- 
demiologv and pathology of hearing loss, high 
risk conditions, and auditory development. The 
second section includes chapters on behavior- 
al. impedance, respiratory, cardiovascular. and 
auditorv evoked potential measures of hear- 
ing. The third section includes chapters on 
sensory deprivation, communication. articu- 
lation, social and educational development, 
and public health considerations. 


The stvle is somewhat uneven in quality. 
Some of the chapters are written in an almost 
conversational style while others nse a more 
traditional academic or scholarly textbook 
style. The illustrations are also uneven in qual- 
ity. Section One contains some old pictures of 
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Samir E. BisHara, DDS 
Iowa City, IA 


Endoscopy of the Nose 
By Walter Messerklinger. Hard cover, color 
and black and white illustrations, indexed, 
180 pp, 1978. Urban and Schwarzenberg, 
Baltimore. Price. $68.50 


It has always seemed to me that in the one 


medical specialty that prides itself on its in- 
terest in the physiology, as well as the anato- 
my of the nose, there is a notable paucity of 
good literature on this subject. This excellent 
book goes a long way in filling this void. As 
the title suggests, the book is primarily an 
endoscopic atlas of endonasal anatomy and 
pathology, and in this area provides one of 
the finest and most comprehensive sets of 
photographs available. The pictures are taken 
with the Hopkins nasal endoscopy apparatus, 
and the reproductions are of the highest qual- 
ity. The color plates are thoughtfully arranged 
from normal anatomy to congenital abnormali- 
ties, trauma, inflammatory disease, and then 
a variety of specific maladies, both infectious 
and neoplastic. The captions are clear, suc- 
cinct and informative. 

The printed text, which is also of high 
quality, is organized in the same order as the 
illustrations, making it easy to refer from one 
part to the other. Although the first section on 
anatomy includes too many seemingly insig- 
nificant normal variations, the remiaining text 
is easily read and provides much useful in- 
formation on endonasal pathology that is rare- 
ly found in textbooks or journals. Worthy of 
particular attention is the section on trauma, 
and the discussion of the diagnosis of cere- 
brospinal fluid leak. The author provides a de- 
tailed description of his method, as well as 
-. graphic proof of the diagnostic value of nasal 
endoscopy for this very difficult problem. 

This is an excellent text, providing valuable 
information and is a valuable reference for 
anyone with an interest in rhinology. 


Norman S, Druck, MD 
St. Louis, MO 


Vestibular Mechanisms in Health and 
Disease 


Edited by J. D. Hood. Hard cover, black 
and white illustrations, indexed, refer- 
enced, 378 pp, 1978. Academic Press Inc., 

a London. Price £13.50 


This volume is a compendium of the papers 
presented at the VI Extraordinary Meeting of 
the Barany Society in London, September 
1977. It has been logically arranged into chap- 
ters which cover a wide scope of subjects both 
theoretical and clinical in application. Topics 
include newly-described central neural path- 
ways, concepts of systems analysis of the ves- 
tibulo-oculomotor reflex arc, anatomy and his- 
topathology of the vestibular end-organ, head 
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movement perception and postural control, as 
well as material on positional, caloric and op- 
tokinetic nystagmus. The names of contribu- 
ting authors will be familiar as investigators 
in the forefront of their respective disciplines. 


This text is not intended as a comprehen- 
sive review of vestibular anatomy and patho- 
physiology. Rather, it serves as a concise and 
timely update on the recent activities of many 
of the most active vestibular research units 
throughout the world. As such, it will provide 
valuable reference material to student and sci- 
entist alike, engaged in related research activ- 
ities. The clinician evaluating the vestibular 
system should find most useful the material 
dealing with the various factors influencing 
currently-used diagnostic procedures such as 
ovtokinetic and caloric nystagmus. He will 


‘find the section on positional nystagmus com- 
-plete and thought-provoking. Furthermore, the 


clinician is treated to an insight into the diag- 
nostic test battery of the future. 


'This book is a ^now" experience, bringing 
the reader immediately up-to-date in a wide 
variety of topics related to the vestibular sys- 
tem. It is heartily recommended to anyone 
dealing with the system either in the abstract 
or in the patient. 


RicHARD W. BABIN, MD 
Iowa City, IA 


ABSTRACTS FROM 
NATIONAL AND 
INTERNATIONAL JOURNALS 


Tomography in Expansile Lesions of the 
Nasal and Paranasal Sinuses 


Du Bois PJ, Schultz JC, Perrin RL, et al: 
Radiology 125:149-158, 1977 


Thirty-five patients with nasal and paranas- 
al sinus masses were studied by this group at 
the University of Pittsburgh Health Center. 
The lesions were divided into destructive and 
expansile lesions on the basis of radiographic 
features. Pluridirectional tomography in care- 
fully selected projections may be required to 
demonstrate expansile growth. Tomographic 
appearance alone will not characterize histo- 
pathologic entities. Rate of growth of the tu- 
mor mass may be elicited, and distinctions be- 
tween fibro-osseous and epithelial tumors may 
be made. 


M. J. PAYNE 
St. Louis, Mo. 


Experience with the Gold Button Technique 
for Intraoral Interstitial Implants with 
Iridium-192 Seeds 


Kumar DP, Henscke UK: Radiology 124: 
227-229, 1977 


The authors from the department of Radiol- 
ogy of Howard University Hospital in Wash- 
ington, DC enumerate the disadvantages of 
free-hand intraoperative removable interstitial 
implants. The use of gold buttons on the oral 
side of plastic tubes was devised in an effort 
to cut down the dose to opposing normal mu- 


ABSTRACTS 


cosa in head and neck cancers treated by the 
straight loop after cording technique. 


The technique is described in detail using 
four figures. 
M. PAYNE 
St. Louis, Mo. 


Correlation between Prognosis and Degree 
of Lymph Node Involvement in 
Carcinoma of the Oral Cavity 


Kalnins I, Leonard A, Sako K, et al: Am J 
Surg 134:450-454, 1977 


It would be advantageous to define a group 
of patients with squamous cell carcinoma of the 
oral cavity and tonsillar area who are at high 
risk for recurrence of disease or metastasis so 
that chemotherapy and/or immunotherapy 
might be used to improve patient survival 
rates. Between 1957 and 1971, 340 determinate 
radical neck dissections were performed at 
Roosevelt Park Memorial Institute for biopsy 
proven squamous cell carcinoma of the oro- 
pharynx and tonsillar area. This group was in- 
vestigated with regards to: 1) stage of dis- 
ease, 2) number of metastatic lymph nodes, 3) 
level of lymph node metastasis (i.e., upper, 
middle or lower one third of the neck), 4) 
penetration of tumor through lymph node cap- 
sule and, 5) incidence of recurrence. 


The five-year survival of Stage III and Stage 
IV patients was 47% and 16% respectively. 
Those patients with histologically negative 
neck lymph nodes had a five-year-survival 
rate of 75%; those with one positive node had 
a five-year-survival rate of 49%; those with two 
positive nodes, 30% and those with three or 
more positive neck nodes, 13%, survived five 
or more years. The determinate five-year-sur- 
vival rate was poor for patients with lymph 
node involvement in the lower one third of 
the neck and for patients with histologic evi- 
dence of penetration of carcinoma through 
ymph node capsules into surrounding soft tis- 
sues. Patients with three or more positive 
lymph nodes had the highest incidence of re- 
current disease in the neck and distant met- 
astatic spread. This group seems to be at high 
risk and may benefit from chemotherapy and/ 
or immunotherapy before objective evidence of 
distant metastasis is found. 


N. PoNTILENA 
Hackensack, NJ. 


Pulmonary Edema as a Complication of 
Acute Airway Obstruction 


Oswalt CE, Gates GA, Holstrom FMG: 
JAMA 238:1833-1835, 1977 


Acute pulmonary edema can result from 
mechanical obstruction to the upper airway. 
Three cases of pulmonary edema subsequent 
to laryngeal obstruction by carcinoma, by 
strangulation, and by hanging were present 

All patients exhibited respiratory distress, pul- 
monary congestion, alveolar infiltration and 
relatively poor oxygenation. Mechanisms for 
pulmonary edema most likely involve altered 
alveolar and capillary permeability and in- 
creased negative interstitial pulmonary pres- 
sures, Inspiratory efforts against a closed up- 
per airway could very well result in pulmonary 








edema, Treatment involves medii res 
atory support with PEEP, diurétics, use LE E 
colloids and the possible use of ‘steroids in thé à 
face of damaged capillaries and alveoli. ` 
D. KAUFMAN? | 
New York. NY. 


Persistent Carcinoma of the Oropharynx 
and Oral Cavity Re-treated by After- 
Loading Interstitial '""Ir Implant 


Nisar Syed AM, Bernard FH, George FW 
III: Cancer 39:2443-2450, 1977 


Persistent oropharyngeal and oral cavity 
carcinomas previously treated by "full toler- 
ance" radiotherapy with or without prior sur- 
gery may be retreated for salvage or palliation 
using Iridium 192 interstitial implants. From 
February 1974 to July 1975, 29 patients with 
süch lesions were treated using afterloading 
Ir" implantation techniques providing doses 
from 5000 to 7000-rads in three to five days. 
Eighteen of the 29 patients (632) have had 
complete local:control for 18 to 36 months. 
Ten have died and one is alive with progres- 
sive disease. The complications include tissue 
necrosis with or without fistula and these oc- 
curred in 20% of the patients. These results 
compare favorably with other modalities of 
retreatment for persistent carcinomas in these 
areas. Afterloading, interstitial Ir" implants 
seem to be a worthwhile alternative. 


N. PONTILENA 
Hackensack, NJ. 


Systemic Absorption of Neomycin 
Irrigating Solution 


Weinstein JA, McHenry CM, Gavan LT: 
JAMA 237:152-153, 1977 


Neomycin 1% solution was used to irrigate 
those wounds in patients who had undergone 
total hip replacements. Some concentrations 
of neomycin were measured at the time of ir- 
rigation and hourly up to four hours postirri- 
gation. Systemic absorption of neomycin oc- 
curred in all patients. Despite the fact that 
there was no clinical evidence for nephrotoxi- 
city or ototoxicity, it is suggested that if 
wounds require irrigation with neomycin, the 
irrigant should contain a concentration of low- 


er than 1%. 
D. KAUFMAN 
New York, NY. 


Intravenous Hyperalimentation in Head and 
Neck Tumor Surgery: Indications and 


Precautions 
Ruberg RL: Br J Plast Surg 30: 151- 153, 
1977 


The authors review their findings in a total 
of 25 head and neck surgery patients nour- 
ished by intravenous hyperalimentation deliv- 
ered through an indwelling subclavian cathe- 
ter. Preoperative preparation especially in cases 
following preoperative radiation therapy, post- 
operative gastrointestinal dysfunction and renal 
or hepatic failure are listed as indications. 
They find that long-term feeding with this 
technique does not result in excessively high 
infection rates, especially if the catheter is 
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placed on the side opposite the patient's le- 
-sion and the catheter is dressed aseptically 
during dressing changes or tracheostomy toi- 
lette. 

M. PAYNE 

St. Louis, Mo. 


Prevention of Death From Metastasis by 
Immune RNA Therapy 


Wang BS, Onikul SR, Manick JA: Science 
202:59-60, 1978 


Despite a number of reports of successful 
immunoprophylaxis against experimental ani- 
mal tumors with immune RNA, the effects of 
this method have been disappointing in estab- 
lished tumors, a lack of ecli voness shared 
with other forms of immunotherapy in ani- 
mals with sizeable tumor burdens. The authors 
have taken the logical step in testing immune 
RNA in animals in which all gross tumors 
have been excised; where the goal of immuno- 
therapy is the prevention of metastatic tumor 
recurrence. They also studieď the effect of 
immune RNA treatment on the incidence of 
death from pulmonary metastases in mice af- 
ter excision of B16 murine melanoma. Immune 
RNA was extracted from lymphoid tissue of 
guinea pigs immunized with the same tumor 
then incubated in vitro with normal spleno- 
cytes. Mice receiving intraperitoneal injections 
of these immune RNA treated splenocytes, af- 
ter the tumor was resected, showed signifi- 
cantly improved long term survival (42-67% 
as compared to control mice receiving un- 
treated splenocytes with 0-20% survival). 
These results suggest that immunotherapy 
with immune RNA may be a benefit in cer- 
tain patients after surgery for cancer. 


M. ABRAMSON 
New York, NY. 


Frequency Discrimination Following the 
Selective Destruction of Cochlear 
Inner and Outer Hair Cells 


Nienhuys TGW, Clark GM: Science 199: 
1356-1357, 1978 


The separate functions of inner and outer 
hair cells with their different types of inner- 
vation (Spoendlin, 1972) have long been sub- 
ject of speculation and controversy. An earlier 
neurophysiological study by Kiang et al 
(1970) had suggested that the outer hair cells 
might provide the sensitivity of individual 
cochlear-nerve fibers. The present study, on 
the basis of behavioral measurements in cats, 
before and after drug-induced lesion of coch- 
lear hair cells, demonstrated that frequency 
discrimination is not affected by the loss of 
outer hair cells, as long as at least 50% of the 
inner hair cells remain histologically intact. 
Thus, the specific task of the inner hair cells 
. appears to be frequency discrimination. 


J. ToNNDORF 
New York, NY. 
Radical Neck Dissection 
Conley J: Ann Plast Surg 1:19, 1978 


An excellent presentation of the history, 
evolution and current status of the radical 
neck dissection helps to introduce this new 


ABSTRACTS 


plastic surgery journal, The anatomy of the 
area, the importance of special structures, the 
popular incisions, operative technique, com- 
plications, and factors affecting prognosis are 
reviewed quite thoroughly. The role of the 
modified radical neck dissection and its use 
where conservation is tolerable are discussed. 
This is a good review article. 

M. J. PAYNE 

St. Louis, Mo. 


An Improved Septoplasty: The 
Microsurgical Suture Technique 


Gottschalk GH: Ann Plast Surg 1:30, 1978 


The author discusses 204 septal reconstruc- 
tions performed during a seven-year period 
using a microsurgical suture technique. He de- 
scribes his operative technique in detail using 
special instruments he has designed, and 
makes special note of not having to employ 
packs or splints in either nasal cavity as a 
dressing. 

M. J. PAYNE 
St. Louis, Mo. 


Rhinoplasty in the Older Adult 
Rees T: Ann Plast Surg 1:27, 1978 


The author makes a plea that more preop- 
erative evaluation; more in-depth consulation 
with the older patient seeking a cosmetic 
rhinoplasty, are required than for the younger 
patient. Taking a stand somewhat less rigid 
than that of years past when he notes many 
surgeons categorically refused to perform cos- 
metic rhinoplasty on older patients, he dis- 
cusses the emotional, as well as anatomic pit- 
falls that must be considered. 


M. J. PAYNE 
St. Louis, Mo. 


Die Ausbreitung loslicher Substanzen nach 
Applikation in die Cisterna 
cerebellomedullaris (The Distribution 
of Soluble Substances after Application 
to the Cerebellomedullar Cystern) 


Kommos J, Giebel W: Arch Otorhinolaryn- 
gol (NY) 221:67-76, 1978 


The site of production of the perilymphatic 
fluid and its direction of flow within the peri- 
lymphatic duct is a long-standing controversi- 
al issue. In order to study this question in liv- 
ing and dead guinea pigs the authors injected 
one 4l of 2% rhodamine solution into the cere- 
bellomedullar subarachnoidal space. This re- 
sulted in a pressure-free application of a dye- 
tracer in quantities far below those used in 
previous studies. In living animals the dye 
reached the frontal parts of the brain within 
20 minutes, whereas no dye was found within 
the perilymphatic space of the inner ear. In 
dead animals the distribution of rhodamine 
was much slower and dye was encountered 
within the cochlea one hour after injection. 
The authors conclude from their findings that 
an existing cerebrospinal fluid flow bypasses 
the intracranial opening of the perilymphatic 
duct under physiological conditions; therefore 
an intracochlear site of perilymphatic fluid 
production should be assumed. 


J. INNITZER 
Vienna, Austria 


UNIVERSITY OF IOWA SM yn 
Annual Course 


SURGICAL TECHNIQUES IN CLEFT LIP AND PALATE 
AND ASSOCIATED MAXILLOFACIAL DEFORMITIES 


September 17-21, 1979 
at À - 
University of Iowa 


Faculty will include plastic surgeon, otolaryngologist, orthodontist, maxilloftcial prósthodontist, 
speech pathologist, pediatrician, psychologist and social worker, All listed specialists are mem- 
bers of the Center for Congenital Maxillofacial Anomalies at the University of Iowa. 

Guest speakers will be two plastic surgeons from other centers: Dr, V. Michael Hogan, Asso- 
ciate Professor of Surgery, New York University Medical School, Director of the. Cleft Palate 
Program, Institute of Reconstructive Plastic Surgery; and Dr. Kenneth E. Salyer, Director of 
Cranio-Facial Surgery in Children's Medical Center in Dallas, Attending Surgeon, Baylor. Uni- 
versity Medical Center, and former Professor and Chairman, Division of Plastic Surgery, Uni- 
versity of Texas, Southwestern Medical School. 

Emphasis will be placed upon current surgical techniques used in primary cleft lip. and. palate 
repair and in correcting secondary maxillofacial deformities associated with cleft lip and palate. 
Special attention will be paid to the correction of cleft related nasal deformities and to the op- 
erations correcting salGprapniatsl incompetence. Operations on the facial skeleton to correct 
secondary maxillofacial deformities will be presented. Didactic presentations will be supported 
by demonstrations in the operating room, both live and videotaped. 


Enrollment will be limited 
TUITION: $500.00 (Residents $250.00) 


For further information contact: Janusz Bardach, MD, Division of Plastic and Reconstructive 
Surgery of the Head and Neck, Department of Otolaryngology and Maxillofacial Surgery, Uni- 
versity of Iowa Hospitals, Iowa City, IA 52242. s i; 
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XV CONGRESS PAN-PACIFIC 
SURGICAL ASSOCIATION 


Location. 
Opportunity. 


That tells the Qualicare story. 


Qualicare offers outstanding practice oppor- 
tunities in internal medicine, family practice, ENT, 


Honolulu, Hawaii 


January 12-18, 1980 
Monday-Friday: 8:00 A.M. - 12:30 P.M. 


Papers and panels on the following 
topics: 


Otoneurology; Head and Neck Trauma; 
Otology, Rhinology; Facial and Recon- 
structive Surgery; General topics such 
as vestibular disorders, sinusitis, nasal 
allergies, etc. 


CME Category 1: 20 credit hours 


For information write: Pan-Pacific Sur- 
gical Association, Room 236, Alexander 
Young Bldg., Honolulu, HI 96813. Atten- 
tion: Helen. 


orthopedics and urology. 

And we offer those opportunities in the most 
desirable areas of the United States: the Sun Belt, 
Virginia, Southern California, a delightful Midwestern 
university city. Solo and group practices are available 
with income guarantees. Also, we offer assistance in 
obtaining state medical licenses, and with relocation 

Please send us a curriculum vitae and fell us 
what you are looking for, in confidence 


Gui 


THE MANAGEMENT COMPANY 
Dr. S. J. Odom/P.O. Box 24189/ New Orleans, LA 70184 


7th Course in 
CLINICAL NEUROTOLOGY 


October 29 - November 1, 1979 


Course Director 
NICHOLAS TOROK, MD 


` ; ILLINOIS EYE AND EAR INFIRMARY 

UNIVERSITY OF ILLINOIS AT THE MEDICAL CENTER, CHICAGO 
This four day course of comprehensive study is for the physician seeking improved 
competence in the diagnosis and management of the patient with any form of diz- 
ziness or disequilibrium. The program will offer sessions in the basic sciences of the 
vestibular system, diagnostic testing methods, interpretation of neurotologic find- 
ings, medical and surgical management, and principles and use of equipment. 


COURSE FACULTY 


Nicholas Torok, MD, Cesar Fernandez, MD, Lee R. Hamilton, MS, Cecil W. Hart, 
MD, Arvind Kumar, MD, Richard Marcus, MD, Jack Pulec, MD, Oscar Sugar, 
MD, Galdino Valvassori, MD. 


FEE: $300.00 ($150.00 Residents) 
AMA Category 1 Credit: 28 Hours 


For program brochure and registration details: University of Illinois at the Medical 
Center, Office of Continuing Education Services, 1853 West Polk St., Rm. 144, 


Chicago, IL 60612 (312) 996-8025. 


ELECTRONYSTAGMOGRAPHY 


Short Courses for Physicians, 
Audiologists and Technicians 


sponsored by 
THE METHODIST HOSPITAL 
and the INSTITUTE OF 
OTORHINOLARYNGOLOGY and 
COMMUNICATIVE DISORDERS, and 
NEUROLOGY, THE NEUROSENSORY 
CENTER OF HOUSTON 
October 13-15, 1979 
Two parallel three-day intensive courses in 
clinical ENG are offered. The technicians’ 
course stresses practical aspects of test tech- 
nique, and the physicians' course stresses clini- 
cal applications. Audiologists may take a spe- 
cially scheduled program which includes parts 
of both the techniques and interpretation 
course. The courses rely heavily on tutorial 
teaching methods to allow ample opportunity 
for supervised trial and error learing. 
A report of each technician trainee's perfor- 
mance, including examination scores and an 
evaluation of technical competence, will be 
given the trainee and the employer. 
Course Instructors: 
ALFRED C. COATS, MD, and Staff 
Tuition: $325.00 
Limited Enrollment 
Address inquiries to: Alfred C. Coats, MD, 
ENG Laboratory, The Methodist Hospital, 
6516 Bertner Blvd., Houston, TX 77030. 
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DEPARTMENT OF 
OTOLARYNGOLOGY 


and 
FUNCTIONAL SURGERY OF 
THE EAR 
Hospital de la Cruz Roja 
Barcelona, Spain 
announces 


INTERNATIONAL SYMPOSIUM ON 
ENDONASAL MICROSURGERY 
AND RHINOSINUSAL ENDOSCOPY 
May 19-21, 1980 
Director: J. Prades, MD 
Cosponsors: J. Bosch, MD, Ch. Freche, MD 
J. M. Montserrat, MD 
International Guest Lecturers 
Rhinoneuromicrosurgery, septoplasty, endonas- 
al approach of the pterigomaxillary fossa, en- 
donasal microsurgery of the facial algias, and 
of the lacriminasal ductus ways, vidian neu- 
rectomy, Bock neurectomy in the secretor or 
obstructive tubaritis, the greater superficial pe- 
trosal neurectomy by iansattical approach 

and rhinosinusal endoscopy. 
Simultaneous translation: English, French 
Spanish 


Registration Fee — $300. 


For further information write: J. Bosch, MD, 
Muntaner 366-3°, Barcelona 21, Spain. 


A MAJOR NEW JOURNAL ——.— AVAILABLE IN JULY 


INTERNATIONAL JOURNAL OF 


Pediatric 


Oto 


Rhino 


Scope and Purpose 


The purpose of the International Journal of Pediatric 
Otorhinolaryngology is to concentrate and disseminate 
information concerning prevention, cure and care of 
otorhinolaryngological disorders in infants and children 
due to developmental, degenerative, infectious 
neoplastic. traumatic. social, psychiatric, and econo- 
mic causes. The Journal provides a medium for clinical 
and basic contributions in all of the areas of pediatric 
otorhinolaryngology. These include medical and surgi- 
cal otology, broncheosophogology. laryngology, rhino- 
logy, diseases of the head and neck, and disorders of 
communication, including voice, speech and language. 


ngology 


Types of Papers 

1. Full length papers reporting original results of clinica 
and basic findings in any discipline of importance to the 
pediatric otorhinolaryngological community. 

2. Clinical Notes reporting on preliminary findings wher 
it is considered that the results should be made known 
quickly to other clinicians and investigators in the field 
Clinical Notes should not exceed 1200 words in length, 
or equivalent including tables and illustrations, to 
enable rapid reviewing and publication. 

3. Review articles giving a survey. an evaluating and 
critical interpretation of recent clinical or research data 
in a particular field of pediatric otorhinolaryngology or 
on a specific problem or topic of interest within the 
scope of the journal. 


All correspondence concerning the submission of manuscripts should be sent to the Editor-in-Chief. 





Editor-in-Chief: 

R.J. Ruben 

Department of Otorhinolaryngology 
Albert Einstein College of Medicine 
1300 Morris Park Avenue 

Bronx. New York 10461 

U.S.A. 


G. Pestalozza 
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ELSEVIER/NORTH HOLLAND P/ON/EDICAL PRESS 


For further information and/or free sample copy please write to: 


In the U.S.A. and Canada 
JOURNAL INFORMATION CENTER 
Elsevier's Science Division 

52 Vanderbilt Ave., 

New York, NY 10017 


Please send your orders to the Amsterdam address 


The Dutch guilder price is definitive USS prices are subject to exchange rate fluctuations 


In all other countries: 
ELSEVIER/NORTH-HOLLAND 
BIOMEDICAL PRESS 

P.O.Box 211. Amsterdam 
1000 AE. The Netherlands 
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THE NEW LOOK 
IN OTOLOGICAL SURGERY 





THE OTOTOME' SYSTEM. THE NO-LUBE, |^ ^. 
VERSATILE, QUIET, LIGHTWEIGHT DRILL - — 
AND BUR SYSTEM DESIGNED FOR USE UNDER 


THE MICROSCOPE. 


In otological surgery, the days 
of the modified dental drills 
and complicated electrical 
systems are over 

Now, there's something 
far better. 

The OTOTOME System. 

A microsurgical power 
instrument with accessories 
and a full line of ball-bearing 
burs designed for otological 
surgery 

Designed to let you see all 
you need to see under the 
microscope with straight and 
20° angled handpieces 
tapered for excellent visibility 

And, a forward and reverse 
foot control, to make sure you 
have visibility of the tip of the 
OTOTOME 

There's a lot more that 
makes OTOTOME a whole 
sight better, too 

They're the only instrument 
and burs of their kind that 
never need lubrication. (And 
that means you save time and 
maintenance worries.) 

It gives you versatility to meet 
the needs of the specialty. The 
standard High Speed hand- 
pieces operate at 22,000 RPM 
for use in mastoid surgery. A 
Low Speed handpiece (4,000 
to 5,300 RPM) is available for 
use in stapes and hypophy- 
sectomy procedures 


The handpieces give you 
the precision control and feel 
thats so important in otological 
surgery 

It's exceptionally quiet 
Sound Pressure Level (S.P L.) 
measurements at 7 inches 
from the drill handpiece are 
just 74 decibels 

Its lightweight. With a hand- 
piece attached, the total weight 
barely exceeds one pound 

And the Systems ball- 
bearing burs — both cutters 
and diamonds —run smoothly 
and coolly with no seizing or 
heating up, even under 
constant use 

The OTOTOME System. The 
new look in otological surgery 

To be sure to see it, just send 
back the coupon 


Distributed by 


ZIMMER: USA 


Warsaw, Indiana 46580 


Clip and mail to 
ZIMMER * USA 
Warsaw, Indiana 46580 
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Please contact me for an OTOTOME demonstration. 





Name 








| Address | 
City i 7 State Zip 


Designed and Manufactured by Amsco Hall Surgical 
Santa Barbara, CA 93101. Division of American Sterilizer Company 
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When a cold strikes . 
238,857 miles from 
home,a decongestant 
can't afford to fail. 


Taken for relief of nasal congestion during five Apollo missions. 


ACTIFED® Tablets and Syrup 


INDICATIONS: Based on a review of this drug by the National 
Academy of Sciences — National Research Council and/or 
other information, FDA has classified the indications as fol- 
lows: 

"Probably" effective: For the symptomatic treatment of sea- 
sonal and perennial allergic rhinitis and vasomotor rhinitis. 
*"Lacking substantial evidence of effectiveness as a fixed 
combination": For the prophylaxis and treatment of the 
symptoms associated with the common cold. 

Final classification of the less than effective indications re- 
quires further investigation. 














CONTRAINDICATIONS: Contraindicated in newborn or 
premature infants; in nursing mothers; for the treatment of lower 
respiratory symptoms including asthma; in patients hypersensitive 
to: 1) triprolidine hydrochloride and other antihistamines of similar 
chemical structure; and/or 2) sympathomimetic amines including 
pseudoephedrine; in patients on monoamine oxidase inhibitor 
therapy (see Drug Interactions Section). 


WARNINGS: Use with considerable caution in patients with: 
increased intraocular pressure (narrow angle glaucoma), 
stenosing peptic ulcer, pyloroduodenal obstruction, symptomatic 
prostatic hypertrophy, bladder neck obstruction, hypertension, 
diabetes mellitus, ischemic heart disease, hyperthyroidism. 
Sympathomimetics may produce central nervous stimulation 
with convulsion or cardiovascular collapse with accompanying 
hypotension. 

Use in Children: As in adults, the combination of an antihistamine 
and sympathomimetic amine can elicit either mild stimulation or 
mild sedation in children. In the young child, mild stimulation is 
the response most frequently seen. In infants and children, 
especially, antihistamine in overdosage may cause hallucination, 
convulsion or death. Large doses of pseudoephedrine are known 
to cause asthenia, lightheadedness, nausea and/or vomiting. 
Use in Pregnancy: Experience with this drug is inadequate to 
determine whether there exists a potential for harm to the 
developing fetus. 

Use with CNS Depressants: Triprolidine has additive effects with 
alcohol and other CNS depressants (hypnotics, sedatives, 
tranquilizers, etc.) 

Use in Activities Requiring Mental Alertness: Patients should be 
warned about engaging in activities requiring mental alertness as 
driving a car or operating appliances, machinery, etc. 

Use in the Elderly (Approximately 60 years or older): Anti- 


histamines are more likely to cause dizziness, sedation and hypoten- 


sion in elderly patients. Overdosages of sympathomimetics in this 
age group may cause hallucinations, convulsions, CNS 
depression, and death. 


PRECAUTIONS: Use with caution in patients with: history of 
bronchial asthma, increased intraocular pressure, hyper- 
thyroidism, cardiovascular disease, hypertension. 


DRUG INTERACTIONS: MAO inhibitors prolong and intensify the 
anticholinergic (drying) effects of antihistamines and overall 
effects of sympathomimetics. Sympathomimetics may reduce the 
antihypertension effects of methyldopa, decamylamine, reserpine, 
and veratrum alkaloids. 


ADVERSE REACTIONS: The most frequent adverse reactions are 
underlined: 

1. General: Urticaria, drug rash, anaphylactic shock, photo- 
sensitivity, excessive perspiration, chills, dryness of mouth, nose 
and throat. 

2. Cardiovascular System: Hypotension, headache, palpitations, 
tachycardia, extrasystoles. 

3. Haematologie ystem: Hemolytic anemia, thrombocytopenia, 
agranulocytosis. 

4. Nervous System: Sedation, sleepiness, dizziness, disturbed 
coordination, fatigue, confusion, restlessness, excitation, 





nervousness, tremor, irritability, insomnia, euphoria, paresthesias, 
blurred vision, diplopia, vertigo, tinnitus, acute labyrinthitis, 
hysteria, neuritis, convulsions, CNS depression, hallucination. 

5. G.I. System: Epigastric distréss, anorexia, nausea, vomiting, 
diarrhea, constipation. 

6. G.U. System: Urinary frequency, difficult urination, urinary 
retention, early menses, 

7. Respiratory System: Thickening of bronchial secretions, 
tightness of chest and wheezing, nasal stuffiness. 
OVERDOSAGE: Overdosage reactions may vary from central 
nervous system depression to stimulation. Stimulation is 
particularly likely in children. Atropine-like signs and symptoms: 
dry mouth; fixed, dilated pupils; flushing; and gastrointestinal 
symptoms may also occur. 

If vomiting has not occurred spontaneously the patient should be 
induced to vomit. Precautions against aspiration must be taken, 
especially in infants and children. If vomiting is unsuccessful 
gastric lavage is indicated within 3 hours after ingestion and even 
later if large amounts of milk or cream were given beforehand. 
Isotonic and 1/2 isotonic saline is the lavage solution of choice. 
Saline cathartics, as milk of magnesia, draw water by osmosis into 
the bowel and therefore, are valuable for their action in rapid 
dilution of bowel content. Stimulants should not be used. 
Vasopressors may be used to treat hypotension. 

DOSAGE AND ADMINISTRATION: Dosage should be individ- 
ualized according to the needs and the response of the patient. 


Usual Dose: 


Syrup 
Tablets teaspoonfuls (5 cc) 


Adults and children 
12 years and older 1 


Children 6 to 
12 years 1/2 


Children 4 to 
6 years — 
Children 2 to 
4 years — 
Children 4 months 

HOW SUPPLIED: 

Actifed* Tablets — Bottles of 100 and 1000; unit dose pack of 100. 
Actifed* Syrup — Bottles of 1 pint and 1 gallon. 
Unit of Use: 
Tablets — Bottles of 30 and 100 with child-resistant cap. 


to 2 years 
Syrup — 4 oz bottle with child-resistant cap. 


Reference: 1. Johnston RS, Dietlein LF, Berry CA (eds): 
Biomedical Results of Apollo. Washington, DC, National 
Aeronautics and Space Administration, 1975, p 63. 


ACTIFED 


Each scored tablet contains ACTIDIL* (triprolidine HCI) 2.5 mg, 
SUDAFED* (pseudoephedrine HCI) 60 mg. Each 5 cc teaspoonful 
of syrup contains ACTIDIL* 1.25 mg and SUDAFED® 30 mg. 


Tablets/Syrup 


You can count on it. 












































XOMED'S 


UHN TYM-TAP 


Sterile disposable middle ear fluid 


aspirator/collector 




















Illustration is 90% of actual size. 





Continuing innovation at Xomed now brings a new and practical method of collecting 
samples of middle ear effusions for laboratory analysis. The easy to use TYM-TAP adapts to any 
suctión line and provides for a "closed-system" collection of non-contaminated fluid samples. 
_The’sample vial is then detached and capped for safe and easy transport to the lab. Special 
 désign features include: 


€ Tubing angle which is fully adjustable: CJ 
— allows for optimal visibility á A 
— allows easy access to middle ear Q 
€ Pre-sterilized & disposable to eliminate [^ 
contamination y 
€ Unit cost less than a ventilation tube es 
yo 


Desigued by S. K. Juhn, M.D., Minneapolis, Minn, 


NO Patent applied for Q NS 
e 
«e 
es 


For additional information, the name of your local Territorial . 
Sales Manager and/or nearest dealer, call (800) 874-5797 (in MIS 
Florida call (904) 737-7900 collect); TWX (810) 827-6439; e 

or write Xomed, Inc., 8641 Baypine Road, Jacksonville, GAY 

Florida 32216. t 
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RECONSTRUCTION OF THE AUDIOGRAM USING © 
BRAIN STEM RESPONSES AND HIGH-PASS NOISE MASKING 





MANUEL Don, PhD rah f ik 
Los ANGELES, CALIFORNIA ' CARS MES be 3 
~ Jos J. Eccermont, PhD Deratp E. BRACKMANN, M 


. NIJMEGEN, THE NETHERLANDS Los ANGELES,. CALIFORNIA 

Contributions to the brain stem electrical responses ( BSER) presumably initiated from 
specific frequency regions of the cochlea with center frequencies ‘similar’ to the major audio- 
metric frequencies (0.5, 1, 2, 4, and 8 kHz) are derived by the application of a high-pass noise 
masking technique utilizing click stimuli. In normal hearing subjects, these derived narrow-band 
responses from the midfrequency regions (4, 2, and 1 kHz) can be:recognized at click levels 
as low as 10 dB HL; For the frequency regions around 8 kHz and 0:5 kHz, these derived re- 
ud can be discerned at click levels of 30 dB HL and higher. When one uses the lowest 
click level at which these derived responses can be obtained from a given frequency region, 
the differences between a patient with a hearing loss and a normal hearing subject correlate 
well with the amount of hearing loss (air conduction) recorded by conventional pure tone au- 
diometry. Use of the high-pass noise masking technique to reconstruct the audiogram may be 


of great potential value in assessing young children and other individuals who cannot or will 


not respond to conventional audiometry. 


INTRODUCTION 


Over the past few years active inter- 
est has arisen in auditory evoked brain 
stem potentials and their clinical appli- 
cation in assessing auditory and neuro- 
logical functions. The early history of 
the description of these potentials in 
man’? and of the first detailing of the 
components** has been reviewed in most 
studies published on auditory brain stem 
potentials. Good reviews of brain stem 
and other auditory evoked electrical 
activity can be found in Davis,? Keidel,® 
Picton et al? and Brackmann.? 


One of the major applications of brain 
stem audiometry is the determination of 
hearing thresholds in infants and multi- 
ply-handicapped children. With present- 
ly available techniques, one can only 
estimate hearing thresholds at various 
frequencies. This paper details a method 
that appears promising for objective re- 
construction of the pure-tone audiogram 
with brain stem audiometry. 


Background. According to Jewett et 
al? the auditory brain stem responses 
(BSER) in man consist of a series of 
seven peaks occurring within the first 
10-12 msec after stimulus (click) onset. 
These peaks (vertex positive), separated 


by approximately one millisecond, are 


labeled with Roman numerals I through 


` VII. Poss l shows an example of a 


series of brain stem waves obtained in 
response to click stimuli presented at 
various intensities. Only the first six com- 
ponents are clearly detectable and la- 
beled. The largest, clearest, most stable 
wave is wave V. Much attention has 
been focused on this wave because it 
is traceable to near threshold values of 
the click stimulus.? A number of studies 
have delved into the origins, properties, 
and significance of these brain stem 
wayes, 45:10-15 zm a ex 


The various brain stem. studies ate 
divided into two major- categories: 
1) those concerned principally with 
neurological function;'93? and 2) those 
concerned with peripheral auditory 
function. It should be emphasized that 
no attempts to relate brain stem poten- 
tials to auditory peripheral function can 
be made until neurological disorders 
have been ruled out? Similarly, any 
statement regarding neurological func- 
tion must consider the staté-of the pe- 
ripheral auditory structures, ie, cochlea, 
middle and external ears.” = 


In the absence of neurological dis- ~a 
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Fig. 1. Brain stem electrical responses 
(BSER) to unfiltered clicks presented at 
various intensity levels from .a normal 
hearing subject. The various components 
are labeled using the nomenclature of 
Jewett et al.’ 


orders, there is evidence that auditory 
brain stem responses can provide in- 
formation regarding the peripheral au- 
ditory system. Hecox and Galambos? 
and Galambos and Hecox? demon- 
strated that latency-intensity functions 
of wave V resulting from click stimuli 
can be used to delineate sensory from 
conductive hearing losses. Additionally, 
brain stem potentials have become use- 
ful in the detection of acoustic tu- 
mors.?^** However, the major potential 
application of BSER is to patients, par- 
ticularly children, who cannot or will 
not respond to conventional audiometric 
techniques. A number of studies have 
demonstrated that this technique can 
provide some gross objective measure 
of auditory function and its develop- 
ment in early years.?*?* Early detection 
of auditory problems would allow early 
corrective measures, eg, hearing aids, 
that promote the vital process of lan- 
guage acquisition. Since a pure-tone 
audiogram is one of the basic indices of 
determining the extent of hearing im- 
pairment, and by which "appropriate" 
hearing aids are often chosen, a maior 
goal of BSER work is to determine the 
audiogram from the brain stem re- 
sponses. 


One of the initial and continuing 
problems in correlating BSER to the con- 
ventional pure-tone audiogram is re- 
lated to the type of stimulus used to 
evoke the brain stem activity. Transients, 
such as clicks, appear best for evoking 
the synchronized activity that BSER are 
presumed to reflect. Yet, the broad-band 
spectral nature of transients makes de- 
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termination of the relative contributions 
from the various frequency regions of 
the cochlea difficult. Recognition of the 
inadequacy of click stimuli?*' has led 
to the use of more frequency specific 
stimuli, such as filtered clicks, tone 
pips and tone bursts.?^?9-?9 


Although use of such stimuli has been 
successful in electrocochleography in re- 
constructing the audiogram,*^*' such 
has not been the case for BSER. One 
reason, as discussed by Davis? Davis 
and Hirsh?* and de Boer et al,*? centers 
on the interpretation of the responses 
when frequency specific stimuli are pre- 
sented at high levels. Another reason is 
the difficulty of eliciting clear, syn- 
chronized responses at low frequencies 
that originate from the apical end of the 
cochlea. The use of high-pass masking 
noise to eliminate basal contributions to 
the responses has been utilized by He- 
cox** in his evaluation of maturational 
changes of the cochlea in infants, and 
by Davis and Hirsh“ in their attempt 
to reveal apical contributions to a 500 
Hz tone pip. Manabe*? used high-pass 
and low-pass masking noise with tone 
pips of varying frequencies to study 
frequency specificity. Thus, as stated 
earlier, it is evident that much of the 
present work with BSER aims toward 
the determination of the audiogram. 


Description of the High-Pass Masking 
Technique. In some experimental animal 
work, Teas et al** introduced a derived 
response technique using high-pass 
masking noise that permitted the der- 
ivation of narrow-band contributions to 
the compound action potential (AP) of 
the whole nerve evoked by clicks or 
tone bursts. Elberling“ subsequently ap- 
plied this technique to human electro- 
cochleography. The possibility of re- 
vealing contributions to the BSER initi- 
ated from specific portions of the basilar 
membrane was suggested by Egger- 
montt? and has been demonstrated in 
detail by Don and Eggermont” and 
Parker and Thornton.’ Parker and 
Thornton‘? concluded that application 
of the derived response technique was 
valid for brain stem responses. 


The problems of reconstructing an 
audiogram using BSER are well-recog- 
nized, and attempts thus far have been 
partially successful. The results pre- 
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Fig. 2. A simplified schematic description of the BSER high-pass masking technique 
and its application for obtaining the derived BSER. No attempt has been’ made in the 
diagram to represent the actual physical relations in terms of length, width or frequency 
mapping of the cochlea. Section A represents the area whose maximum sensitivity is 
8 kHz and above; section B represents the region from 4 to 8 kHz; section C represents 
the region from 2 to 4 kHz; section D, from 1 to 2 kHz; section E, from 0.5 to 1 kHz; 


and section F, the region below 500 Hz. 


sented in this paper strongly support the 
notion that a reasonable reconstruction 
of the audiogram (500 Hz to 8 kHz) may 
be possible using the derived brain stem’ 
response obtained in high-pass masking 
noise, 


A simplified scheme of the high-pass 
masking derived response technique as 
applied to brain stem recording is illus- 
trated in Figure 2, which shows the 
cochlea rolled out flat and marked off 
in sections A through F. 


Because of its broad-band nature, a 
click stimulus presented at moderate 
hearing levels and above will stimulate 
nearly the whole cochlea. The brain 
stem response, R1 (Fig. 2, line 1) rep- 
resents the sum of brain stem activity 
initiated by stimulation of the whole 
cochlea, ie, from sections A through F. 
Next, the level of continuous broad-band 
noise that is sufficient to obliterate the 
response to the click is determined (Fig. 
2, line 2). This “masked” activity is 
labeled MR. After the appropriate noise 
level has been determined, the noise is 
high-pass filtered (steeply) at 8 kHz 
and the clicks are presented in this 
noise. 


The brain stem response, R2 (Fig. 2, 
line 3), obtained under these conditions 


results from click-synchronous: activity 
initiated from the region below 8 kHz. 


` The subtraction of this résponse (R2) 


from the response obtained without 
masking noise (Rl) results in the de- 
rived narrow-band response, DR1 (Fig. 
2, line 4), The subtraction procedure 
eliminates the common contributions 
from regions below 8 kHz (Fig. 2, 
stippled area, line 4) and results in the 
contribution from the. cochlea that was 
masked by the 8 kHz high-passed noise 
(Fig. 2, section A). 


Next, the high-pass cutoff of the noise 
is lowered an octave, to 4 kHz, and the 
clicks are presented in this noise. The 
brain stem responses recorded, R3 (Fig. 
2, line 5), results from click-synchronous 
activity from the unmasked portion of 
the cochlea, ie, the region below 4 kHz. 
Subtraction of this response (R3) from 
that obtained with the 8 kHz high-pass 
noise (R2) eliminates.the common con- 
tribution from the region below 4 kHz 
(Fig. 2, stippled area, line 6). The re- 
sponse derived from this subtraction 
(DR2) is initiated from the narrow- 
band region of the cochlea that was not 
masked by the 8 kHz high-pass noise 
but was masked by the 4 kHz high-pass 
noise (Fig. 2, section B). In a similar 
fashion, by successive subtraction of the. 
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Fig. 3. Block schematic of instrumentation used for generation of the click and 
noises and for recording, storing, and analyzing the BSER in the presence of high- 
pass»masking noise. This figure is reprinted by permission from Don and Eggermont.” 


responses, thé derived narrow-band con- 
tribution to the brain stem response is 
obtained for the other sections. The 
above scheme is for high-pass noises 
that, theoretically, have an infinitely 
steep cutoff slope. 


In this study, this technique used 
noise with a finite. cutoff slope of 96 
dB/octave. Because of the finite cutoff 
slope of the high-passed noise, the 
theoretical center frequency (CF) of 
the derived octave narrow-band region 
was always slightly above the lowest 
cutoff frequency of the two contributing 
high-pass noise patterns. The minor ex- 
ception is for region A in Figure 2, 
which in theory has no derived center 
frequency since it represents the area 
above 8 kHz. However, in view of the 
limited response of most transducers 
used clinically, as well as the frequency 
sensitivity of the auditory system, a 
center frequency of slightly above 8 kHz 
may be a good approximation. 


The present paper assumes for the 
sake of simplicity, that the derived re- 
sponses represent activity initiated from 
regions of the cochlea that are approxi- 
mately an octave wide with the center 
frequency similar to the calculated theo- 
retical center frequency mentioned 
above. At present, experimental support 
for this assumption is needed. 


A more detailed spectral description 


*Eggermont JJ, Don M: Unpublished data. 


of this technique, as well as the derived 
responses for one-half octave steps, have 
been reported earlier. In subsequent 
work, Eggermont and Don? have exam- 
ined in normal hearing adults the de- 
rived responses initiated from cochlear 
regions corresponding to the major au- 
diometric frequencies (8, 4, 2, 1, 0.5 
kHz) over a 60 dB intensity range (10 
to 60 dB SL). The present paper pre- 
sents results of comparison of the de- 
rived responses from normal hearing 
subjects with responses of patients with 
varying types of hearing loss. The intent 
is to establish criteria for reading these 
derived responses that will provide good 
correlations to the audiogram, thereby 
allowing objective reconstruction of the 
audiogram. 


METHODS AND MATERIALS 
SUBJECTS 


Two groups of subjects were tested in this 
study: 


1) A control group consisting of ten adults 
audiometrically showing normal hearing (ISO, 
1964). The age range for the normals was 23 
to 28 years. 


2) A group of patients demonstrating a 
hearing loss of more than 20 dB at one or 
more frequencies used in clinical testing. These 
patients were volunteers who had been re- 
cruited from two medical groups. The age 
range of the patients was from 9 to 72 years. 


STIMULI 
Unfiltered clicks were used to evoke the 
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Fig. 4. Power spectra of the clicks 
(170 usec pulses) and masking noises 
from wide band to 8 kHz high pass. 
Top spectrum is for 60 dB HL clicks. 
The level of the wide-band (pink) noise 
is that which masks the brain stem re- 
sponse to 60 dB HL clicks. The succeed- 
ing spectra represent the same noise 
high-pass filtered at 96 dB/octave at the 
cutoff frequencies noted. For display pur- 
poses, the plots of the noise spectra have 
been shifted in level so that they may be 
superimposed. These spectra were ob- 
tained from a TDH-49 earphone using a 
Bruel and Kjaer (B&K) Type 4152 arti- 
ficial ear with a B&K Type 4144 (1") 
microphone coupled to a B&K Type 2209 
sound level meter. The output of the 
meter was fed to a B&K Type 2301 real- 
time spectrum analyzer. The average 
spectrum of 256 samples was computed 
and the result was fed to a Tektronix 
4051 graphic unit for processing and 
plotting. 


brain stem activity. The clicks, which were 
alternated in polarity, were generated and 
controlled as shown in Figure 3. Under com- 
puter control, the pulse generators (Tektronix 
PG 502) were triggered at a given rate. The 
output of one pulse generator produced posi- 
tive going pulses, aid the output of the other 
pulse generator produced negative going 
pulses. These pulses were fed into a mixer to 
produce a train of pulses that alternated in 
olarity. This train of pulses was sequentially 
Fed to an attentuator (Hewlett-Packard 
350D), another mixer where it was mixed 


with the high-pass masking‘ noise, a power 
amplifier (Crown 150D), then to a TDH-49 
earphone. The pulse generator controlled the 
pulse width (approximately 170 usec) and 
the polarity, and the attenuator controlled the 
intensity. The clicks generated by this system 
were presented at 34/sec. 


The high-pass masking noise was generated 
by feeding pink noise from a random noise 
generator (General Radio, Type 1382) to a 
pair of cascaded filters (Krohnite 3343) high- 
passed at 48 dB/octave each, such that the 
resultant slope was 96 dB/óctave. Figure 4 
shows the power spectra of the click stimulus 
and the various masking noises from wide 
band to 8 kHz high pass. The click level dis- 
played (top spectrum) is for 60 db HL, and 
the noise level of the wide-band noise (next 
spectrum) is that which just masks the BSER 
to the 60 dB HL click in a normal hearing 
person. The succeeding power spectra repre- 
sent the same noise, except that it is high- 
pass filtered at 96 dB at the cutoff frequency 
values noted. These measurements were ob- 
tained from. a 'TDH-49 using a Bruel: and 
Kjaer (B&K) Type 4152 artifícal ear with a 
B&K Type 2209 sound level mèter. The out- 
put from the meter was fed ipto a B&K real- 
time spectrum analyzer (T$pe 2031). The 
output of the analyzer was fed to a Tektronix 
4051 graphics unit for processing and plotting. 


RECORDING SYSTEM . ^ “ 


The subjects lay quietly on a bed in a 
sound-treated room; Brain stem responses to 
the clicks were recorded with surface-applied 
metal disc electrodes. Differential recordings 
were obtained from an active electrode on the 
vertex (Cz) and a reference electrode on the 
mastoid of the ear under test. A ground elec- 
trode was attached to the forehead. The im- 
pedance (1 kHz) between any pair of elec- 
trodes was usually under 4K ohms. The re- 
sponses recorded with this electrode montage 
were filtered with a passband. of 100 Hz to 
3 kHz and amplified by a factor of 10°. A 
small general purpose computer (Nicolet Med- 
80) was used for averaging. The evoked elec- 
trical. activity was sampled at a rate of 16.67 
kHz for 15.36 msec (60 usec/point for 256 
points) after stimulus onset. The responses to 
2,000 click presentations were summed and 
stored on floppy diskettes for subsequent an- 
alysis. In the collection of all data, an arti- 
fact rejection routine was used to minimize 
contamination of muscle and large amplitude 
EEG activity on the recordings. The ear not 
under test was masked by broad-band noise 
uncorrelated with the high-passed masking 
noise. 


EXPERIMENTAL PARADIGM 


Normal Hearing Subjects. Brain stem re- 
sponses to clicks presented at 70 dB SL were 
summed and stored. The level of the wide- 
band pink noise that was just sufficient to ob- 
literate this brain stem response was deter- 
mined, and this “masked” activity was re- 
corded. The brain stem responses to the clicks 
in the presence of this noise and after it had 
been high-passed at 8, 4, 2, 1, and 0.5 kHz 
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Fig. 5. A typical series of*brain stem 
responses elicited’ by clicks of varying in- 
tensities in a normal hearing subject. 
Note the increases in latency of wave V 
with decreases in intensity. 


were then recorded in succession, The pro- 
cedure was repeated at each of the seven in- 
tensity levels separated by 10 dB steps down 
to 10.dB.SL; the high-pass masking noise 
was attenuated along with the click in each 
case, At each level, successive subtraction of 
the response waveform obtained in noise 
yielded the natrow:band contributions to the 
BSER (Fig. 2). -F 


Hearing Loss Patients. For patients with a 
hearing loss, the same procedure was followed 
with two exceptions: 1) The clicks were ref- 
erenced to average threshold for the normal 
subjects (ie, HL), and 2) click levels that 
did not yield a measurable brain stem response 
were not explored. Also, recordings at 70 dB 
were not collected for some patients tested 
early in the study. 
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RESULTS 


Figure 5 shows brain stem responses 
of a normal hearing subject to unfiltered 
clicks at various intensity levels. This is 
a typical series of responses as the in- 
tensity level of the clicks is reduced in 
10 dB steps. As demonstrated in earlier 
work,®"® the latency of wave V (or IV-V 
complex) increases as the level of the 
click decreases. Although useful, this 
simple latency-intensity function of 
wave V has not provided sufficient 
information regarding the whole audio- 
gram. Reasons for this insufficiency are 
provided in the following data. 


Plotted in Figure 6 are the responses 
at 70, 40 and 10 dB SL and the derived 
contributions initiated from various fre- 
quency regions in the cochlea to these 
responses using the high-pass masking 
technique. The left column of Figure 6 
shows the results of the high-pass mask- 
ing analysis performed at 70 dB SL. 
The top tracing is the unmasked re- 
sponse, ie, the response to the 70 dB SL 
clicks alone, followed by the derived re- 
sponses from octave-wide regions at 
approximate center frequencies (CF) 
of 8, 4, 2, 1, and 0.5 kHz. The sum of 
the derived waveforms yields the un- 
masked waveform. Note that the latency 
of wave V (IV-V) in the unmasked con- 
dition (denoted by the co symbol) is 
similar to that for the high frequency 
regions of the cochlea, ie, the 8 and 4 
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intensity levels (left column). At low intensities (10 dB SL, right 
ed response represents the activity initiated at the midfrequency 
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kHz regions. Thus, low frequency re- 
gions exert little influence on latency of 
wave V in the unmasked condition. 
Moreover, the latency of wave V in- 
creases as the center frequency of the 
region of the cochlea that initiates the 
response decreases. Also, note that the 
earlier peaks are difficult to distinguish 
in the responses initiated from the more 
apical regions of the cochlea. All of 
these points have been demonstrated 
and discussed in an earlier study.“ The 
middle column of Figure 6 shows the 
results of the analysis performed at 40 
dB SL. Again, we see contributions to 
the brain stem response from the octave 
regions of the cochlea studied and, again 
the latency of wave V increases as the 
center frequency of the region of the 
cochlear region decreases. The latency 
of wave V in the unmasked response 
(œ ) is slightly longer than for the 8 and 
4 kHz region but slightly shorter than 
for the 2 kHz region. Thus, it appears 
that the latency of wave V for lower 
level clicks is beginning to be more in- 
fluenced by the contributions below the 
4 kHz region. 


The stronger influence of lower fre- 
quency regions for less intense clicks is 
evident in the analysis performed at 10 
dB SL (Fig. 6, right colum. Here we 
see contributions to the brain stem re- 
sponse principally from the 2 and 1 kHz 
region. The latency of the unmasked 
response ( cc ) is similar to that from the 
2 kHz region. Contributions from 8 and 
0.5 kHz region are not detectable, nor 
from the 4 kHz region for this subject. 
However, in most normals, the contribu- 
tion from the 4 kHz region, though 
small, is detectable down to 10 dB SL. 
Analysis of these three intensity levels 
emphasizes that the latency of wave V 
in the unmasked response (the one nor- 
mally recorded in clinics) represents 
the sum of the various contributions ini- 
tiated from different parts of the coch- 
lea. Moreover, the latency of the un- 
masked response reflects contributions 
from the high frequency regions of the 
cochlea at high intensity click levels 
and from the 2 kHz region at low in- 
tensity click levels. Thus, the latency 
shift observed for wave V in the un- 
masked response with decreasing click 
levels results, in part, from the change 





*Eggermont JJ, Don M: Unpublished data, 


in the cochlear region initiating the ma- 
jor contribution. A more detailed dis- 
cussion of latency and amplitude an- 
alysis as a function of intensity level will 
be presented elsewhere.* Obviously, if 
the latency of wave V in the unmasked 
response represents superpositional tem- 
poral summation of the contributions 
initiated from all parts of theécochlea, 
a given latency of, the .unmasked re- 
sponse will not reveal which parts of the 
cochlea contribute to the. response and 
to what degree. 


This derived octave band analysis was 
performed at seven intensity levels (70 
dB to 10 dB SL), but, for the sake of 
brevity, only three levels are demon- 
strated in Figure 6. However, the re- . 
sponses at all seven intensity.levels are 
seen in the following altefhate method 
of plotting the derived brain stem re- 
sponses. Figure 7 displays the brain 
stem responses for the various frequency 
regions of the cochlea as a function of 
intensity levels for normal hearing sub- 
jects with easily distinguishable re- 
sponses. Figure 7A again presents the 
plots of the unmasked brain stem re- 
sponses to clicks, ie, no noise. As in 
Figure 5, wave V can be traced down 
to 10 dB SL. Figure 7B shows the de- 
rived responses initiated from the 8 kHz 
and above region of the cochlea. In 
most normals, the derived’ responses 
from this region can be clearly tracked 
down to 30 dB and, occasionally, as 
shown here, to 20 dB SL (for clicks). 
For the 4 kHz region, shown in Figure 
7C, wave V in the BSER can be tracked 
down to 10 dB SL in normals. Similarly, 
as shown in Figure 7D, E, the BSER in- 
itiated from the 2 and 1 kHz regions of 
the cochlea, respectively, demonstrate 
that wave V is traceable to 10 dB SL. 
However, for the 500 Hz region and be- 
low, wave V can be readily detected 
down to about 30 dB SL for the clicks 
(Fig. 7F). This 30 dB SL level is the 
same for the 8 kHz region, It is quite 
probable that responses from the 4, 2, 
and 1 kHz regions can be obtained for 
clicks at 5 dB SL and from the 8 kHz 
region and 500 Hz regions at 25 dB SL 
level, but these levels were not explored. 
Also, note that for a given frequency ` 
region wave V increases in latency with 
decreases in intensity. This finding is a 
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The key to Teledyne's leadership 
in impedance instrumentation 

is precision. Years of field 
experience by Teledyne users 
have helped to develop practical 


, and sophisticated instruments. 


The TA-2C is easy to operate 
and offers comprehensive 
testing capabilities to meet 
every requirement. 


FEATURES: 


e Direct compliance readout 
in cc 

* Ipsilateral: 4. frequencies, 
High Pass, Low Pass, Wide 
Band Noise 


e Contralateral: 5 frequencies, 
High Pass, Low Pass, Wide 
Band Noise 


* Unique automatic pressure 
sweep 


* Built-in plotter 


Write for complete specifications. 
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NOVAFED? Capsules 


pseudoephedrine hydrochloride 
Controlled-Release Decongestant 


DESCRIPTION: Each capsule contains 120 mg. 
of pseudoephedrine hydrochloride in specially 
formulated pellets designed to provide contin- 
uous therapeutic effect for 12 hours. About one 
half of the active ingredient is released soon 
after administration and the rest slowly over 
the remaining time period. 

ACTIONS: Pseudoephedrine is an orally effec- 
tive nasal decongestant with peripheral effects 
similar to epinephrine and central effects simi- 
lar to, but less intense than, amphetamines. It 
has the potential for excitatory side effects. At 
the recommended oral dosage, it has little or 
no pressor effect in normotensive adults. Pa- 
tients have not been reported to experience 
the rebound. congestion sometimes experi- 
enced with frequent, repeated use of topical 
decongestants. 

INDICATIONS: Relief of nasal congestion or 
eustachian tube congestion. May be given 
concomitantly with analgesics, antihistamines, 
expectorants and antibiotics. 


CONTRAINDICATIONS: Patients with severe 
hypertension, severe coronary artery disease, 
and patients on MAO inhibitor therapy. Also 
contraindicated in patients with hypersensitiv- 
ity or idiosyncrasy to sympathomimetic amines 
which may be manifested by insomnia, dizzi- 
ness, weakness, tremor or arrhythmias. 

Children under 12: Should not be used by 

children under 12 years. 

Nursing Mothers: Contraindicated because 

of the higher than usual risk for infants from 

sympathomimetic amines. 
WARNINGS: Use judiciously and sparingly in 
patients with hypertension, diabetes mellitus, 
ischemic heart disease, increased intraocular 
pressure, hyperthyroidism or prostatic hyper- 
trophy. See, however, Contraindications. Sym- 
pathomimetics may produce central nervous 
stimulation with convulsions or cardiovascular 
collapse with accompanying hypotension. 

Do not exceed recommended dosage. 

Use in Pregnancy: Safety in pregnancy has not 
been established. 
Use in Elderly: The elderly (60 years and older) 
are more likely to have adverse reactions to 
sympathomimetics. Overdosage of sympatho- 
mimetics in this age group may cause halluci- 
nations, convulsions, CNS depression, and 
death. Safe use of a short-acting sympatho- 
mimetic should be demonstrated in the indi- 
vidual elderly patient before considering the 
use of a sustained-action formulation. 


PRECAUTIONS: Patients with diabetes, hyper- 
tension, cardiovascular disease and hyper-re- 
activity to ephedrine. 


ADVERSE REACTIONS: Hyper-reactive indi- 
viduals may display ephedrine-like reactions 
such as tachycardia, palpitations, headache, 
dizziness or nausea. Sympathomimetics have 
been associated with certain untoward reac- 
tions including fear, anxiety, tenseness, rest- 
lessness, tremor, weakness, pallor, respiratory 
difficulty, dysuria, insomnia, hallucinations, 
convulsions, CNS depression, arrhythmias, and 
cardiovascular collapse with hypotension. 
DRUG INTERACTIONS: MAO inhibitors and 
beta adrenergic blockers increase the effects 
of pseudoephedrine. Sympathomimetics may 
reduce the antihypertensive effects of methyl- 
dopa, mecamylamine, reserpine and veratrum 
alkaloids. 

DOSAGE AND ADMINISTRATION: One cap- 
sule every 12 hours. Do not give to children 
under 12 years of age. 

CAUTION: Federal law prohibits dispensing 
without prescription. 

HOW SUPPLIED: Brown and orange colored 
hard gelatin capsules, monogrammed with the 
Dow diamond followed by the number 104. Bot- 
tle of 100 capsules (NDC 0183-0104-02). 
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12-hour relief. 
re and simple. 


And we've proved it. 


Clinical measurements and bio-availability data have 
demonstrated that Novafed Capsules provide sustained 
relief from nasal and eustachian tube congestion for 12 
full hours. 

Inside every Novafed Capsule you'll find only one 
active ingredient . . . pseudoephedrine hydrochloride. 

No other drug is needed to provide 12-hour 

decongestant effect. 

And there's the convenience of:one 
capsule every 12 hours—with:no . . 
drowsiness. Novafed may be given 
concomitantly with analgesics, 

antihistamines, expectorants, 

and antibiotics. 

For all day and all night 
relief, it's Novafed Capsules. 

Pure and Simple. 
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FACIAL NERVE 





* Powered by Standard, inexpensive, easily- 
replaceable battery. 


* Compact and lightweight. Fits easily into pocket or bac 


* Control box compartment holds indifferent electrodes, 
electrode paste and.battery. 

* Clinically proven. accuracy, ruggedness, and 
practicality. 
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Otol. 83:491-497, 1974 

5. Dasgupta, G. and B.M. Abrol: Evaluation of Electrogustometry as a 
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6. Granger, C.V.: Toward an earlier forecast of recovery in Bell's palsy 
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7. Krarup, B.: Electrogustometric examinations in Cerebellopontine 


ELECTROGUSTOMETER: Provides a quick quantitative Tumors and on Taste Pathways. Neurol. 9:53-61, 1959 


Peires, O.A. and D.W. Miles: Galvanic Stimulation of the Tongue as a 


8. 
taste threshold measurement to evaluate chorda-tympani Prognostic Index in Bell's Palsy. Brit. Med. J., 2:1162-1163, 1965 


nerve function? 45.8.89 
FACIAL NERVE STIMULATOR: Measure facial nerve 
excitability with quantitatively controlled current 
pulses?.6.7.10. Interchangeable autoclavable tip allows 
functional evaluation during surgery. 
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For additional information, call or write. 
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Xomeds total and partial ossicular replacement prostheses are preferred because they are made 
of Proplast.? Clinically proven* Proplast allows for rapid ingrowth of tissue and maintains 
stabilization of the prostheses. Xomeds ossicular replacements have these preferred features: 


Total Ossicular Replacement Prosthesis 


© Safest, best documented material used in 
any ossicular replacement prosthesis 

* Porous ends promote tissue ingrowth and 
stabilization 

e Flared medial end may be trimmed 
(slightly) to fit any anatomy 

e Shaft body is compressed, non-porous 
Proplast that prevents adhesions 

* Available in 5, 6, and 7mm lengths 


Proplast” is a registered trademark of Vitek, Inc. and 
is distributed by Xomed. 


' Summary of clinical data and extensive bibliography 
are available on request. 


For additional information, the name of your local 
Territorial Sales Manager and/or nearest dealer, 
call (800) 874-5797 (in Florida call (904) 737- 
7900 collect); TWX (810) 827-6439; or write 
Xomed Inc., 8641 Baypine Road, Jacksonville, 
Florida 32216. 


Partial Obssicular Replacement Prosthesis 


Large tympanic pad of Proplast allows |... 
tissue ingrowth and stabilization ue 
Hollow medial end of shaft fits easily.over » 
head of stapes for positive positioning 

Solid lateral end of shaft permits better 
sound conductance x 


Shaft made of medical grade silicone 
elastomer prevents adhesions 


Available in 6mm length: 
Can be trimmed to fit ahy anatomy 
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Research Triangle Park 
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When a cold strikes- 
238,857 miles from  * 
home,a decongestant 
cant afford to fail. _ 











Taken for relief of nasal congestion during five Apollo missions. 


ACTIFED* Tablets and Syrup 


INDICATIONS: Based on a review of this drug by the National 
Academy of Sciences — National Research Council and/or 
other information, FDA has classified the indications as fol- 
lows: 

"Probably" effective: For the symptomatic treatment of sea- 
sonal and perennial allergic rhinitis and vasomotor rhinitis. 

*"Lacking substantial evidence of effectiveness as a fixed 
combination": For the prophylaxis and treatment of the 
symptoms associated with the common cold. 

Final classification of the less than effective indications re- 
quires further investigation. 














CONTRAINDICATIONS: Contraindicated in newborn or 
premature infants; in nursing mothers; for the treatment of lower 
respiratory symptoms including asthma; in patients hypersensitive 
to: 1) triprolidine hydrochloride and other antihistamines of similar 
chemical structure; and/or 2) sympathomimetic amines including 
pseudoephedrine; in patients on monoamine oxidase inhibitor 
therapy (see Drug Interactions Section). 


WARNINGS: Use with considerable caution in patients with: 
increased intraocular pressure (narrow angle glaucoma), 
stenosing peptic ulcer, pyloroduodenal obstruction, symptomatic 
prostatic hypertrophy, bladder neck obstruction, hypertension, 
diabetes mellitus, ischemic heart disease, hyperthyroidism. 
Sympathomimetics may produce central nervous stimulation 
with convulsion or cardiovascular collapse with accompanying 
hypotension. 

Use in Children: As in adults, the combination of an antihistamine 
and sympathomimetic amine can elicit either mild stimulation or 
mild sedation in children. In the young child, mild stimulation is 
the response most frequently seen. In infants and children, 
especially, antihistamine in overdosage may cause hallucination, 
convulsion or death. Large doses of pseudoephedrine are known 
to cause asthenia, lightheadedness, nausea and/or vomiting. 
Use in Pregnancy: Experience with this drug is inadequate to 
determine whether there exists a potential for harm to the 
developing fetus. 

Use with CNS Depressants: Triprolidine has additive effects with 
alcohol and other CNS depressants (hypnotics, sedatives, 
tranquilizers, etc.) 

Use in Activities Requiring Mental Alertness: Patients should be 
warned about engaging in activities requiring mental alertness as 
driving a car or operating appliances, machinery, etc. 

Use in the Elderly (Approximately 60 years or older): Anti- 


histamines are more likely to cause dizziness, sedation and hypoten- 


sion in elderly patients. Overdosages of sympathomimetics in this 
age group may cause hallucinations, convulsions, CNS 
depression, and death. 


PRECAUTIONS: Use with caution in patients with: history of 
bronchial asthma, increased intraocular pressure, hyper- 
thyroidism, cardiovascular disease, hypertension. 


DRUG INTERACTIONS: MAO inhibitors prolong and intensify the 
anticholinergic (drying) effects of antihistamines and overall 
effects of sympathomimetics. Sympathomimetics may reduce the 
antihypertension effects of methyldopa, decamylamine, reserpine, 
and veratrum alkaloids. 


ADVERSE REACTIONS: The most frequent adverse reactions are 
underlined: 

1. General: Urticaria, drug rash, anaphylactic shock, photo- 
sensitivity, excessive perspiration, chills, dryness of mouth, nose 
and throat. 

2. Cardiovascular System: Hypotension, headache, palpitations, 
tachycardia, extrasystoles. 

3. Haematologic ystem: Hemolytic anemia, thrombocytopenia, 
agranulocytosis. 

4. Nervous System: Sedation, sleepiness, dizziness, disturbed 
coordination, fatigue, confusion, restlessness, excitation, 








nervousness, tremor, irritability, insomnia, euphotlà, paresthesias, 
blurred vision, diplopia, vertigo, tinnitus, acute labyrinthitis, 
hysteria, neuritis, convulsions, CNS depression, hallucination. 

5. G.I. System: Epigastric distress, anorexia, nausea, vomiting, 
diarrhea, constipation. Ar 

6. G.U. System: Urinary frequency, difficult urination, urinary ^c 
retention, early menses. s 
7. Respiratory System: Thickening_of bronchial secretions, 
tightness of chest and wheezing, nasal stuffiness. 
OVERDOSAGE: Overdosage reactions may vary from central 
nervous system. depression to stimulation. Stimulation is 
particularly likely in children. Atropine-like signs and symptoms: 
dry mouth; fixed, dilated pupils; flushing; and gastrointestinal 
symptoms may also occur. 


If vomiting has not occurred spontaneously the patient should be 
induced to vomit. Precautions against aspiration must be taken, 
especially in infants and children. If vomiting is unsuccessful 
gastric lavage is indicated within 3 hours after ingestion and even 
later if large amounts of milk or cream were given beforehand. 
Isotonic and 1/2 isotonic saline is the lavage solution of choice. 
Saline cathartics, as milk of magnesia, draw water by osmosis into 
the bowel and therefore, are valuable for their action in rapid 
dilution of bowel content. Stimulants should'not be used. 
Vasopressors may be used to treat hypotension. 

DOSAGE AND ADMINISTRATION: Dosage should be individ- 
ualized according to the needs and the response of the patient. 


Usual Dose: 





























Syrup 
Tablets teaspoonfuls (5 cc) 

Adults and children 

12 years and older 2 il, 
Children 6 to T 

12 years 1 

- 3-4 
Children 4 to times 

6 years 3/4 a 
Children 2 to day 

4 years 1/2 
Children 4 months 

to 2 years 1/4 

















HOW SUPPLIED: 

Actifed® Tablets — Bottles of 100 and 1000; unit dose pack of 100. 
Actifed® Syrup — Bottles of 1 pint and 1 gallon. 

Unit of Use: 

Tablets — Bottles of 30 and 100 with child-resistant cap. 

Syrup — 4 oz bottle with child-resistant cap. 

Reference: 1. Johnston RS, Dietlein LF, Berry CA (eds): 
Biomedical Results of Apollo. Washington, DC, National 
Aeronautics and Space Administration, 1975, p 63. 


ACTIFED 


Each scored tablet contains ACTIDIL* (triprolidine HCI) 2.5 mg, 
SUDAFED® (pseudoephedrine HCI) 60 mg. Each 5 cc teaspoonful 
of syrup contains ACTIDIL” 1.25 mg and SUDAFED® 30 mg. 


Tablets/Syrup 


You can count on it. 
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TREAT SUIS 


* A Choice of Nine Models, from the Bas 
Four-Drawer Wall Cabinet, to the Fu 
Integrated Treatment Center 


* Easy Access Control Center for Phy: 
cian Convenience 


* Stainless Steel ‘Surface for Durabil 
and Ease of Maintenance 


* Space Saving Desi 




















A STRIG GI 
OF REFRENGET 


=>. 
e Full Power: Positioning, With Left And Right 
Side Controls, For Simultaneous Operation 
of Lift, Tilt And Headrest 


e Left And Right.Side Auto: Return Controls, 
Restore Chair To Full Upright Position 


e Footrest Automatically Rel In The Full 
Upright Position, Enhanciñg Patient Con- 
‘venience And Safety se ege 





"e. Adjustable Armrests For Close- in Patient 
i dicessibiy 
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SPA-152 P.O. Box 1185, 960 W. 16th Street Newport Beach, Calif. 92663, (714) 646-4405 A StOTZ Company 


i Teldrin. 12-hour protection 
| from allergy symptoms. 


Teldfin's timed-release formula offers 
prompt, continuous relief for up to 12 hours: 
That Means that just two capsules daily can 
provide effective relief of allergic rhinitis 

„around the clock. T 

‘Teldrin gives your patients the.most 
widely prescribed antihistamine for allergy 
relief, chlorpheniramine maleate; and is 
now available without prescription in up to 
12-mg. doses. 





Recommend Teldrin Spansule Capsules 
for effective round-the-clock allergy relief. 
Ask your Smith Kline & French Representa- 
tive for samples. 


12-hour Teldrin 


(chlorpheniramine maleate) Spansule" Capsules, 
8 mg. and 12. mg 


It's long on allergy relief. 


& James Laboratories 1979 
Prolessional Products Division 
a Smithikline company 


New From Xomed 


MICRO-C 


Instruments for Microsurgery 








To meet the exacting demands of todays microsurgeon, Xomed presents . 
Micro-Craft™, a new line of high quality surgical instruments. Handcrafted 
in Europe, Xomed Micro-Craft'" Surgical Instruments feature: 


e Exacting balance between design and structural strength 
* Non-glare satin or black finishes to reduce visual strain 
e Wide variety of configurations and sizes 


* Micro-Craft™ Repair and Maintenance Program cT A 
designed specifically for microsurgery , V 
instruments Ò D 
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Micro-Craft™ Product Catalog available upon © QU 
request © 1979 Xomed Inc. Co 

For additional information, the name of your Q aU 

Territorial Sales Manager and/or nearest dealer, call o 

(800) 874-5797 (in Florida call (904) 737-7900 pet 


collect); TWX (810) 827-6439; or write Xomed 
Inc., 8641 Baypine Road, Jacksonville, Florida 
32216. « 


You know there is continual development in 
ENT and plastic surgery...some changes 
undreamed of just a few years ago. You’re 
part of it. And we’re part of it, bringing to you 
better instruments for today’s (and 
tomorrow's) surgical techniques. 


Many of the more recently developed 
instruments have been gathered together 
in Volume One of V. Mueller's Armarium 
for ENT and Plastic Surgery. 


Call our toll-free number today: 800/323-4382 
for your free copy. (In Illinois, call collect: 
312/774-6800.) Helping you toward 

tomorrow —today. 


v Mueller 


Division of American Hospital Supply Corporation 
General Offices: 
6600 West Touhy Avenue * Chicago, Illinois 60648 
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FIFTH DANIEL C. BAKER, JR. 
MEMORIAL LECTURE 


RESIDENT EDUCATION: PAST, PRESENT AND TO WHERE 


WALTER P. Work, MD "4 

T 

GREEN VALLEY, ARIZONA 

Um 
The specialties in medicine and surgery developed slowly during the later 19th century 
and the early decades of this century. The American boards were the focal points for sponsoring 
specialty societies through which these developments occurred. The resident review committees 
have also played an important role. Otolaryngology resident education has developed into a 
progressively structured educational experience so that presently otolaryngology resident educa- 
tion is a broad experience in head and neck oncology, plastic and reconstructive surgery, otology, 
laryngology, rhinology, allergy and immunology, bronchoesophagology, teaching and research. 
Resident éducation is not static. The year of 1978 can be noted as the year of change, for the 
Resident Review Committee in Otolaryngology recommended that.resident education be of five 
years in duration, one year being in surgery, three years in otolaryngology and one year being 
elective as to content. Such programming can be highly structured to meet a candidate's pres- 
ent and future needs in manpower, superspecialization and general otolaryngology. In this 
system superspecialization can and will be recognized and awarded through channels already 


established in otolaryngology. Manpower and general otolaryngology will also profit. 


In 1968, Dr. Dean M. Lierle' stated, 
“During the last three years, as Educa- 
tional Director of the Society of Uni- 
versity Otolaryngologists, I have visited 
about 90 residency training centers in 
the United States. Dr. Lawrence R. 
Boies, Dr. Daniel Baker and Dr. George 
Sisson have accompanied me on many of 
these visits . . ." 


Even though this quotation was de- 
livered 11 years ago, it points out one of 
Dr. Bakers early activities. Thus, be- 
cause of Dr. Baker’s sincere interest and 
the timeliness of this subject, it appeared 


. . . , 
that a discussion of resident education: 
might be of interest and at the same, 


time pay tribute to the man we honor. 


The data and discussion presented 
here represent my own thoughts, inter- 
pretations and conclusions, and do not 
in any way represent universities, spe- 
cialty societies, government agencies, 
corporations, or groups of "policy plan- 
ners” with whom I may have been or am 
now associated. 


PAST 


In 1924, five otolaryngologic societies? 
joined and pooled their resources in the 


common cause of quality patient care. 
In November of that year, a meetin 

was held in Chicago which was attende 

by two representatives from each of the 
following societies: Section of Laryn- 
gology, Rhinology and Otology of the 
American Medical Association, J. C. 
Beck and R. C. Lynch; American Acad- 
emy of Opthalmology and Otolaryn- 
gology, W. P. Wherry and T. E. Carmo- 
dy; American Otological Society, H. W. 
Loeb and T. H. Halsted; American 
Laryngological Association; H. P. Mosh- 
er and R. H. Skillern; and American 
Laryngological, Rhinological and Oto- 
logical Society, B. R. Shurly and F. R. 
Spencer. Dr. George Shambaugh, Sr., 
chaired this meeting. The framework 
of the American Board of Otolaryn- 
gology (ABO) was finalized. The Board 
received its certificate of incorporation 


from the state of Missouri, January 6, 


1925. 


During the next three decades the 
ABO was the focal point through which 
the five sponsoring societies shaped the 


: future development of this specialty. In 


addition to its primary duties of evalua- 
tion and certification of candidates who 


From the Section of Otolaryngology, Department of Surgery, University of Arizona Medical 


School, Tucson, Arizona. 


Presented at the meeting of the American Laryngological Association, Los Angeles, Cali- 
iv. 
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` applied. voluntarily, the ABO accredit- 
ed the existing and the newly formed 
residency’ education programs. The 
“American Medical Association and the 
American College of Surgeons became 
interested in accreditation so that in 
1952 the Resident Review Committee 
in Otolaryngology (Tripartite Commit- 
tee: American Medical Association, 
American College of Surgeons, ABO) 
became a reality. This commitee has 
served otolaryngology extremely well 
over the years. 
.In the 19th and early 20th centuries 
ophthalmology and otolaryngology were 
often practiced by the same individual. 
“Derick T. Vail, MD, who was Guest of 
“Honor for Opthalmology at the 74th 
“annual session of the American Acad- 
emy- of Ophthalmology and Otolaryn- 
gology in Chicago, October 12-16, 1969, 
gave a graphic description of the era 
and the vicissitudes of practice, and the 
difficulties in dual resident education. 
Historically it was not until the third, 
fourth and fifth decades that the two 
specialties programmed resident edu- 
cation separately. Since medical and 
surgical specialties were slowly chang- 
ing, it was quite natural that the devel- 
opment of resident education programs 
in the United States evolved slowly also. 
Otolaryngology was no exception. Indi- 
viduals were practicing otolaryngology 
in spite of the scarcity of resident educa- 
tion programs. These persons were 
largely trained by the preceptorship 
method here and in Europe. The newly 
formed Board recognized many by 
certifying them as specialists through 
the so-called *Formal Method" by issu- 
ing a certificate without examination 
and by "passing them on their record." 


Hospital based programs in resident 
education in otolaryngology occurred 
mostly in universities and were sporadic 
in their development. The internship 
year was looked upon with favor as a 
training experience for young candi- 
dates particularly if there were suffi- 
cient otolarvngologic patients and a 
trained staff. The specialty societies 
soon joined in support of structured resi- 
dent education which included basic 
science courses and research endeavors. 
The general internship developed and 
replaced the internship as a specialty 
year. 
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In the 1940s a candidate who desired 
training in otolaryngology had to be a 
graduate of an approved medical school 
and have served a general internship in 
an approved program. He was then re- 
quired to complete a basic science 
course and serve two years of resident 
education in otolaryngology. Even at 
this time the number of years an individ- 
ual practiced the specialty helped to 
qualify him/her for eligibility for certi- 
fication either with or without examina- 
tion. Credit was also allowed some for 
experience in the Medical Corps of the 
Armed Services provided the experience 
was in otolaryngology and of high qual- 
ity. Three years of training could still 
qualify some to be candidates for certi- 
fication in both ophthalmology and oto- 
laryngology. 

The 1950s were difficult years for oto- 
laryngology; the specialty was in a strug- 
gle for survival as a result of the use of 
antibiotics and chemotherapeutic agents 
and its character had changed. This set 
of circumstances had a deleterious ef- 
fect on the specialty as a whole and on 
the number of applicants for residency. 


A three-year requirement for resident 
education in otolaryngology was intro- 
duced in the early 1950s. Four years 
were required for ophthalmologic-oto- 
laryngologic training. In this latter in- 
stance, if the candidate had served the 
year of general internship and one year 
of internal medicine or one year of sur- 
gery or a second year of general intern- 
ship, only three years of ophthalmology 
and otolaryngology were required. All 
resident training years were followed by 
one year of practice before final special- 
ty certification could be pursued. 

These requirements held throughout 
the 1950s. The establishment of the 
previously described Resident Review 
Committee in Otolaryngology did much 
to validate and help guide the course of 
resident education in these and in sub- 
sequent years. 


PRESENT 


Present education requirements in 
otolarvngology date from 1959 forward. 
In 1960 resident education in otolaryn- 
gology required that a candidate be a 
graduate of an approved medical school 
and that one year of general internship 
be served; in addition, one year of gen- 


RESIDENT EDUCATION 


eral surgery as well as three years of 
otolaryngology was required. All years 
had to be served in approved programs 
either in the United States or Canada. 
Structured basic science and research 
programs were included along with the 
regular resident education. In 1969 the 
preceptorship method of training was 
discontinued. Two years of general sur- 
gical training were considered as a requi- 
site, but by 1973 this was completely 
abandoned because of lack of support 
by surgeons and otolaryngologists alike. 
Other important changes have been dis- 
continuation of the internship and the 
approval for resident education of osteo- 
pathic physicians who meet standards 
ues of doctors of medicine. 


The present resident education re- 
quirements have been in effect for 18 
years with the various modifications 
mentioned. Programs have been 
strengthened and broadened to include 
training in head and neck oncology, otol- 
ogy, allergy, rhinology, laryngology, 
plastic and reconstructive surgery and 
bronchoesophagology. 


Basic science and research programs 
have been markedly strengthened. U.S. 
Department of Health, Education and 
Welfare grants have benefited all medi- 
cal and surgical specialties by fiscal sup- 
port during these years, and otolaryn- 
gology has benefited appreciably. Di- 
rectors in otolaryngology have partici- 
pated in all these worthwhile efforts. 
The specialty societies have been vitally 
interested and have given their full sup- 
port. It is apparent that resident educa- 
tion programs cannot include all areas 
of teaching in a given specialty. To 
date, the medical and surgical special- 
ties have recognized this and have al- 
lowed for such differences through their 
accreditation processes by the resident 
review committees. In all specialties 
resident education is more comprehen- 
sive today than it has been in previous 
years. This is as it should be and leads 
us to the discussion of the future. 


TO WHERE 


The year of 1978 can be considered a 
year of change in otolaryngology for it 
was in March that the Resident Review 
Committee suggested that an extra year 
of training be added to resident educa- 
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tion. The impact of this extra year, sincé 

it is of extreme flexibility, can be far 
reaching to influence further specializa- , 
tion within our ranks. Superspecializa- 
tion, some say, leads to fragmentation 
and is self-defeating; others say that 
superspecialization leads to. better and 
higher quality of patient cáre. It is be- 
lieved that this extra year.of resident 
education will allow the trainee, pro- 
gram director and administrator to plan 
resident education according to.an in- 
dividual’s needs. Also, resident. educa- 
tion can be so structured during'the five 
years that it will allow otolaryngologists . 
to meet needs in patient care, teaching :: 
and research. This will tend. to do away 
with a fellowship pathway leading *ta» 
superspecialization as now structured « 
in obstetrics and gynecology, internal 
medicine, pediatrics, and other special- 
ties. Up to now the programs in the fel- 
lowship years are not accredited along. = 
conventional resident review committee... 
channels. This dichotomy will probabl 
soon be remedied through corrective ef- - 
forts of the primary specialty boards. A 
very distinct advantage will accrue for 
otolaryngology's plan since all years of 
resident education will have only one 
accrediting body, namely, the Resident 
Review Committee in Otolaryngology. 
This accrediting process for programs 
will lead to highly qualified specialists 
whose numbers can be monitored on an 
ongoing basis. Up to now superspeciali- 
zation has been unstructured. The recog- 
nition and award (certificate of compe- 
id will now follow established chan- 
nels. 








On the other hand, surgery and pedia- 
trics have cooperated to produce the 
pediatric surgeon through regular resi- 
dent programs which are accredited by 
the Resident Review in Surgery. The 
pediatric surgeon is then awarded a cer- 
tificate of designation by the American 
Board of Surgery. Such certificates are 
widely recognized throughout the Unit- 
ed States and the world. In a like man- 
ner, in the future, resident education in 
otolaryngology will meet its needs in 
head and neck oncology, allergy, 
otology, plastic and reconstructive sur- 
gery, rhinology, laryngology and bron- 
choesophagology under established ac- 
crediting and award mechanisms. We 
are in an environment where organized 
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` medicinë ‘must continue to accept high 
"quality patient care. Alford* and Schuk- 
necht? .have*recently written editorials 
which bear- on these problems, and it is 
suggested that they be read by every 
otolaryngologist who desires to preserve 
and enhance our diversified specialty. 
In the first year programs the numbers 
of superspecialists will become balanced 
as to public needs, teaching and re- 
search. General otolaryngologists will be 
trained to meet géneral otolaryngology 
needs also. If such are otolaryngology s 
goals and objectives, and I believe they 
are, thefi pursuit and accomplishment 
‘are paramount. 

I havevnot. dealt with details of resi- 
dent education’s future in otolaryn- 
gology Since there has been great indi- 
viduality of expression in each program. 
Directors are in an important position to 
preserve these features and at the same 
time. meet expectations of the resident 
„program, the institution and community. 
"Specifically, also, more attention must 
.be given to the development and educa- 
.. tion of future program directors them- 
_ Selves, accomplished through workshops, 
. conferences, lectures, demonstrations, 
*-classes and simulation techniques. As a 
former chairman responsible for resident 
education, I wished on many occasions 
that I had had more formal background 
in the fields of basic finance, ambassa- 
dorship, group and university organiza- 
tion, telecommunication, grants and do- 
nations, and administration in general. 


Resident education as a whole is be- 
ing studied from the standpoint of insti- 
tutional responsibility in many parts of 
the country. If this is realized there will 
be more administrative control of bud- 
get, physical space, research and teach- 
ing, and patient care placed upon the 
respective specialties. Already the medi- 
cal and surgical specialties are function- 
ing in a hierarchy represented chiefly 
by the American Board of Medical Spe- 
cialties. Otolaryngology's future then lies 
not only within its own ranks but within 
the province of the institutional ( medi- 
cal school and hospital) community, or- 
ganized medicine, and state and federal 
governments. Otolaryngology is well 
represented through its specialty socie- 
ties, councils, resident review commit- 
tees and American Board to voice its 
objectives and goals. A warning is 
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sounded to the effect that the promulga- 
tion of too many rules and regulations 
by possessive administration can and will 
destroy spontaneity, ambitions, creativ- 
ity, enthusiasm and motivation within 
the individual director and trainee. 
Mediocrity must be avoided. 


The costs of resident education in oto- 
laryngology will increase with the intro- 
duction of the required fifth year. Even 
though four years are now obligatory 
(one year surgery and three years oto- 
laryngology ), my own estimate is that 
slightly over 50% of the programs now 
in the United States have five or six 
years. Hence no fiscal changes would be 
noted in these programs. Administrators 
would be concerned with changing four- 
year to five-year programs. When the 
clear-cut benefits to the trainee, hos- 
pital, medical school and to other com- 
munity specialists are noted, the longer 
program in otolaryngology resident edu- 
cation would no doubt meet with ap- 
proval by all. This is predicted to hap- 
pen in spite of the fact that most hos- 
pital and universities are budget-con- 
scious to a high degree and curtail- 
ments rather than increased expendi- 
tures are mottos of respectability and 
practicality. The important question is 
whether increased revenues from super- 
vised medical and surgical resident pa- 
tient services would offset the cost of 
resident education. In active programs 
it is believed they would. 


It is emphasized again that an extra 
year of resident education in otolaryn- 
gology can be a tremendous stimulus to 
the future development of this specialty 
since flexibility will be the key for the 
resident in the planning and realization 
of his future needs. The flexibility 
allowed in a five-year program will tend 
to eliminate training redundant to the 
trainees’ future practice. In other words, 
programs of the future will be geared to 
earlier career selection, and will allow 
directors to develop those which will 
meet needs of all residents within a giv- 
en program. 


Many configurations of resident edu- 
cation will be possible for the potential 
primary, secondary and tertiary phy- 
sician specialist. For example, a year of 
allergy resident education in an estab- 
lished allergy program could appeal to 
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some candidates while others may opt 
for a research year, or an extra year of 
surgery, pediatrics, etc. In other instanc- 
es, the year could be served in otology, 
head and neck oncology, facial plastic 
and reconstructive surgery, laryngology, 
rhinology or bronchoesophagology. Resi- 
dent education programs of the future 
will be structured to conserve resources. 








the community are in a position to spe 
out and become leaders for our younger 
men and women in the future. 
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GUIDELINES FOR GRANTS d Ule 
TRUSTEES OF THE RESEARCH FUND OF THE 227 





AMERICAN OTOLOGICAL SOCIETY, INC. 


The members of the Board of Trustees of the Research Fund of the American Otological 
Society have determined guidelines for making grants from the Fund. The following is the 
formulation of policy. 

Grants will be given in the area of otosclerosis: its diagnosis and management, the pos- 
sible causes and underlying conditions, and an understanding of the disorder that may lead 
eventually to its prevention or cure. 


The present lack of understanding of the disorder and the absence of similar conditions in 
other animals makes research in this field difficult. A direct approach to the disease may or may 
not be feasible; therefore, a sound strategy would be to use other approaches, such as the in- 
vestigation of bone development, growth and repair under various conditions, and the study of 
other diseases that may be similar to otosclerosis. It is possible that investigations which may 
seem initially remote bon otosclerosis may provide information which will eventually lead to 
a substantive further understanding of the disease process which underlies otosclerosis. The 
applicant should describe correlations between proposed research with the clinical pathological 
entity of otosclerosis. 


The policy is to aid and encourage research in the immediate field of otosclerosis and also 
in adjoining fields if, in the opinion of the Board, there is a substantial promise that results ob- 
tained will be of assistance in the ways indicated, and may lead to the attainment of the ob- 
jective of the further understanding of otosclerosis. 


Applications for a research grant from the Research Fund of the American Otological So- 
ciety may be obtained from the Office of the Secretary-Treasurer of the Research Fund of the 
American Otological Society. Write to Robert J. Ruben, MD, Secretary-Treasurer, Department 
of Otolaryngology, Albert Einstein College of Medicine, 1300 Morris Park Avenue, Bronx, NY 
10461. Telephone: (212) 430-3036. 


All grant requests must be submitted by January 31, 1980. 
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EVALUATION OF COMPUTERIZED TOMOGRAPHY, 
CINELARYNGOSCOPY, AND LARYNGOGRAPHY IN DETERMINING THE 
EXTENT OF LARYNGEAL DISEASE 


PauL H. Warp, MD 


*WinLiAM HaNaArFEE, MD ANTHONY Mancuso, MD 


oe. 
7: ‘fort Ssarur, MD GeorcE Berci, MD 


* 


Los ANGELES, CALIFORNIA 


^A prospective study of over-100 cases comparing computerized tomography (CT) and 
correlating these- studies with photographic motion picture studies of the larynx, conventional 
tomograpliy and contrast laryngography has been performed. The authors give illustrative ex- 
amples of Cäšes in which the CT scan has been documented as providing equal and oftentimes 
greater information concerning not only tumors, but also cystic lesions and traumatic lesions. 
With the never technology, the reduced radiation (which is less than one half that of con- 
ventional tomography), and the decreased expense (now comparable to that of laryngography 
alone), eliminates the need for conventional laryngography and tomography examinations. The 
incorporation of motion picture documentation of the lesions allowing future comparative studies 
between the original lesion and the CT are recommended for a more accurate retrospective clas- 
sification ‘and assessment of therapeutic results. 


Computed:tomography (CT) of the 
extracranial head and neck structures has 
generated great interest, curiosity, and 
enthusiasm as a potentially valuable di- 
agnostic tool. Clearly, its value in the 
diagnosis of intracranial lesions has sur- 
passed all expectations and has been 
called the most important contribution 
to medical diagnostic techniques since 
the discovery of x-ray by Roentgen in 
1875. Because of the initial expense of 
the procedure, many third party medical 
insurance companies have withheld ap- 
proval of payment for its use for extra- 
cranial head and neck diagnostic evalu- 
ation. The limited attention given to the 
value of CT in the diagnosis of the ex- 
tent of laryngeal pathology resulted in a 
prospective study which began in 1975,5 
now includes over 100 cases, and has led 
to some conclusive evidence which is 
presented in this article. 


This study has been expanded to in- 
clude color motion picture photography. 
conventional tomography, and cine- and 
conventional laryngography. The lar- 
vngeal photography was obtained 
through the Berci-Ward telescope (Karl 


Storz Endoscopy, Los Angeles, CA). 
The value and importance of permanent 
still and motion picture photography has 
long been recognized and has been pre- 
viously described.** The ultimate posi- 
tion of importance that CT of the larynx 
should achieve has not been clearly de- 
fined in the literature. Clinicians, partic- 
ularly those concerned with determining 
the extent of malignant lesions of the 
larynx so that conservation surgery and 
reconstruction of the larynx can be per- 
formed, have often questioned which 
tests to order preoperatively; a number 
of them may be ordered in an effort to 
glean all possible information as to the 
extent of the lesion. Of equal importance 
is the availability of this type of infor- 
mation to the radiotherapist in planning 
his treatment portals.? It is believed that 
this study has helped to clarify and an- 
swer some of these perplexing problems. 


The markedly improved technology 
in each generation of new CT scanners 
has removed the majority of features 
which were previously considered nega- 
tive. The increase in usage has dimin- 
ished the unit test cost, improved tech- 
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Fig. 1. (Case 1) A) Indirect telescopic photograph taken from a 16 mm movie film 
of the larynx showing the large epiglottic carcinoma almost occluding the larynx and 
extending onto the aryepiglottic folds. B) Conventional contrast laryngogram shows the 
massive transglottic nature of the tumor with infiltration below the level of the cords 
into the preepiglottic space and into the cartilage (arrows) with posterior displacement 
of the valleculae. C) CT scan at the level of the hyoid bone shows the infiltration into 
the preepiglottic space. D) At the level of the false cords, the involvement of both sides 
and invasion of the thyroid cartilage on the right (arrow) is clearly delineated. 


nology has decreased the exposure to ra- 
dioactivity, and the lamination can now 
be conducted so that even small lesions 
can be clearly defined. The single most 
important feature of CT over all other 
radiographic techniques is the imagery 
of soft tissue. This quality helps define 
tumor margins and offers promise in 
providing new information about cystic, 
traumatic, and other laryngeal lesions. 


METHODS AND MATERIALS 


High-quality scans are obtained with rela- 
tive facility and comfort to the patient. The 
patient is placed in the supine position with 


the head hyperextended, mouth opened, and 
tongue slightly protruded. Because of the in- 
creased rapidity of acquiring each section, res- 
piration is suspended for several seconds. Even 
quiet respiration does not significantly degrade 
the image. Scans are made at 0.5 cm intervals 
beginning 1 cm below the cricoid cartilage 
and proceeding cephalad to 1 cm or more 
above the thyroid notch. The computed images 
are taped and can be recalled upon the image 
console where hard copies are obtained as de- 
sired. The early CT models required 20 sec- 
onds to obtain each section; this has been re- 
duced to two seconds per section and the new 
General Electric scanner permits six section 
scans per second. The techniques of conven- 
tional tomography and contrast laryngography 
were utilized for comparison. 


Fig. 2. (Case 2) 
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A ) Photograph of larynx showing lesion of the left vocal cord 


extending from the anterior commissure to the arytenoid. B) Lateral laryngogram shows 
involvement of the undersurface of the vocal fold (arrow) with the bulk of the left tu- 
mor mass abutting against and distorting the normal right cord. The normal saccule of 
the laryngeal ventricle is demonstrated (crossed arrow). C) CT scan at the level of the 
cricoid cartilage shows the normal structures well preserved without evidence of tumor. 
D) At a higher level just beneath the vocal folds, the CT shows the tumor extending 


subglottically (arrow) from the left cord. 


The following brief case reports exemplify 
the merits and superiority of CT for the eval- 
uation of laryngeal pathology. 


CASE REPORTS 
CASE l 


The patient was a healthy 69-year-old 
complaining only of increasing hoarse- 
ness and progressive shortness of breath 
of three months’ duration. Examination 
of the head and neck area was normal 
except for the larynx which demon- 
strated a large epiglottic mass, almost 
occluding the larynx and extending onto 
the aryepiglottic folds (Fig. 1A). Laryn- 


gograms are usually not performed in 
this type of case for fear of inducing re- 
spiratory obstruction. Because of the pa- 
tient’s good general condition, a laryn- 
gogram was performed and showed the 
large transglottic nature of the lesion 
with tumor destroying the thyroid carti- 
lage anteriorly and extending below the 
level of the true vocal cord (Fig. 1B). 
The CT scan at the level of the hyoid 
bone clearly demonstrated the infiltra- 
tion of the preepiglottic space by the 
tumor (Fig. 1C). Slightly higher, at the 
level of the false cords, the tumor mass 
involved the false cords, crossed the mid- 
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Fig. 3. (Case 3) A) Indirect telescopic photograph of the larynx showing a bulky 
epiglottic carcinoma of the epiglottis with a normal appearing anterior commissure. B) 


AP laryngograms show the normal filling of the ventric 


es (crossed arrows) and normal 


glottic structures. C) CT scan at the level of the false cords shows residual epiglottic 
tumor mass, but the area immediately above the anterior commissure (arrow) is free 
of tumor. D) At the level of the hyoid bone, the base of the tongue and valleculae are 


normal. 


line, and invaded the thyroid cartilage 


(Fig. 1D). 


Comment. In patients with large neg- 
lected lesions similar to this case, all di- 
agnostic procedures, including direct lar- 
yngoscopy and contrast laryngography, 
are of some risk. Many of these patients 
have a tracheostomy and then laryngo- 
scopy and biopsy in order to obtain a 
histological diagnosis. At times, a frozen 
section is performed, followed by an 
emergency laryngectomy. Even in mori- 
bund cases with pending airway obstruc- 
tion, a CT scan can be safely performed 
and valuable information obtained con- 


cerning the extent of the lesion (ie, sub- 
glottic and submucosal) as well as pos- 
sible evidence of enlarged nonpalpable 
lymph nodes. 


CASE 2 


The patient was a 57-year-old Cauca- 
sian male executive who caught a cold 
while visiting England a number of 
months previously. His chief complaint 
was intermittent fluctuating hoarseness 
of nine months’ duration. On examina- 
tion, the lesion of the left vocal cord ex- 
tended from the anterior commissure to 
the arytenoid (Fig. 2A). Lateral laryn- 
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(Case 4) A) Indirect telescopic photograph of the larynx showing a large 
hyperkeratotic lesion of the left arytenoid and posterior cordal area. B) Conventional 
tomography in the AP view shows marked swelling and increased thickness of the peri- 
glottic space with obliteration of the ventricle (arrows) on the pathological side. The 
normal ventricle is demonstrated on the right side (crossed arrow). C) CT scan at the 
level of the false cords (arrow) and D) at the level of the true cords shows with re- 
markable clarity the density changes in the paracordal area and around the arytenoid 


(arrow ). 


gogram demonstrated the distortion of 
the normal right cord by the mass in- 
volving the left cord extending subglot- 
tically and abutting against and distort- 
ing the normal cord (Fig. 2B). The CT 
scan at the level of the cricoid showed it 
to be free of tumor (Fig. 2C). At a 
slightly higher level just below the level 
of the cord, the CT scan showed the in- 
volvement of the left cord with some 
subglottic extension (Fig. 2D). 


Comment. While both the laryngo- 
gram and the CT scan demonstrated the 
extent of the lesion of the left vocal cord, 
the CT scan demonstrated more clearly 
the level of the subglottic extension and 


the absence of involvement of the lesion 
at the level of the cricoid. This informa- 
tion was extremely helpful to the sur- 
geon in the preoperative planning of a 
partial laryngectomy with imbrication 
reconstruction. 


CASE 3 


The patient was a 63-year-old male 
who complained of fullness in the throat 
of six months’ duration. Recently he had 
noted the onset of pain and sore throat. 
Examination of the larynx showed a 
large bulky lesion of the epiglottis. The 
cords were freely mobile. The anterior 
commissure could not be visualized by 


COMPARATIVE LARYNGOGRAPHY 


-459 





Fig. 5. A) Indirect te escopie photograph of the larynx of Case 5 showing fullness 


of the right aryepiglottic area, o 


literating view of the true cord, accompanied by bulging 


into the pyriform sinus. B) CT scan shows a large lesion filling out the aryepiglottic 
fold (arrows) extending into the pyriform sinus with a scan density indicating the lesion 
was fluid filled. C) Indirect telescopic photograph of Case 6 showing a large hematoma 
of the right aryepiglottic fold. D) CT scan at the level of the true cord shows the buck- 
ling fracture (arrow) of the thyroid cartilage. 


mirror examination, and it was only by 
indirect laryngoscopy with a telescope 
that it was possible to demonstrate free- 
dom of the anterior commissure area of 
tumor (Fig. 3A). Direct laryngoscopy 
and biopsy confirmed the diagnosis of 
epidermoid carcinoma. The anterior-pos- 
terior (AP) laryngogram demonstrated 
filling of the ventricles and a fairly bulky 
lesion of the epiglottis that was seen bet- 
ter on lateral view (Fig. 3B). Compu- 
terized tomography scan at a level just 
slightly above the cords showed residual 
epiglottic tumor mass but more impor- 
tant was the normal appearance of the 


area just above the anterior commissure 
(Fig. 3C). The CT scan at the level of 
the hyoid bone showed the preepiglottic 
space in valleculae to be clear of tumor 
metastasis (Fig. 3D). 


Comment. 'The information from the 
laryngogram and direct laryngoscopy as 
well as the CT scan were helpful in de- 
termining preoperatively that a supra- 
glottic laryngectomy would be feasible 
in this patient. Subsequently, this sur- 
gery was successfully conducted with 
maintenance of excellent voice and fill- 
ing him in with primary glottic closure. 


t 
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The information obtained from the CT 
scan was} of ‘equal if not even greater 
value for this patient in that it gave in- 
formation concerning. the soft tissue 
structures of.the paracordal and preepi- 
glottic spaces. These being clear and no 
nodes being seen in the other portions of 
the neck, a supraglottic laryngectomy 
alone appeared adequate. 


CASE 4 


The patient was a 40-year-old male 
who had complained of hoarseness of 
over two years’ duration. He had a total 
of six previous biopsy excisions of large 
hyperkeratotic lesions of the left vocal 
cord. Each stripping was accompanied 
by rapid recurrence. The previous histo- 
logic slides were reviewed, and con- 
firmed the impression that this was a 
granuloma, although because of the size 
of the lesion, the rapid recurrence and 
the appearance on indirect laryngoscopy 
and telescopic examination, suspicion of 
a carcinoma was entertained (Fig. 4A). 
Conventional tomography showed the 
marked increase in thickness of the peri- 
glottic area with obliteration of the ven- 
tricle on the pathological left side (Fig. 
4B). Contrast laryngogram | showed 
swelling of the false cord extending into 
the laryngeal vestibule and pushing up 
out into the piriform sinus. The apex of 
the piriform sinus was normal, however, 
as was the opposite piriform sinus. The 
CT scan at the level of the true cords 
(Fig. 4D), false cords (Fig. 4C), and 
even higher showed an increase in bulk 
and density in the paracordal area. Par- 
ticularly noticeable were the density 
changes around the arytenoid. 


Comment. In this particular case, the 
CT scan demonstrated one of the major 
attributes of computerized tomography: 
its ability to distinguish and ascertain 
the involvement of soft tissue changes in 
the paracordal:area. 


CASE 5 


The patient was a 40-year-old Negro 
female with a one-month history of pain 
in the throat and mild swelling in the 
neck with minimal hoarseness. Indirect 
laryngoscopy revealed a fullness in the 
larvnx involving the aryepiglottic fold 
and obliterating the view of the true 
cord accompanied by bulging out into 
the piriform sinus (Fig. 5A). The CT 
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scan showed a large cystic lesion filling 
the right aryepiglottic fold extending in- 
to the piriform sinus (Fig. 5B). The CT 
scan indicated the difference in the tis- 
sue density, the Delta factor, which in- 
dicated that the mass was cystic and 
filled with fluid. 


Comment. Because of marked limita- 
tion of movement of the vocal cord, the 
differential diagnosis was either laryn- 
gocele or malignancy. The CT scan in 
this situation was essentially pathono- 
monic of a laryngocele and the ap- 
proach to informing the patient was 
much easier in terms of helping to deter- 
mine the surgical approach. 


CASE 6 


The patient was a 34-year-old Cauca- 
sian male who came into the emergency 
room because of hoarseness after having 
been struck in the neck with a fist. In- 
direct laryngoscopy revealed a large he- 
matoma of the right aryepiglottic fold 
(Fig. 5C). There was limited motion of 
the right vocal cord and there was a shift 
of the larynx somewhat to the right with 
some evidence of paresis of the external 
branch of the superior laryngeal nerve 
that could be determined by the exam- 
ination of motion picture study of the 
larynx. The CT scan at the level of the 
true cord showed the buckling fracture 
of the thyroid cartilage (Fig. 5D). The 
arytenoids, however, were not dislodged 
and the large hematoma involved in the 
aryepiglottic fold on the right side in- 
volving the cord could be seen extending 
into the piriform sinus. 


Comment. Noninvasive methods of 
evaluating trauma to the larynx now are 
available. The risk in cases where there 
has been neck injury, lacerations of the 
pharynx with blood in the pharynx and 
where the airway is not compromised, 
can now provide information that allows 
us to follow the patient more safely 
without exploration, even though this pa- 
tient had a nondisplaced fracture of the 
larynx. The absence of lacerations and 
the presence of an adequate airway with 
determination of the extent of the hema- 
toma allowed the observation and even- 
tual restoration of the patient's voice to 
normal without operative intervention. 


DISCUSSION 
The development of CT and the nu- 
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merous recent improvements and tech- 
nological advancements in the proce- 
dure now make this a feasible diagnostic 
technique for studying numerous lesions 
involving the larynx including tumors, 
benign and malignant, cystic lesions and 
traumatic lesions of the larynx. The rap- 
id progress in medicine and the develop- 
ment of laryngography, cinelaryngog- 
raphy, and conventional tomography as 
well as CT, have markedly increased the 
cost, particularly if all of these tests are 
needed. After a careful study of over 
100 cases, the radiological colleagues 
and surgical author of this paper are 
convinced that valuable information can 
be obtained from each of the prediag- 
nostic studies of various lesions of the 
larynx. This study had led to the con- 
clusion that in cases of tumor, trauma, 
and cystic lesions of the larynx adequate 
evaluation needs to include only cine- 
matographic documentation of the lesion 
accompanied by CT of the larynx. It is 
the feeling of the group that convention- 
al tomography and contrast laryngogra- 
phy are now obsolete and no longer 
need to be ordered, providing good CT 
scanning is available. Many attributes of 
CT including increased comfort for the 
patient, noninvasiveness of the proce- 
dure with absence of need to inject any 
material that may cause a reaction or 
airway obstruction, and the much en- 
hanced detail of the newer CT machines, 
all contribute to the unequivocal success 
of this procedure. Most important of all 
is the ability to assess the volume of tis- 
sue masses and the density factors 
which assist in differential diagnosis. In 
addition to providing better assessment 
of the paracordal and pararytenoidal in- 
volvement, it also allows better assess- 
ment of the preepiglottic space. The 
newer technology has now reduced the 
period of performing the procedures to 
several minutes. The initial scan section 
required 20 seconds each. The current 
scanning techniques allow each section 
to be scanned within a two-second peri- 
od, eliminating respiration as a problem 
in increasing the definition of the lesion. 


461 


The newer General Electric scanner is 
capable of performing six scans per sec- 
ond, which will reduce tlie total time of 
examination to several minutes.: It is pri- 
marily because of this extensive prospec- 
tive study that third party payers have 
recognized the value of the procedure 
and are now paying for laryngeal CT 
scanning whenever there is a question 
of tumor involvement. It is hoped that 
their policy will be expanded to include 
approval for evaluation of éxtracranial 
areas other than the larynx where CT 
scanning may prove of value. The 
amount of radiation exposure with the 
new technology has been reduced to less 
than one half of the radiation expo- 
sure of the conventional tomography. 
Through more extensive use, the cost has 
been reduced to a level similar to that 
of conventional tomography, and thus 
acceptable to third party payers. 


Perhaps the greatest drawback of this 
procedure is the requirement that the 
clinician exert the effort to develop the 
capability of reading these new scans, 
as was previously required to develop 
ability in reading the conventional to- 
mography and laryngography. This is 
easily achieved by clinical consultation 
with the radiologist performing the to- 
mography, who always is interested in 
clinical correlation similar to those 
achieved in this study. It is further en- 
couraged that expansion of the use of 
the indirect telescope not only for ex- 
amination but for photographic docu- 
mentation be performed since the era of 
drawing pictures is nearing an end and 
photographic documentation, particular- 
ly in the form of motion pictures, allows 
evaluation and reassessment, as well as 
restaging, any time in the future that 
retrospective studies of therapeutic re- 
sults are desired. The authors are cur- 
rently involved, as are others, in exten- 
sive evaluation of photographic and to- 
mographic correlative studies in other 
areas of the head and neck that may be 
proved of value in the use of this new 
tool in our continued advancement in 
medicine. 
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x NINCDS NOTES? 


LONG-RANGE NATIONAL RESEARCH STRATEGY 
After more than a year of intensive study and consultation, the National Institute of Neuro- 


logical and Communicative Disorders and Stroke (NINCDS) has developed a comprehensive 
strategy that will guide its*tesearch initiatives during the next decade. 


The strategy builds on.à groundwork laid by seven panels of leading neuroscientists and 
clinicians (drawn mostly from nongovernmental institutions) who were invited by NINCDS to 
assess health problems and research needs in the following areas: developmental disorders; in- 
flammatory, demyelinating, and degenerative diseases; convulsive and neuromuscular disor- 
ders; stroke, trauma, regeneration, and neoplasms; pain; communicative disorders; and neuro- 
logical aspects of behavior. 


A final report on the planning project, National Research Strategy for Neurological and 
Communicative Disorders, will be available this summer together with supporting documents 
from the various panels and task forces. 


NEW DEPUTY NAMED 
Dr. Eldon L. Eagles, NINCDS Deputy Director for Communicative Sciences and Disor- 
ders, will retire at the end of July, ending a distinguished career in the Public Health Service. 


Dr. Murray Goldstein, who has been Deputy Director for Neurological Sciences and Disorders, 
will become overall Deputy Director of the Institute. 


Dr. Murray Goldstein began work at the National Institutes of Health in 1953. In 1960, 
he came to NINCDS as Chief of the Special Projects Branch. In 1961 he became the Institute's 
Director of Extramural Programs, and in 1976 he was appointed Director of the NINCDS 
Stroke and Trauma Program. 


NEW MANUAL ON MEDLINE USE 

Staff of the NINCDS Communicative Disorders Program (CDP) is winding up work on 
a manual that will help communicative disorders specialists make better use of the retrieval 
services of MEDLINE — the National Library of Medicine's Literature Analysis and Retrieval 
System On-Line. 

The new users’ manual is designed to tell would-be users of the system how to submit ap- 
propriate literature search requests to medical library staff or conduct computer searches on 
their own. 

Part one of the manual describes the revised MEDLINE vocabulary and explains how best 
to select, combine, and coordinate terms for an effective search. Part two describes the basic 
skills needed in computer terminal operation, procedures for gaining access to the system, and 
commands used to interact with it. The thesaurus contains search statements for retrieving 
literature on nearly 2,000 topics in the communicative disorders. 

The manual will be published later this year as a joint project of NINCDS and the Na- 
tional Library of Medicine. It will then be distributed free at workshops to be conducted by 
CDP staff at professional meetings. 


*' This column is prepared monthly by the Office of Scientific and Health Reports, National 
Institute of Neurological and Communicative Disorders and Stroke. For further information, 
write or call Carolyn. Holstein, NINCDS/OSHR, NIH Bldg. 31, Room 8A-16, Bethesda, MD 
20014. (301) 496-5751. 
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LEIOMYOSARCOMA OF THE CERVICAL TRACHEA 


REPORT OF A CASE WITH RECONSTRUCTION USING A LATISSIMUS 
DORSI ISLAND FLAP 


J. M. Freprickson, MD 


A. F. Jaux, MD 


D. P. Bryce, MD 


Toronto, ONTARIO, CANADA 


A case of leiomyosarcoma of the cervical tr 
tion, pathologic diagnosis and surgical managem 


achea is described, detailing clinical presenta- 
ent. The rarity of this tumor in this location 


accounted for difficulties in clinical diagnosis and pathologic classification. Surgical treatment 


involved resection of two thirds of the circumference of the infracricoid trachea, with 
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resection of the cricoid cartilage and thyroid gland. The defect was reconstructed using bilateral 
“butterfly” advancement flaps and a latissimus dorsi myocutaneous island flap. The technique 
and advantages of the latissimus dorsi flap are briefly described. 


Leiomyosarcoma is a mesenchymal 
malignancy which very rarely involves 
the trachea. A recent case which was 
treated by primary resection provided 
an opportunity to review the clinical 
and pathologic features of this tumor 
and to describe a novel way of perform- 
ing part of the tracheal reconstruction. 


CASE REPORT 


Mr. P. R., a 22-year-old university stu- 
dent, presented with a two-month his- 
tory of "asthma" which had grown pro- 
gressively worse in spite of medical 
therapy. An athlete, he initially noted 
minor difficulty on deep inspiration. Af- 
ter the first month this progressed to 
frank wheezing on exertion. Chest 
roentgenograms were normal He was 
referred for bronchoscopy. During an- 
esthetic induction, the patient's airway 
became acutely obstructed, necessitat- 
ing emergency tracheostomy. Follow- 
ing tracheostomy, endoscopic examina- 
tion of the trachea revealed a peduncu- 
lated mucoid, yellowish-pink tumor at- 
tached to the anterior and right lateral 
wall of the trachea, about 4 cm below 
the cricoid. The mass was removed 
piecemeal, and the pathologic diagnosis 
was inflammatory pseudotumor. Only 
one of ten pathologists disagreed, won- 
dering whether it might represent a low 
gxade sarcoma. 


Six months after initial removal, he 
developed an upper respiratory tract in- 
fection followed by persistent cough and 


wheezing, suggestive of a recurrence. 
He was then referred to us. Xerogram 
of the trachea revealed a large peduncu- 
lated mass arising from the anterior wall 
of the trachea (Fig. 1). He was read- 
mitted for bronchoscopy. During induc- 
tion the patiént’s airway again occlud- 
ed. The previous stoma was reopened, 
and, with the airway secure, numerous 
biopsies were taken. Sarcoma of uncer- 
tain morphology was diagnosed. Subse- 
quent search for distant metastases was 
negative. 

Four weeks. following this diagnostic 
procedure, definitive resection of the 
tumor was carried out. The 5 cm mass 
arose from a 2 cm stalk on the anterior 
and right lateral walls of the trachea. 
Approximately 8 cm of the anterior and 
right lateral trachea was resected in- 
cluding the tracheostomy site with par- 
tial removal of the cricoid anteriorly in 
continuity with the right thyroid lobe. 
Care was taken during surgery to identi- 
fy and preserve both recurrent laryngeal 
nerves. A thorough search of the neck 
revealed no spread, and representative 
paratracheal neck nodes were biopsy 
negative. Anterior chest flaps were ele- 
vated bilaterally and rotated medially. 
Their medial edges were sutured to the 
edges of the trachael defect to construct 
an open tracheal trough (Fig. 2). Post- 
operatively the vocal cords functioned 
normally. 


Six weeks following resection, the 
second stage of reconstruction was un- 
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Fig. 1. Lateral xerogram demonstrating 
a mass arising from a pedicle attached to 
the anterior wall of the trachea (arrow). 


dertaken. The open trough and adjacent 
margin of skin were circumcised, the 
skin margin undermined and folded over 
to close the tracheal trough. Previous 
use of the “butterfly” chest flap (Fig. 
2) precluded the use of other convenient 
chest flaps (eg, deltopectoral or pec- 
toralis major myocutaneous) to cover 
the resulting sizeable cervical skin de- 
fect. Cover was obtained using a right 
latissimus dorsi myocutaneous flap. The 
flap was pedicled on the thoracodorsal 
vessels, and brought up in an undelayed 
fashion under the skin of the anterior 





Fig. 2. 
vancement of 
These were sutured to the resected mar- 
gins of the trachea to form an open tra- 
cheal trough. 


Photograph demonstrates ad- 
"butterfly" chest flaps. 
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Fig. 3. Photograph of the right latissi- 
mus dorsi myocutaneous flap developed 
to close the obvious cervical skin defect. 
The thoracodorsal vessels (arrow) supply 
the muscle and overlying skin. The flap 
was transferred to the cervical defect by 
undermining the adjacent skin. The don- 
or site was closed primarily. 


chest wall to fill the midline skin defect 
( Fig. 3). The donor site was closed pri- 
marily. 

Postoperatively the flap maintained 
good color, and the patient's airway re- 
mained uncompromised. Some difficulty 
with extubation produced a coughing 
paroxysm and the patient developed 
subcutaneous emphysema under the 
flap with a subsequent small air leak at 
the flap margin which lasted six weeks. 
Despite this the flap remained viable. 


At present the patient has a good 
voice and an ample airway by radio- 
logic and bronchoscopic evaluation. He 
is an ambidextrous squash player and 
weight lifter, and muscular function of 
the right arm and shoulder girdle have 
not been impaired by partial resection 
of the latissimus dorsi (Fig. 4). 


DISCUSSION 
This case merits discussion clinically, 
pathologically and surgically. The clin- 
ical presentation of tracheal sarcomas 
differs from carcinomas in three ways. 
There are no predisposing historic fea- 
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Fig. 4. Appearance of patient's chest 
six months postoperatively. He has a nor- 
mal voice and an excellent airway. 


tures such as age or smoking. There are 
no areas of predilection within the 
trachea, and sarcomas may develop in a 
random distribution from the cricoid to 
the carina. Thirdly, since sarcomas tend 
to remain subepithelial, hemoptysis (an 
important sign of tracheal carcinomas) 
is not seen. 


Sarcomas of the trachea are rare, but 
the rarity of tracheal carcinomas in in- 
fants makes tracheal sarcomas the most 
common tumor in this age group.' 
Ninety percent of tracheal malignancies 
are squamous or adenoid cystic carci- 
noma.** In a representative 30-year sur- 
vey from the Mayo Clinic, Houston 
et al* found only 5 of 53 cancers (or 
11.4%) to be mesenchymal in origin. 
Most of tracheal sarcoma are descrip- 
tions of single cases.*? A survey of the 
English literature has disclosed only five 
previous reports of tracheal leiomyosar- 
coma,^** although it is likely that early 
reports included leiomyosarcomata that 
where histologically unrecognized.'? 


Histologic identification and grading 
of this tracheal tumor is important in 
planning treatment and predicting the 
results of therapy. Since reports of 
tracheal leiomyosarcoma are statistically 
insignificant in number, the histologic 
features of prognostic importance have 
been inferred from studies of leiomyo- 
sarcoma in other locations. Studies of 
leiomyosarcoma of lung? uterus," 
and superficial soft tissues? are 
relevant. Poor prognostic features 
are; large lesions, anaplasia, and 
numerous mitoses. In Stout and Hill's” 


series of superficial soft tissue tumors, 
leiomyosarcomas measuring greater 
than 5 cm in diameter had a poor prog- 
nosis, while tumors under 2.5 cm were 
curable. In tumors between 2.5 and 5 
cm, the prognosis was variable. Suit;!? in 
an overview of soft tissue sarcomas also 
considers tumors over 5 cm to be prog- 
nostically poor. Only. where a tumor 
over 5 cm demonstrates a very low his- 
topathological grade does he feel some- 
what optimistic about curative surgical 
resection. Although anaplasia and the 
presence of bizarre cells is generally felt 
to be indicative of a tumor's malignant 
potential, Wheelock and Warren,'* in a 
study of uterine leiomyosarcoma, caution 
against overestimating this index of ma- 
lignancy. des "3 


The number of mitotic figures per 
high power field is helpful when the dis- 
tinction between leiomyoma and leio- 
myosarcoma is unclear,? but the exact 
number of mitotic figures required to 
diagnose a highly malignant tumor ver- 
sus one of low malignant potention is a 
subject of debate.1::? 


In extrapolating the above pathologic 
evidence to the cervical trachea, certain 
concessions must be made to local anat- 
omy and physiology. Endotracheal 
tumors present earlier than tumors in 
lung or other soft tissues, and thus are of 
smaller size when treated. Another ad- 
vantageous factor is the segmental blood 
supply,^ and lymphatie supply of the 
trachea? which slow the systemic 
spread of tracheal tumors and facilitate 
local resection even when extension be- 
yond the actual tracheal wall has oc- 
curred. 


In the present case, the tumor was lo- 
calized to the trachea, and had a low 
mitotic index. Although it had a 5 cm 
diameter, it arose from a 2 cm pedicle. 
In the absence of obvious extension the 


prognostic features appear most favor- 
able. 


Surgical resection of tumors of the 
cervical trachea pose reconstructive 
problems. The surgeon must create a 
laterally rigid tube which is fully epithe- 
lium-lined, airtight, constructed of the 
patient's own tissues and a tube which 
heals promptly with minimal stenosis.!5 
Earlier efforts using synthetic material 
grafts" have given way to circumferen- 
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tial resection with end-to-end anasto- 
mosis.'? Mediastinal mobilization'* com- 
bined with laryngeal release,'? has per- 
mitted approximation of proximal and 
distal tracheal stumps over distances up 
to 10 cm. Laryngeal release alone pro- 
vides approximately 7 cm of bridging. 
Where the tracheal segment was excised 
completely, reconstruction using inter- 
posed skin flaps has been unsuccessful, 
since the rigidity of the interposed seg- 
ment is unpredictable.'* 

In the present case, complete trache- 
al resection: with laryngeal release and 
end-to-end anastomosis was considered. 
However, an 8 cm segment of trachea 
had to be resected in order to excise the 
+ tumors radically including the trache- 
- ^ ostomy site. This amount of tracheal loss 
“was considered too risky to bridge. 
Since the posterior and left lateral tra- 
cheal supporting walls could be spared 
without compromising resection, a two- 
stage "trough" technique was chosen for 
reconstruction. After bilateral "butterfly" 
flaps were advanced to the edges of the 
resected trachea, the problem of cervi- 
cal skin cover at the second stage arose 
(Fig. 2). The “butterfly” flaps compro- 
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mised the blood supply to both delto- 
pectoral flaps, and therefore rectangular 
horizontal advancement flaps would 
have been preferable in the first stage. 
Given this problem, the latissiumus dorsi 
myocutaneous flap offered a novel solu- 
tion to the surgeon's dilemma. 

The latissimus dorsi myocutaneous 
flap is an arterial island flap based on 
the thoracodorsal branch of the artery 
with its accompanying vein. The vascu- 
lar pedicle has a point of rotation high 
in the axilla, giving the flap considerable 
reach, and permitting its utilization over 
the sacrum, anterior chest wall, or 
neck.?^?! The flap has been used to cov- 
er the buccal and mandibular area.** 


The latissimus dorsi myocutaneous 
flap has advantages for the head and 
neck cancer surgeon; there is little donor 
site deformity and no functional loss;?^?' 
it brings fresh tissue to an area that may 
have been irradiated; and it can be 
transferred in one stage. For the surgeon 
not conversant with microvascular tech- 
niques, this flap offers many of the ad- 
vantages of a free flap without the prob- 
lems of microvascular anastomosis for 
revascularization. 
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ENDOSCOPIC TEFLON® KEEL FOR ANTERIOR GLOTTIC WEB 


Hersert H. Depo, MD 


SAN FRANCISCO, CALIFORNIA 


Anterior glottic webs are 
laryngofissure. Attempts have 


enerally repaired with a McNaught keel placed and removed by 
been made since 1922 to repair these webs endoscopically. An 


endoscopic technique using a Teflon keel which has been successful in properly selected cases 


is presented. 


An anterior glottic scar or web can be 
congenital or develop as a result of 
trauma. External injury can cause an- 
terior larynx fracture which tears the 
mucosa, or there can be surgical removal 
of mucosa from the anterior edges of 
both vocal cords. When the raw anterior 
vocal cord edges heal together, the re- 
sulting scar or web can cause voice ab- 
normalities (higher pitch or hoarseness ) 
if it extends more than 3 to 4 mm back 
along the cord edges. If it reaches back 
to the vocal processes of the arytenoids, 
it will cause a whisper voice and mod- 
erate to severe airway obstruction. In 
severe cases total glottic stenosis can oc- 
cur, stopping the voice and laryngeal 
breathing, and requiring a tracheotomy. 


Treatment has gone through several 
phases in the past. First, attempts were 
made to dilate or cut the web. This us- 
ually has not worked because it simply 
duplicates the mechanism of the original 
injury in which raw surfaces are created 
on the anterior free edges of both vocal 
cords and allowed to become adherent 
to each other. Recently, attempts have 
been made to use a new modality, the 
CO, laser, to divide webs in the hope 
they would not re-form because of the 
relatively rapid healing and minimum 
scarring after laser incision or ex- 
cision of mucosa. Perhaps this approach 
will occasionally work in very thin mu- 
cosal adhesions or webs involving most 
of the membranous cord. However, in 
my experience this approach has not 
provided reliable results, probably be- 
cause the webs are not thin through to 
the anterior commissure. 


Another type of treatment used was 


Haslingers endoscopically placed stent 
or plate of metal folded in half and held 
in place with a wire passing out through 
the thyrohyoid membrane and cricothy- 
roid membrane to buttons. This metal, 

late was supposed to hold the raw sür- < 
aces apart while they epithelialized-- - 
(Fig. 1); it was abandoned because it 
was not consistently successful. In retro- 
spect, it and other endoscopic keels?- 
may not have been successful because to 
get these stents to reach into the ante- 
rior commissure is difficult since the an- 
terior or leading edge is a straight line, 
while the epiglottis and anterior wall of 
the trachea make approximately a 120° 
to 125? angle. Thus the metal plate 
would not stay in the anterior commis- 
sure unless the upper corner of it was 
just at or above the anterior commissure. 
This is hard to maintain when the upper 
wire comes out through the thyrohyoid 
membrane and tends to cause granula- 
tions immediately at or above the an- 
terior commissure. 


Another approach designed to avoid 
the problems of the Haslinger keel was 
provided by McNaught.* His keel, made 
of metal with tabs alternating to the 
right and left side, was installed via 
laryngofissure after separating the web 
(Fig. 2). This meant that the metal 
plate extended not only through the an- 
terior commissure, but even anterior to 
that through the thyroid cartilage. Thus 
it was able to prevent the anterior edges 
of the vocal cords from again becoming 
attached to each other. The disadvan- 
tage was that it required an external in- 
cision with an open operation twice, 
once to divide the web and install the 
keel, and once to remove it. Also, it re- 
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Fig. l. Haslinger type of keel in place 
with a straight anterior edge. 


quired a tracheotomy and tended to 
cause granulation tissue polyps to form 
along the anterior thyrotomy line re- 
quiring a direct laryngoscopy and re- 
moval two or three months later. These 
were ordinarily not a problem because 
the cords were epithelialized almost to 
the anterior commissure on each side so 
that the polypoid granuloma was at- 
tached over a thin vertical pedicle, al- 
lowing easy removal. There has been a 
high success rate in our hands using the 
McNaught keel, although it ordinarily 
leaves a small, approximately 2 to 3 mm 
anterior web when healing is complete. 
I find it the most satisfactory technique 
for thick anterior glottic stenosis, ie, 
those extending more than 5 to 8 mm 
below the superior free edge of the vo- 
cal cord, particularly when the stenosis 
extends into the cricothyroid membrane 
and the cricoid area (Fig. 2). 


For total glottic stenosis, various tech- 
niques have been described using hard 
or soft, round stents, with or without 
skin grafts, left in place for a week or 
for months. In my experience, these 
have not proved reliable and effective. 
In these patients I prefer to use the mu- 
cosal advancement flap from the false 
cord and aryepiglottic fold to reestab- 
lish epithelialization in the posterior 





Fig. 2. A) McNaught keel in place for 
anterior false and/or true cord web. B) 
McNaught keel being used for vertically 
thick glottic and subglottic stenosis. Note 
posterior commissure mucosa must be in- 
tact for this technique to be used alone. 


larynx on one side,? combined with sub- 
mucosal resection of scar and, if neces- 
sary, a McNaught keel. The mucosal ad- 
vancement flap, by epithelializing one 
half of the posterior larynx, prevents the 
other side from adhesion to it, and the 
McNaught keel then is used to keep the 
anterior raw surfaces apart while they 
epithelialize at the supraglottic, glottic 
and cricoid levels, if necessary. 


Because of the disadvantages of the 
McNaught keel, I started nine years ago 
trying to correct the thinner anterior 
glottic webs or stenoses with an endo- 
scopic keel. I have now used an endo- 
scopically placed, triangular-shaped flat 
plate or keel fashioned from a sheet of 
the Teflon plastic,? commonly used in 
nasal surgery as an anterior septal stent, 
in six patients. The patients have been 
followed for six months to seven years 
and now five or six have only 1 to 3 mm 
webs with good to normal voices. 


TECHNIQUE 


Direct laryngoscopy is performed to evalu- 
ate the extent of the stenosis, both in an an- 
terior/posterior dimension and in a vertical 
or superior/inferior dimension. There should 
be intact mucosa in the posterior commissure, 


Fig. 3. Glottic stenosis divided. Teflon keel cut so its length equals distance between 
hyoid and cricoid, and width is same or less than distance from anterior commissure to 


vocal processes. 


*V, Mueller, Chicago, IL. 
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Fig. 4. Needle with 26 gauge stainless 
*puller" wire is inserted through crico- 
thyroid membrane and grasped with alli- 
gator clamp and pulled to proximal end 
of laryngoscope. 


and the web should be thin to use this keel. 
The Teflon keel has been successful with ste- 
noses extending from the anterior commissure 
to the anterior edge of the vocal process since 
this left intact mucosa in the posterior com- 
missure (Fig. 3). It has been used success- 
fully in a newborn baby and an elderly adult. 
'The length of the stenosis is determined via 
direct laryngoscopy, and the inferior extent is 
determined by passing a blunt 90? hook be- 
low the stenosis and palpating to determine 
how thick it is as it goes anteriorly. The self- 
retaining arm and the photography model of 
my laryngoscope'? are used so the micro- 
scope and a camera can be utilized. The pa- 
tient's permission has been obtained to permit 
placement of an endoscopic keel, and if it is 
not deemed feasible, authorization has also 
been obtained to proceed with a tracheotomy 
and a McNaught keel so that an extra anes- 
thetic can be avoided. If it is thin and there 
is a normal posterior commissure, the stenosis 
is divided with a laryngoscopy knife. If, when 
the web has been divided to the anterior com- 
missure it is confirmed that it does not go be- 
low the bottom edge of the true cord, then a 
keel is fashioned from the sheet of Teflon 
plastic used for nasal surgery. This is used in- 
stead of metal so that it will not cut into the 
thyroid cartilage during larynx elevation with 
swallowing while in place. The keel is de- 
signed so that the overall length extends ap- 
roximately from the midpoint of the hyoid 
bons to the superior edge of the cricoid carti- 
lage, or to the midpoint of the cricoid carti- 
lage. 

The three key dimensions are as follows 
(Fig. 3): 
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l. The length needs to be sufficient so that 
the distance between the two needle holes ap- 
proximately equals the distance. bétWveen the 
thyrohyoid and cricothyroid membranes. ^. 

2. The anterior edge of the keel should 
make an angle of 120° since the angle of the 
epiglottis with the anterior tracheal wall is 
between 120? and 125*. 2» 


3. The width should be such that: when 
the V of the leading edge of the keel is in:the 
anterior commissure, the back edge of the keel 
is approximately at the anterior end of the vo- 
cal processes. Íf the width is too great and 
the keel rests on the posterior commissure, it 
will cause scarring and webbing between the 
arytenoids pulling. them together postopera- 
tively and interfering with the airway. If the 
keel is so narrow that it does not separate the 
raw edges of the cords, there is a danger that 
scar tissue could bridge across between the 
cords behind it. 


A straight needle at the middle of a 60 cm 
length of 26 gauge stainless steel wire, the 
puller wire," is inserted through the crico- 
thyroid membrane, grasped with an alligator 
forceps through the laryngosco e, and the 
needle is pulled to the proximal end of the 
laryngoscope (Fig. 4). A Kelly clamp is 
placed on the two free ends of the wire adja- 
cent to the skin overlying the thyrohyoid mem- 
brane and the needle is broken off the loop 
end of the wire, Then the thyrohyoid mem- 
brane puller wire is inserted in the same fash- 
ion (Fig. 5). After the Teflon keel has been 
cut to the right size, a straight needle is used 
to pull separate pieces of 60 cm long 26 gauge 
stainless steel wire through a hole in each end 
to the midpoint of the wire, and the needle 
is then removed (Fig. 5). The ends of each 
of these two wires are bent back into short 
hooks to be fitted into the puller wires. The 
hook ends of the upper and lower fixation 
wires on the keel are then placed in the loops 
of the thyrohyoid and cricothyroid membrane 
puller wires respectively (Fig. 6). Then the 
puller wires are used to pull the Teflon keel 
fixation wires out through the thyrohyoid 
membrane and cricothyroid membrane while 
the surgeon guides the Teflon keel into posi- 
tion with an alligator forceps ( Fig. 6). The 
upper and lower Teflon keel fixation wires 
are then tied over buttons with 9.5 cm diam- 
eter Teflon washers under each button (Fig. 
7) to prevent skin erosion as the larynx is 
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Fig. 5. Thyrohyoid membrane puller wire is inserted. Needles are broken off both 
puller wires. Keel is prepared with two fixation No. 26 stainless steel wires. 


*The Narco Pilling Company, Fort Washington, PA, 
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Fig. 6. Teflon keel fixation wires are hooked in puller wire loops and pulled back 


through skin while keel is guided into place. 


elevated with each swallow. Number 1 or 2 
nylon fixation sutures can be used in place of 
the 26 gauge stainless steel wires if desired. 


The Teflon keel has been left in place three 
to four weeks in adults, but with thin webs it 
only needs to be left in place two weeks. In 
a newborn infant it was found that leaving 
the keel in place only one week was sufficient 
to provide time for epithelialization of both 
anterior vocal cords. 


Figure 8 shows some Teflon keel suggested 
dimensions. Figure 9 shows a 60£ congenital 
web in an adult female which had redevel- 
oped after lysis elsewhere. The web was di- 
vided and a Teflon keel installed for four 
weeks. Now, ten months later, she has a clear, 
normal phonatory voice, feminine pitch, and 
a 2-8 mm anterior web (Fig. 9B). 


RESULTS 


Five of six patients in whom the Tef- 
lon keel has been used have had a good 
result with marked decrease or elimina- 
tion of the anterior commissure web. In 
the first patient in which it was used, a 
newborn baby, two alternative fixation 
systems were used before reverting to 
the double button and wire system sim- 
ilar to that used by Haslinger and others 
in the past. First the keel was sutured to 
the side of the endotracheal tube. This 
was a mistake because each time the 
baby swallowed, the endotracheal tube 
was caused to knuckle at the base of the 
tongue since it could not slide through 
the vocal cords into the trachea as the 
larynx elevated. As a result, approxi- 
mately 12 hours after surgery, the endo- 
tracheal tube had weakened and started 


to kink at the base of the tongue and 
collect dried secretions at this point and 
had to be removed, along with the stent. 


The keel was then replaced and held 
in position with a wire to a single button 
over the cricothyroid membrane. It was 
left in place one week curing the web so 
that seven years later there is a sharp 
anterior commissure. However, the an- 
terior thrust on the keel to keep it in the 
anterior commissure was achieved by 
having the keel rest on the posterior 
commissure. This was a mistake because 
it caused a vertical scar in the posterior 
commissure which pulled the arytenoids 
together and necessitated leaving a 
tracheotomy tube in place until the age 
of six. Then at age six a laryngofissure 
was performed, the adhesion in the pos- 
terior commisure was divided, and the 
arytenoids were retracted laterally, gent- 
ly but easily, with a Kelly clamp. A mu- 
cosal advancement flap was created 
from the mucosa of the interarytenoid 
notch to epithelialize the raw surface 
and prevent re-formation of the posteri- 
or web. He subsequently did well; the 
tracheotomy tube has been removed, 
and he has an excellent airway and 
voice. The posterior web has been avoid- 
ed since the two-button and two-wire 
support system has been used to 
hold the Teflon keel into the anterior 
commissure so that it does not touch the 
posterior commissure. 


Another small child in whom the Tef- 
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Fig: 7. Keel fixation wires tied over buttons with Teflon washers to protect skin. 
eel in place as seen via laryngoscope. 
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Fig. 8. Estimates of sizes of keels for 
different ages. 


lon keel was used for two weeks to cure 
an anterior glottic stenosis later devel- 
oped a nearly total glottic stenosis from 
rapid growth of papillomas and granu- 
lation tissue at the glottic level. Thus, al- 
though the Teflon keel was technically 
successful, we were subsequently over- 
whelmed by rapidly growing papillomas 
and posterior granulations, so it is being 
counted as the one failure. 


DISCUSSION 
It used to be accepted that any an- 


v as 


terior commissure web caused hoarse- 
ness. In recent years we, have become 
aware that a 2 mm, and. somietinies even . 
a 3 mm web, can be presentin ân adult 
larynx without materially affecting the 
voice. Of course, it is best to prevent 
web formation, and this is best done by 
preserving mucosa on the anterior 3 mm 
of one or the other cord when mucosa, 
papillomas or other growths are being 
removed. Thus, membrane can be re-* 
moved if necessary from the top and 
under surface of one whole vocal cord 
and the posterior one half, or even up to 
two thirds of the other membranous 
vocal cord. This ís true not only of the 
true cords but of the false cords. 


Unfortunately, supraglottic and glot- 
tic webs can develop which cover 
enough of the anterior entrance to the 
larynx or the glottis respectively to in- 
terfere with airway and/or voice. The 
advantages of using a keel placed endo- 
scopically are that two open neck op- 
erations are avoided, and in adults, 
tracheotomies are often unnecessary. 
This results in less scar, less time spent 
in the hospital, less cost, and less forma- 
tion of granulation tissue in the anterior 
commissure, especially if the Teflon 
keel is left in place one to three weeks. 
Unlike a McNaught keel, it does not cut 
the cartilage and expose it to salivary 
contamination and chondritis. 


In infants and small children it is saf- 
est to use an endotrachael tube, if it is 





Fig. 9. Middle aged female with 60% anterior congenital web and granuloma which 
immediately redeveloped after simply cutting it. A) A No. 24 French endotracheal tube 
completely filled the glottic opening so it was removed to take the photograph. B) Tiny 
anterior web after lysis and endoscopic Teflon keel for four weeks, ten months before. 
Voice is virtually normal and a No. 24 French endotracheal tube could now be left in 


place while making the photograph. 
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tolerated, alongside the stent; or if ne- 
cessary, to perform a tracheotomy. How- 
ever, the adult larynx is large enough 
sq that a tracheotomy is ordinarily un- 
necessary. This is one of the advantages 
of*this keel over round stents? which 
obstruct the airway, don’t reach into the 
anterior commissure, and can cause ul- 
ceration and granulations.? 


Reasons for Details of Technique. 
Buttons are ased instead of tying the 
wire through a catheter left on the an- 
terior neck skin because a catheter can 
cut into, and even through, the skin in 
less than three weeks. It is desirable to 
twist the 26 gauge fixation wires over 
the buttons loosely enough so that the 
tip of a Kelly clamp can be inserted be- 
tween the Teflon washer and the skin. 
Every time the patient swallows, the 
larynx pulls upward against the buttons 
and washers so that the Teflon keel is 
continually being pulled into the an- 
terior commissure. In one instance it was 
not possible to find the airway passing 
a needle through the anterior neck skin, 
so a straight needle was bent slightly. 
threaded through the hooks on the end 
of the fixation wires, and passed through 
the laryngoscope and out through the 
cricothyroid membrane by grasping the 
needle with a specially designed needle 
holder. The upper wire was similarly 
passed out through the thyrohvoid mem- 
brane. However, in general I have 
found it easier to use the puller wires as 
described above. To minimize granu- 
loma formation it is important that the 
keel be left in the minimum length of 
time, rather than the one to six months 
often advocated in the past in the lit- 
erature. It is possible that this keel 
would work successfully with more ex- 
tensive stenoses, and we are now inves- 
tigating this. However, now it is a mini- 
mum condition that there be good intact 
mucosa in the posterior commissure if an 
endoscopic Teflon keel or a McNaught 
keel is to be used. 


On two occasions it has been hard to 
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find the keel in the midst of rapidly 
growing papillomas in the larynx in 
small children. However, after a few of 
the upper papillomas were removed, it 
was possible to find the keel. Certainly 
it is easier to see the white Teflon plas- 
tic through a laryngoscope than it is the 
edge of the grey tantalum McNaught 
keel. Before we started using the 2 - 2.5 
cm diameter Teflon washer between the 
buttons and the skin, buttons were 
found to be capable of cutting into the 
skin when the Teflon keel was left even 
four weeks. 


Subglottic stenosis will re-form if the 
scar extends below the bottom edge of 
the cord and the keel. However, these 
thick scars (in the vertical dimension) 
can even be difficult to cure with the 
McNaught keel. One patient who had 
had four previous McNaught keels, each 
left in for several months, restenosed af- 
ter we placed a McNaught keel for four 
weeks. If anterior commissure granula- 
tion tissue polyps form with a narrow 
pedicle base after the Teflon keel, 
which has not been a problem for us so 
far, they can be readily removed two 
months later via laryngoscope with cup 
forceps. If one is available, the CO, laser 
is an even better technique for remov- 
ing the granulation polyps. If stenosis 
were to re-form, it is still possible to do 
a McNaught keel. 


CONCLUSION 


The results with the endoscopic Tef- 
lon keel have been gratifying because it 
is easier on the patient, less expensive, 
requires less operating room time and 
hospital time, and the voice can be re- 
turned to a clear phonatory (“normal”) 
tvpe if the web was just an adhesion of 
the mucosal edges of the anterior mem- 
branous cords. This is because in these 
patients there is no significant scar and 
stiffening in the cord substance (the 
thyroarytenoid muscle) itself to inter- 
fere with vibration after the cords are 
freed from each other. 
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XII WORLD CONGRESS OF OTORHINOLARYNGOLOGY 


The XII World Congress of Otorhinolaryngology will be held June 21-27, 1981 in Buda- 
pest, Hungary under the auspices of the International Federation of Otorhinolaryngological 
Societies (IFOS). The main topics will be rhinology, oncology, pediatrics, otoneurology, im- 
munology, audiology, traumatology, pathology, pathophysiology and phoniatry. Second World 
Film Festival, free paper sessions, scientific exhibitions and postgraduate courses will be held. 

Further information will be available from the Congress Secretariat: 12th World Congress 
of ORL, c/o Professor L. Surjan, Budapest, Hungary P.O.B. 112 H—1389. 
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LARYNGEAL DYSFUNCTION FOLLOWING 
PROLONGED INTUBATION 


"ys , Rosert E. Wurrep, MD 


"x CINCINNATI, OHIO 


Prolonged endotracheal intubation in the adult is becoming more popular with the advent 
of “soft” tubes and cuffs. The many deleterious effects of such long-term intubation on the 
laryngotrachea have been extensively discussed in the literature. However, only sporatic atten- 
tion has been given to vocal cord paresis or paralysis. The University of Cincinnati Medical 
Center experience with postintubation patients has shown that cord mobility disturbances are 
relatively. common. Sixteen patients are presented who have had similar clinical findings and 
course following extubation. The clinical picture is that of a symmetrical vocal cord paresis or 
paralysis associated with arytenoid and posterior commissure edema and erythema. Vocal cord 
position: is most often median or paramedian. A spontaneous recovery over days to weeks is 
the usual ‘course. During the recovery phase cord movement most often remains symmetrical; 
however, full motion may occur in one cord before the other. In all patients abduction was 
most limited and slowest to return. In this series the most significant effect has been aspiration. 
Two. patients developed a posterior commissure stenosis. This entity is believed to be due to 
inflammation initiated by the tube and its movement against the posterior half of the endo- 
larynx. In particular, inflammatory involvement of the cricoarytenoid joints and interarytenoid 
region best explain the clinical course. When mucosal ulcerations and granulation tissue are 
superimposed on the immobilized cords interarytenoid scarring may lead to chronic stenosis. 


That long-term intubation in the 
adult may result in significant laryngeal 
injury has been well-defined in the oto- 
laryngology literature. These problems 
most commonly relate to granulomas or 
stenosis.^? Direct injuries from intro- 
duction of the tube has been reported 
as well? Additionally, several patients 
have been reported to have developed 
unilateral or bilateral vocal cord para- 
lysis following extubation.*? This para- 
lysis, whether permanent or transitory 
has been presumed to be due to the re- 
current nerve pressure injury by the in- 
flated cuff in the subglottic area.* 

Despite extensive evidence that laryn- 
geal injury may occur in the context of 
prolonged intubation, a frequent con- 
clusion is that significant injury is ex- 
tremely unusual. Further, many of the 
deleterious effects on the trachea have 
been dealt with by advances in cuff de- 
sign and care. These factors combine to 
encourage increasing lengths of intuba- 
tion time. Consistent with this view- 
point, the otolarvngologist now often 
serves as a consultant for tracheotomy 
or for those patients who have either 
persisting or delayed problems follow- 
ing extubation. 





The present report is from the Oto- 
laryngology Consultation Service at the 
University of Cincinnati Medical Cen- 
ter. The active and ongoing involve- 
ment in care, once referral has been 
made, has led to a new appreciation of 
the laryngeal functional derangements 
which not uncommonly follow early in 
the postextubation phase. A recurring 
clinical picture is presented which un- 
derscores the need for otolaryngologic 
contribution to these patients' care. 


METHODS AND MATERIALS 


From June 1977 through December 1978, 
there were 76 adult patients referred for eval- 
uation of regional problems related to intuba- 
tion. From this population 16 patients were 
selected using the following predetermined 
criteria: 

l. Vocal cord paralysis or paresis follow- 
ing extubation. 

2, Intubation time of five days or longer. 

3. Absence of known, preexisting laryngo- 
tracheal abnormalities. 

4. Minimum postextubation patient surviv- 
al of six months. 


Additional patients were excluded because 
of associated severe head and neck trauma; 
inhalation; or caustic ingestion. 


The patients in this series were studied in 
depth beginning with the point of referral. 


From the Department of Otolaryngology and Maxillofacial Surgery, University of Cincin- 
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TABLE 1. PRIMARY PROBLEM LEADING 
TO INTUBATION 
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TABLE 3. REASON FOR 





OTOLARYNGOLOGIC CONSULTATION 








No. , No. 
Problem Patients Reason ui Patients 
Cardiac failure 4 Request for tracheotomy — . 10 
Pulmonary failure 5 Aspiration x . 1 
Drug overdose 8 Airway compromise postextubatiogh = — 3 
Abdominal-pelvic trauma 2 Inability to “plug” tracheotomy 9 


Serial examinations by mirror and fiberoptic 
laryngoscopy were done at set intervals. In 
patients with tracheotomies, motion assessment 
was done both with the tube plugged and un- 
pugged, and during coughing, swallowing 
and phonatory effort. Radiographic evaluation 
was obtained when allowed by the general 
status of the patient. When feasible, patient 
questionnaries provided supplementary infor- 
mation. 


PATIENT POPULATION 


This series is comprised of ten males 
and six females with an age range of 24 
to 68 years. The median age is 54 years. 
The initial otolaryngology evaluation 
was begun while the patient was in ei- 
ther the medical or surgical intensive 
care unit (ICU). Table 1 outlines the 
primary problems which led to the ini- 
tial requirement for respiratory support. 


As in any ICU setting, the number of 
variables involved per patient was great. 
All patients were cared for by multiple 
physicians. For each patient there was a 
primary system failure, as well as asso- 
ciated medical and surgical complica- 
tions which led to the prolonged intu- 
bation. Each patient in this series had 
assisted ventilation and  nasogastric 
tubes as part of the care requirements 
for the majority of time that the endo- 
trachael tube was in place. All tubes 
were orotrachael and met accepted 
standards for construction, size, and 
care. Table 2 outlines the length of time 


TABLE 2. LENGTH OF INTUBATION 
TIME 








No. 
Days 


No. 
Patients 





8-9 

9-10 

10-11 

11-12 

12-16 

11.2 Median 
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that the endotrachael tube was continu- 
ously in place. The otolaryngology con- 
sultation was obtained initially by the 
primary service for the reasons outlined 
in Table 3. PRES o 


INITIAL LARYNGEAL FINDINGS . m 


There were ten patients referred for 
tracheotomy after prolonged. intubation 
had occurred. This surgery was*com- 
pleted in the operating room with the 
endotrachael tube being removed at 
that time. Direct examination of the 
larynx uniformly showed good cord mo- 
tion. In two patients there was incom- 
plete closure of the posterior glottic 
chink with a persisting deficit estimated 
to be 2 to 3 mm. 


Within 24 hours after tracheotomy, re- 
examination of the larynx revealed a re- 
curring picture of marked inflammatory 
edema of the arytenoids, associated with 
vocal cord paralysis. There was likewise, 
a marked inflammatory response in the 
posterior aryepiglottic folds and poster- 
ior false vocal cords. In each patient the 
findings were symmetrical. The true 
vocal cord position was in adduction in 
eight of these patients with two having 
essentially paramedian positions and 
open glottic chinks. 


Three patients had elective removal 
of the endotrachael tube in the ICU by 
the primary service. Initially they had 
good airways, but they became progres- 
sively obstructed within hours. Crash 
reintubation was done in each case, with 
the Department of Otolaryngology con- 
sulted for tracheotomy thereafter. The 
initial laryngeal findings in these pa- 
tients corresponded to those described 
in the preceding paragraph who had 
been extubated for several hours. In the 
elective-removal group, cord position 
was essentially midline with a persisting 
incomplete closure of the posterior glot- 
tis. 
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TABLE 4. LARYNGEAL RECOVERY TIME 
FOLLOWING EXTUBATION 














No. 
Time (wks) ! Patients 
: Ss - 
0-1 NV. 10 
1-2 3 
14 2 
136; 1 


A. laryngeal evaluation on the remain- 
ing three patients was delayed several 
days- aftersthe endotrachael tube had 
‘been removed. In all of these there was 

‘a significant but milder:degree of in- 

"flammatory arytenoid edema than the 

zs; patients evaluated earlier.in, their course. 
Nevertheless, cord paralysis of a sym- 
metrical nature was" noted ‘in all three. 
On initial evaluation in each instance, 
the true vocal cords were in an essen- 
tially paramedian position with only 
partial and incomplete adducting move- 
ments, 


LARYNGEAL RESOLUTION 


The initial symmetrical vocal cord pa- 
ralysis or paresis with arytenoid inflam- 
matory edema resolved in all patients. 
The time required for a spontaneous 
resolution was measured from the point 
of extubation and is given in Table 4. 
The pattern for resolution was similar in 
all patients. There was progression from 
paralysis to paresis to full recovery; 
however, the degree of movement var- 
ied on a day-to-day basis. The earliest 
movements to recovery in each instance 
were those of adduction, with a slower 
but progressive recovery toward full ab- 
duction, Complete adducting closure of 
the posterior glottis closely paralleled 
the recovery of full abduction. Fourteen 
of the 16 patients maintained symmetri- 
cal recovery of movement betweeen the 
two vocal cords. In two patients, one 
cord recovered completely several weeks 
prior to the opposite cord. 


The inflammatory soft tissue laryn- 
geal findings roughly subsided as mo- 
tion returned to normal. The aryepiglot- 
tic fold and false cord inflammatory 
changes subsided earliest. Resolution of 
arytenoid edema took longer, but was 
compete by the time full cord motion 
returned in all patients, 
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ADDITIONAL FINDINGS 


The regional symptoms elicited from 
the patients in this series were surpris- 
ingly few. Of course, during the early 
phases the patients were acutely and 
severely ill which would tend to over- 
ride any but the most severe discomfort. 
Throat pain was invariably present, and 
swallowing made the discomfort worse 
in each instance. Two patients initially 
complained of odynophagia; however, 
this symptom cleared early in the course 
of resolution. Six patients had initial 
tenderness to palpation of the thyroid 
cartilage which rapidly subsided. 


Three patients had endoscopy during 
the early postextubation phases. These 
studies confirmed the mirror and fiber- 
optic findings. All three had marked 
"stiffness" of direct arytenoid rotation. 


Fifteen of the 16 patients in this series 
had tracheotomy tubes in place during 
laryngeal resolution which makes docu- 
mentation of aspiration less meaningful. 
Each of these patients had serial methy- 
lene blue swallows which showed free 
aspiration of the dye into the trachea. 
Radiographic contrast study was done in 
two patients, and likewise demonstrated 
free aspiration. 


CLINICAL SIGNIFICANCE OF 
LARYNGEAL DYSFUNCTION 


Even though resolution of laryngeal 
immobility spontaneously occured in all 
patients, the clinical importance of this 
dysfunction should be stressed. For this 
series, two patients developed laryngeal 
sequellea. Both developed the clinical 
findings which were described following 
extubation, with spontaneous resolution 
to a point of normal adduction and near- 
ly complete return of abducting move- 
ments at 10 and 16 days. At that point, 
both patients were discharged to be fol- 
lowed by their primary physicians. At 
two and four months respectively they 
returned with a several-week history of 
progressive airway obstruction. Subse- 
quently, both patients progressed to a 
midline fixed vocal cord on the basis of 
posterior commissure stenosis which was 
confirmed and corrected surgically in 
each instance. It is believed that the 
early immobility allowed organization 
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of posterior commissure fibrosis which 
achieved clinical significance as the scar 
contracted during the healing phase. 


Fourteen of the 16 patients developed 
or experienced worsening of pneumon- 
itis within 48 hours of extubation. Clin- 
ically, this event was accompanied by 
acute hypoxia, fever and radiographic 
findings of new lower lobe infiltrates 
suggestive of aspiration. One patient 
was started on oral liquids by the pri- 
mary service and subsequently devel- 
oped a lung abscess. During this period, 
the laryngeal examinations on all pa- 
tients showed incomplete glottic closure. 
Despite other possible explanations for 
pneumonitis in these ICU patients, the 
laryngeal dysfunction is felt to play a 
significant contributing role. 


Three patients developed unexpected 
upper airway obstruction following extu- 
bation which required crash reintuba- 
tion and an emergency tracheotomy. In 
each of these instances the only point of 
airway obstruction was at the glottic lev- 
el. Three additional patients had delay in 
tracheotomy decannulation because of 
slow resolution of the cord paralysis. 
One patient showed no truly significant 
effects from the laryngeal findings 
which resolved rapidly. 


DISCUSSION 


A recurring clinical picture of laryn- 
geal dysfunction following prolonged in- 
tubation in the adult has been pre- 
sented. The incidence of occurrence is 
not known for this type of patient popu- 
lation, however it is felt not to be un- 
common. It is believed that these laryn- 
geal effects are brought about by the 
mechanical trauma of the tube as it 
rides within the posterior endolarynx. 
This traumatizing force is constant and 
ongoing, related to tube movement, re- 
flex, and laryngeal movements against 
the tube. When extubation occurs, a re- 
sturn of full arytenoid motion initiates 
what clinically appears to be a traumatic 
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cricoarytenoid arthritis as a fundamental 
element. Montgomery’s: studies of acute 
cricoarytenoid arthritis in other patient 
populations show refnarkable similari- 
ties to the events in these patients.^ Ad- 
ditional factors which may play a role 
include the mechanical effects of ede- 
ma, inflammatory involvement of intrin- 
sic laryngeal musculature ard. perhaps 
motor nerves as well. Resolution of this 
process occurs spontaneously following. . 


extubation, with the majority of patients =+ 


returning to normal laryngeal mobility ~~ 
rapidly. he gg 
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The clinical significance of even tran-'.. 


sient laryngeal dysfunction is evident to ees 


the otolaryngologist and reinforced from 


the examples given. Perhaps most im-: 


portantly, the loss of;laryngeal sphinc- 
teric functión allows àspiration with de- 
leterious pulmonary effects. It should be 
noted that in addition to vocal cord pa- 
ralysis with the usual finding of incom- 
plete posterior glottic closure, there is 
inflammatory edema of the aryepiglottic 
folds, false cords and arytenoids as well. 
All of these effects combine to cause 
transient loss in the three-tier laryngeal 
closure mechanism. The resultant aspira- 
tion that occurs may be catastrophic for 
an already acutely and chronically ill 
patient with minimal reserves. Morbidity 
and mortality may occur without recog- 
nition of the primary organ failure, 
which is the larynx. 


A reassessment of laryngeal tolerance 
to prolonged intubation is needed. Em- 
phasis on the early functional derange- 
ments which occur must supplement the 
well appreciated long-term sequelae. 
Prevention of the problems presented in 
this series remains the best approach. 
This can only be achieved by continued 
efforts to minimize the quantity of 
trauma with tube design and tube care. 
Further, the duration of unpreventable 
trauma delivered to the endolarynx must 
be reduced by earlier tracheotomy in 
these patients. 
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BENIGN TUMORS AND LESIONS OF THE LARYNX IN CHILDREN- 
SURGICAL EXCISION BY CO. LASER +, 


GroncE T. Stimpson, MD 
Trevor McGirt, MD 


GeraLp B. Heaty, MD 
M. Stuart Stronc, MD 


Boston, MASSACHUSETTS 


Benign lesions of the airway in infants and children may endanger the airway and com- 
promise laryngeal function. The CO; laser provides an elegant method of transoral surgical ex- 
cision without compromising laryngeal function or airway competence. It avoids the risks of 
such other treatment modalities as external surgical approaches, prolonged steroid therapy, and 
radiation. It is applicable to a wide variety of lesions without the necessity of tracheotémy, Hos-. 
pitalization is minimized. Ten cases are presented to show the wide applicability of this. fech- . 


nique. Gross pathology and pre- and postoperative findings are demonstr 
as is the safety and efficacy of the laser soft-tissue interaction. 


The cardinal principles of pediatric 
airway management include thorough 
assessment, accurate diagnosis, and ap- 
propriate selection of a therapeutic mo- 
dality. The appropriate treatment must 
incorporate the principles of safety and 
efficacy. A therapeutic method, though 
dramatically effective, may be unaccept- 
able if the hazards and complications 
are significant. 


Any new form of treatment must meet 
the challenge of these principles. The 
carbon dioxide laser, in animal studies'? 
and extensive clinical use,** has shown 
itself to be a unique surgical tool with 
clinical application in the management of 
benign and malignant lesions of the up- 
per aerodigestive tract. Over 130 cases 
of laryngeal airway lesions have been 
treated with the laser at Children's Hos- 
pital Medical Center, Boston. We have 
selected ten cases of benign neoplasms 
or acquired pathology to illustrate the 
value of the CO, laser in the surgical 
management of a variety of pediatric 
airway problems. These cases illustrate 
the ease, safety, efficacy and applicabil- 
ity of microendoscopy and microsurgery 
in pediatric patients of all ages includ- 
ing neonates. 


METHODS AND MATERIALS 


Patients with benign soft tissue lesions of 
the larynx which had been identified by en- 


ated and discussed; 
ay 


doscopy and biopsy were selected for treat- 
ment (Table 1). Ages ranged from six weeks 
to 12 years. Carbon dioxide laser surgery was 
performed with the American Optical A-100 
50 W surgical laser coupled to a Zeiss binoc- 
ular operating microscope. Laser energy used 
varied between 10 and 25 W as selected by 
the surgeon. 


All surgery was performed under general 
inhalation anesthesia delivered by small endo- 
tracheal tube wrapped with aluminum tape 
for protection, metal tracheotomy tube, or, if 
necessary for intralaryngeal or subglottic vis- 
ualization, Venturi injection ventilation through 
the laryngoscope. Muscle relaxants were used 
as necessary for Venturi ventilation and to pre- 
vent laryngeal movement during laser appli- 
cations, 


No visible postoperative edema has been 
noted from laser interaction with soft tissue 
alone.** However, to minimize postoperative 
laryngeal edema from laryngeal manipulation 
with probes, suction tips, endotracheal tubes 
and laryngoscope tips, all patients received 
dexamethasone 1 to 2 mg/kg to a maximum 
dose of 12 mg. 


A Jako-Pilling wide-bore laryngoscope with 
the Lewy holder supported on a Mayo stand, 
provided good visualization of the larynx. Op- 
erating room personnel wore glasses or plastic 
goggles to protect against laser beam reflec- 
tion. 


The patient's eyes were protected with sa- 
line moistened cotton sponges secured with 
adhesive tape. Precautions were taken to pre- 
vent movement of the patient and table while 
the laser was in use. As needed, saline mois- 
tened neurosurgical cottonoids were placed 
within the trachea to protect it from laser en- 
ergy. The cottonoids were frequently mois- 
tened to prevent ignition by laser energy. 
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TABLE 1. SOFT TISSUE LESIONS OF 
LARYNX SELECTED FOR TREATMENT 








No. Lesion 





1 Neurofibroma 

2 Lymphangioma 

3 . Hemangioma (subglottic) 

4 . Chondroma (subglottic) 

5 7 fibroma (subglottic, congen- 
ita 

6 Mucosal cyst (subglottic) 

1 Supraglottic lymphedema (congenital ) 
Subglottic stenosis and granuloma 
(traumatic dog bite) 

9 Postintubation glottic web and gran- 
ulomas 


10 Subglottic stenosis (congenital) with 
? hemangioma and granuloma 


RESULTS 


Cases are summarized in Table 2. Pa- 
tients tolerated the procedure well. 
There were no intraoperative anesthetic 
or surgical complications. No stents 
were used. In general, patients were 
discharged on the morning of the first 
postoperative day. No patient required 
postoperative intubation or tracheotomy. 
Four patients had preoperative trache- 
otomies for airway obstruction. Of these, 
one was decannulated within one week 
of surgery, another within two weeks. 
The other two patients retain plugged 
tracheotomy tubes as a precaution while 
undergoing further staged treatment, 
but vocalize satisfactorily. Discrete in- 
trinsic laryngeal lesions required only 
one or two laser excisions, while ex- 
trinsic or systemic conditions necessi- 
tated multiple procedures. 


DISCUSSION 


Lesions of the pediatric larynx pre- 
sent a therapeutic challenge. Not only 
may they produce life-threatening air- 
way obstruction, but also frequently 
produce voice and feeding disturb- 
ances. The size and delicacy of the in- 
fant larynx creates immediate and long- 
term problems for the surgeon. 


Surgical treatment of laryngeal lesions 
may require tracheotomy, multiple pro- 
cedures, and general anesthetics, with 
prolonged hospitalizations. Severe ac- 
quired subglottic stenoses and granulo- 
mas such as cases 8, 9, 10 (Figs. 1 and 
2), are especially troublesome in this re- 
gard. Stenosis tends to recur and does 
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not respond well to dilatation. External 
surgical approaches, tracheotomies and 
stenting techniques frequently have been 
necessary. Other conditions of the intrin- 
sic or extrinsic larynx such as neurofibro- 
mata, lymphangiomas, hemangiomas, 
and lymphedema (cases 1, 2, 3, 7) (Figs. 
3, 4, and 5), may persist or recur neces- 
sitating similar surgical approaches or 
prolonged tracheotomy and steroid 
therapy. Subglottic chondromas, fi- 
bromas, and cysts (cases 4, 5, 6) (Figs. 
6 and 7), do not tend to recur, but their 
location, also, has dictated open surgical 
management. 

Residual functional laryngeal prob- 
lems may follow surgery, trauma, in- 
flammatory reaction and laryngeal nerve 
injury. Wound infections and sepsis can 
occur. Hemorrhage can complicate oth- 
er surgical and respiratory problems. 
Cosmetic deformity varies. Psychosocial, 
communication and learning problems 
may accompany laryngeal dysfunction 
and prolonged tracheal intubation. 


While these are readily acceptable 
hazards in malignancy where ablative 
surgery may be life-saving, such risks 
are less tenable in the treatment of be- 
nign lesions. In pediatric patients, the 
safest and most efficacious treatment is 
sought by the responsible surgeon. 


Endoscopic laser surgery provides an 
attractive alternative surgical technique. 
Each of our ten selected cases had laryn- 
geal lesions of the type or degree 
which previously could have been man- 
aged effectively only by external surgi- 
cal approaches with all the attendant 
problems and risks, or would have re- 
quired prolonged tracheotomies or stent- 
ing. While four patients required pre- 
operative tracheotomy, two of these 
were soon decannulated and the other 
two patients have precautionary trache- 
otomies while undergoing staged treat- 
ment or observation. The laser excised 
each lesion effectively, whether cartilag- 
inous, fibrous, neoplastic, edematous, or 
angiodysplastic.  Satisfacory airways 
were established without residual func- 
tional disturbances. No prolonged ste- 
roids or radiation were necessary. Case 1 
(neurofibroma ) and case 2 (lymphangi- 
oma) will require more extensive sur- 
gery of their extrinsic laryngeal lesions, 
but the laser has been effective in main- 
taining an intrinsic airway. 





Fig. 1. (Case 9) Glottic web and gran- Fig. 2. (Case 9). Glottic web and gran-' 
ulomas, postintubation preoperative. uloma three weeks*postlaser excision. 





Fig. 3. (Case 1) Neurofibroma of right Fig. 4. (Case 3) Subglottic hemangio- 
larynx and neck preoperative. Note mass ma preoperative. 
over right true vocal cord. 





Fig. 5. (Case 3) Appearance of larynx Fig. 7. (Case 6) Anterior subglottic 
immediately after excision of subglottic cyst. 
hemangioma by CO; laser. 





Fig. 6. (Case 6) Xeroradiogram of an- 
terior subglottic cyst (arrow). 


2,5 joules of energy are applied with a 
beam power of 25 W for 0.1 second, 1 
cu mm of water (or soft tissue) at 37 C 
will be vaporized as steam at 100 C. 
Water has an extinction coefficient or 
length of 0.3 mm for a wavelength of 
10.6 4.2 This means that at the wave- 
length of the CO. laser, 90% of the heat 
energy delivered should be absorbed 
within 0.3 mm thickness from the deliv- 
ery site. The shorter the extinction coef- 
ficient the more sharply localized the 
area of tissue destruction, and the less 
the surrounding tissue is effected. Heat 
is conducted away to surrounding tis- 
sue, however, and if energy is continual- 
ly supplied to the same area, heat con- 
duction to the surrounding tissue in- 
creases with resultant tissue coagulation. 


Thermal processes induced by CO. 
laser irradiation produce tissue destruc- 
tion in two ways: the physiomechanical 
factor from the expansion effects of rap- 
id water vaporization; and the physio- 
chemical factor with thermal denatura- 
tion of tissue proteins.’ The first factor 
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Fig. 8. Temporal and spatial coherence 
of laser radiation. 
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Fig. 9. Spatial coherence allows laser 
beam to be optically focused for maxi- 
mum concentration of laser energy. 


is the primary one in tissue ablation. The 
second factor is present in surrounding 
tissue damage. 


In brief applications (less than one 
second), tissue destruction and damage 
decreases rapidly to zero within 1-2 mm 
of the wound edge (Figs. 10 and 11). 
This is because the thermal gradient in 
the tissue rapidly falls with distance 
(700 um from the wound edge the maxi- 
mum temperature rise is 9 C, and 2 mm 
from the edge the temperature rise is 
5 C, etc). No detectable histologic 
changes can be seen beyond 500 to 600 
um from the wound edge. By deliver- 
ing higher energy to the same tissue vol- 
ume in a shorter time period, a similar 
volume of tissue can be destroyed with 
less heat conduction to surrounding tis- 
sue. In this way, destruction of contigu- 
ous tissue can be limited to a layer five 
to ten cells thick.?*^ 


Instantaneous hemostasis is a fortui- 
tous result of the thin layer of coagula- 
tion necrosis around the vaporization 
cavity. The physiochemical factor of 
laser soft tissue interaction produces 
protein denaturation within a few cell 
layers. This effect seals small vessel wall 
defects and instantaneously coagulates 





Fig. 10. CO: laser beam vaporizing mu- 
cosal tissue. Ulcer diameter - 1 mm, 
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Fig. 11. 
of CO, laser ulcer in mucosa. (Repro- 
duced by permission of New York Acad- 
emy of Sciences.') 


Scanning electromicrograph 


blood. Bleeding vessels of 0.2 to 0.5 mm 
diameter can be immediately cauter- 
ized.^* Microsurgery with the laser pro- 
vides a bloodless field with excellent 
vision and enhances assessment of re- 
maining tissue for preservation of nor- 
mal anatomy (Fig. 3). This is especially 
helpful with capillary hemangiomas and 
recurrent papillomas. Cavernous heman- 
giomas however, ooze blood too rapidly 
from the large vascular spaces, and are 
not treated effectively with the laser. 


The limitation of coagulation necrosis 
to a thin layer of cells, in turn protects 
surrounding tissue. There is no edema as 
vascular permeability is not increased, 
and capillary flow and cell processes 
continue unaffected.? 


This is in sharp contrast to wounds 
produced by electrocautery’? and cryo- 
surgery.*? Electrocautery, whether direct 
current, alternating current or radio- 
frequency powered is associated with 
high voltage, deep penetration, an un- 
predictable level of penetration and a 
predilection for electrical flow along 
vessels and nerves. Bipolar cauterization 
does not completely solve these prob- 
lems. Cryosurgery has been noted by all 
who use it, including ourselves, to pro- 
duce lesions of unpredictable depth. 
This is not crucial within the oral cavity 
and many other anatomic sites, but with- 
in the delicate anatomy of the pediatric 
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Fig. 12. Canine larynx postlaser exci- 
sion of right false and true cord showing 


excellent healing. (Courtesy of Charles 
W. Vaughn, MD, Department of Otolar- 
yngology, Boston University School of 
Medicine. ) 


larynx, cryosurgery can produce unpre- 
dictable and unacceptable amounts of 
tissue and cartilage injury and necrosis 
with resultant scarring and dysfunction. 
The laser has shown itself superior to 
both techniques within the larynx. Lack 
of edema precludes the necessity of 
tracheotomy for airway preservation, in 
most instances. 


Laser wounds, in all tissue except 
skin, where healing may be retarded,” 
have been noted to heal rapidly.** Epi- 
thelial migration into the wound cavity 
is rapid, so that epithelialization is 





prompt and complete within three 
weeks." Scar contracture is mini- 
mal**: Excellent healing is probably 


a result of the minimal injury to sur- 
rounding tissues (Fig. 12). Preservation 
of normal tissue and structural anatomy, 
when combined with rapid complete 
healing, have rneant that many of our 
patients have normal appearing and 
functioning larynges and airways on 
follow-up examination. Frequently, it is 
difficult or impossible to find any resid- 
ual effect of previous surgery. Stenting 
is not usually necessary, as illustrated in 
the cases described. 


A major factor in the precision and 
safety of laser surgery in the larynx is 
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CLINICAL COURSE OF UNUSUAL MALIGNANT SARCOMAS OF 
HEAD AND NECK 


MICHAEL SETZEN, MD 
James M. Toomey, MD, DMD 
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The clinical manifestations of 29 recently encountered sarcomas of the head and neck 
were analyzed in an attempt to define more accurately the diagnostic characteristics and ther- 
apeutic responses of these unusual tumors. The host factors of age, sex distribution, race, hab- 
its and associated features differ sufficiently to distinguish the sarcoma from the carcinoma pop- 
ulation. In addition, the clinical course of sarcoma patients as monitored by mode of presenta- 
tion, site of involvement, tumor histology, diagnostic features and certain elements of manage- 


ment and outcome, further indicates that these tumors can be defined and managed as a dis- 
tinct group of lesions. A review of the recent literature supports the major conclusions of this 


study. 


Nonepithelial..malignancies of the 
head and'neck are distinctly unusual 
"and, in consequence, most clinicians 
have a somewhat unclear and incom- 
plete concept of the mode of presenta- 
tion and the biologic behavior of such 
lesions. As noted recently by Westbury, 
"Rare cancers tend to be misdiagnosed, 
badly treated and unreasonably feared. 
This is certainly true for the (soft tis- 
sue) sarcomas.” 


In an attempt to resolve some of the 
confusion we have reviewed our recent 
experience with a series of head and 
neck sarcomas. Emphasis has been 
placed upon an analysis of those clinical 
characteristics of such tumors which, 
while not pathognomonic, are of use in 
distinguishing sarcomas from the more 
common carcinomas of the region on the 
one hand, and from benign mesenchymal 
lesions on the other hand. Although it is 
recognized that such a study cannot pro- 
vide absolute guidelines for diagnosis 
and therapy, it is felt that helpful in- 
sights can be provided. 


METHODS AND MATERIALS 


The hospital records of 29 consecutive pa- 
tients admitted to the otolaryngology service 
with a diagnosis of sarcoma of the head and 
neck between January 1, 1973 and Decem- 
ber 3l, 1978 were reviewed. All relevant 
clinical data were analyzed and follow-up in- 
formation was obtained from the tumor reg- 
istry. The host factors examined were age, 
sex, race, habits, and associated features. The 


clinical course of each patient was studied 
with particular emphasis on the mode of pres- 
entation, site of involvement, pathology, ther- 
apy and the status of the patient one year fol- 
lowing definitive therapy. 


RESULTS 
HOST FACTORS 


Age. The age range was from six 
months to 83 years with a mean age of 
49 years (Table 1). 


Sex. The sex distribution was 18 males 


and 11 females or a male to female ratio 
of 1.6:1. 


Race. There were 26 Caucasian and 
three Negro patients. 


Habits. Fifteen patients (52%) were 
moderate to heavy smokers and six pa- 
tients (212) were moderate drinkers. 


Associated Features. One patient had 
received radiation therapy to the head 
and neck region as a child. The patient 
with a leiomyosarcoma was known to 
have had an antecedent leiomyoma in 
the same location. 


CLINICAL COURSE 


Mode of Presentation (Table 2). 
Eighteen of the 29 patients presented in- 
itially with a regional mass. Eight of the 
ten patients with laryngeal lesions first 
complained of hoarseness, but all ten ad- 
mitted to the presence of dysphonia on 
further questioning. One patient each 


From the Department of Otolaryngology, Washington University School of Medicine, St. 
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TABLE 1. GENERAL CHARACTERISTICS OF 29 PATIENTS WITH HEAD AND NECK 














SARCOMA 
Ratio 
of Well 
Sex Ratio to Poor- Patient 
No. of (M:F) Age ly Diff. Anatomical Status Post- 
Patients Range (yr) Histology Tumors Location Treatment treatment 

5 2:3/28-76 XanthoS. 4:1 Neck 3 WE 4 NED 3 

Trachea 2 Unresect. 1 Mets 1 
Death 1 

5 4:1/57-83 ChondroS. 5:0 Larynx 5 WES NED 5 

4 2:2/53-74 AngioS. 4:0 Scalp 2 WE 3 Rec. 2 
Cheek 1 Unresect. 1 Death 1 
Larynx 1 

4 4:0/43-67 LipoS. 3:1 Neck 3 WE 4 NED 3. Lost 
Larynx 1 to FU 1 

1 2:2/0.5-41 FibroS. 3:1 Neck 2 WE 4 NED 2 
Oral 1 + Rad.3 ¿Local rec. 2 
Larynx 1 Death 1 

9 1:1/13-61 RhabdomyoS. 0:2 Neck 1 WE2+ =#^ NED I 
Oral 1 Rad.'Chem,... Rec. 1 

Rxl ,; : 

2 1:1/11-22 OsteoS. 2:1 Mandible 2 WE 2 V NED 2 

1 M/27 LeiomyoS. 0:1 Neck WE * Rec. 

1 M/25 Synovial S. 1:0 Oral WE + NED 

Rad. 
1 F/67 Malignant 0:1 Neck WE + Rec. 
hemangio- Rad. 
pericytoma 


Diff. - Differentiated; S. - Sarcoma: WE - Wide excision; Unresect. - Unresectable; Rad. - 
Radiation: Chem. - Chemotherapy; NED - No evidence of disease; Mets - Metastasis; FU - 


Follow-up; Rec. - Recurrence. 
initially noted stridor and dyspnea, 


local pain, and hemoptysis. 


Site of Involvement (Table 3). Ten of 
the tumors occurred in the soft tissues of 
the neck, two in the scalp and one in the 
cheek. Visceral sites of involvement in- 
cluded the larynx in ten cases, the oral 
cavitv in three, the mandible in two 
and the paranasal sinuses in one. 


Histology (Table 4). The histological 
types of sarcoma encountered most com- 
monly were malignant fibrous histiocy- 
toma and its variants, and chondrosar- 
coma in five cases each. Angiosarcoma, 


TABLE 2. PRESENTING SIGNS AND 
SYMPTOMS IN 29 HEAD AND NECK 





liposarcoma and fibrosarcoma were seen 
in four cases apiece. Two cases of rhab- 
domyosarcoma and osteosarcoma were 
treated along with one case each of 
leiomvosarcoma, svnovial sarcoma and 
malignant hemangiopericytoma. Twen- 
tv-two of the tumors were well-differen- 
tiated (76%) while the remaining seven 
lesions were poorly differentiated. 


The ten larvngeal sarcomas (Table 5) 
consisted of five chondrosarcomas, two 
xanthosarcomas, one angiosarcoma, one 
liposarcoma, and one fibrosarcoma. One 


TABLE 3. SITE OF PRESENTATION OF 
29 HEAD AND NECK SARCOMAS 

















No. o 
SARCOMAS g Anatomical Sites aes 
. No. of Soft tissues 

Signs and Symptoms Patients Neck 10 
U > m Pu Scalp 2 
Regional mass 18 Cheek 1 
Hoarseness 8 Larynx, cervical trachea 10 
Stridor and dyspnea 1 Oral cavity 3 
Local pain 1 Mandible 9 
Hemoptysis 1 Paranasal sinuses 1 
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TABLE 4. HISTOLOGICAL TYPES OF 29 
HEAD AND NECK SARCOMAS 








No. of 


Histological Type Patients 





Malignant fibrous histiocytoma 
( Xanthosarcoma ) 

Chondrosarcoma 

Angiosarcoma 

Liposarcoma 

Fibrosarcoma 

Rhabdomyosarcoma 

Osteosarcoma 

Leiomyosarcoma 

Synovial sarcoma 

Malignant hemangiopericytoma 
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of the xanthosarcomas and the liposar- 
coma were poorly differentiated; the 
eight other lesions were well-differenti- 
ated. At the time of endoscopy five of 
the laryngeal tumors were described as 
smooth and mucosa-covered while two 
appeared to be fungating and ulcerated. 


Diagnosis. 'Three of 29 patients ion 
required more than one biopsy before a 
definitive diagnosis could be made. 
Originally one of the lesions was diag- 
nosed as benign. 


Special studies employed included 
xerograms of the neck and larynx (Fig. 
1), CT scans of these areas, tomography 
of the larynx, and laryngograms. 


The mean delay between the time of 
onset of symptoms and the confirmation 
of the diagnosis was 9.7 months. The 
longest delay was seen with chondro- 
sarcomas with a mean of 29.8 months. 
By contrast the shortest interval oc- 
curred with — fibrosarcomas (4.95 
months). 


Management and. Outcome. Twenty- 
seven or the 29 patients underwent wide 
surgical excision as their definitive ther- 
apy with ten of these patients receiving 


TABLE 5. HISTOLOGICAL TYPES OF 
LARYNGEAL SARCOMAS 











No. of 

Histology Patients 
Chondrosarcoma 5 
Xanthosarcoma 2 
Angiosarcoma 1 
Liposarcoma 1 
Fibrosarcoma 1 
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Fig. 1. Lateral xerogram of neck dem- 
onstrating intralesional calcification in a 
laryngeal chondrosarcoma. 


pre- or postoperative irradiation. One 
patient was found to be unresectable 
and was treated with radiation and 
chemotherapy while another patient re- 
ceived chemotherapy alone. 


Our conscious selection of a group of 
recent patients for clinical analysis ob- 
viously precludes anl meaningful assess- 
ment of end results. The short term inci- 
dence of local recurrences and metas- 
tases is presented in Table 6 in relation 
to the variables of site, tumor grade, his- 
tology and patient age. The data sug- 
gest that cervical location, poor differen- 


TABLE 6. FREQUENCY OF LOCAL 
RECURRENCE AND METASTASES 
WITHIN ONE YEAR OF TREATMENT 











Recurrence/ 
Variables Metastases 
Site 
Larynx 1/9 
Neck 6/12 
Oral cavity 1/3 
Paranasal sinuses 1/1 
Mandible 0/2 
'Tumor grade 
Well-differentiated 8/22 
Poorly differentiated 6/7 
Histology 
Chondrosarcoma 0/5 
Fibrosarcoma 2/4 
Xanthosarcoma 2/5 
Rhabdomyosarcoma 1/2 
Patient age 
<50 years 3/13 
>50 years 8/10 
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tiation or advanced patient age may be 
unfavorable factors. 


DISCUSSION 


Mesenchymal tumors of the head and 
neck comprise less than 10% of all malig- 
nancies in this region. When encoun- 
tered, they pose difficult diagnostic and 
therapeutic problems. Mesenchymal 
malignancies, ie, sarcomas, possess an en- 
tirely different clinical course and ther- 
apeutic outcome than the more common- 
ly encountered carcinomas. Rarely can 
one group of surgeons in one institution 
accumulate a sufficient spectrum of ex- 
perience within a short time span to feel 
comfortable in diagnosing and treating 
these lesions. This study of 29 patients 
with varying sarcomas of the head and 
neck within a recent five-year period has 
provided us with several observations 
of their clinical behavior. 


The presenting signs and symptoms of 
patients with sarcomas of the head and 
neck seem most dependent on their lo- 
cation. Since the vast majority occur in 
the soft tissues of the neck, the most 
common presenting complaint is of a 
neck mass. In our series, 13 of 29 pa- 
tients (457) had a neck mass as their 
chief complaint. 


Unfortunately, the presence of a mass 
in the neck does not lead a priori to the 
diagnosis of a mesenchymal neoplasm. 
The question as to whether certain fea- 
tures of these neck masses suggest the 
diagnosis of sarcoma has not been satis- 
factorily answered. Ketcham et al? sug- 
gested that rapidly enlarging, deeply sit- 
uated masses which disturb the normal 
face or neck contour should be suspect 
of sarcoma. Although pain is infrequent, 
rhabdomyosarcomas have been associat- 
ed with sufficient surrounding inflam- 
mation to be confused with infectious 
processes.’ Rapid enlargement with fix- 
ation of adjacent soft tissue and muscle 
dysfunction has been reportedly asso- 
ciated with these tumors. Size per se is 
rarely diagnostic, although lesions meas- 
uring less than 5 cm are the exception. 


Although location in a particular re- 
gion in the neck is not specific for mes- 
enchymal malignancies, the vast ma- 
jority of sarcomas presenting as neck 
masses have this as the sole evidence of 
their presence in this region. Since any 
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deeply infiltrating mass in the neck is 
considered malignant until proven 
otherwise, the diagnosis of sarcoma must 
be entertained, particularly in those cas- 
es without evidence of an upper aerodi- 
gestive tract primary lesion. 


There is roughly an equal distribution 
of head and neck sarcomas between men 
and women, and although they tend to 
occur in a younger age group than car- 
cinomas, neither of these features is of 
significant help in making a diagnosis.’ 


In our series, sarcomas occurring in 
the larynx were next in frequency to 
those in the cervical soft tissues. Most 
were chondrosarcomas. According to 
Friedmann, ? of the approximately 150 
laryngeal sarcomas reported, more than 
50% were fibrosarcomas followed in fre- 
quency by chondrosarcomas, rhabdo- 
myosarcomas, lymphosarcomas, and 
more rare forms including osteosarcomas 
and liposarcomas. Most commonly, 
hoarseness is the presenting symptom, 
although occasionally dyspnea and he- 
moptysis occur. In our series, hoarseness 
was noted in eight of ten patients (80%), 
dyspnea in one (10%), and hemoptysis 
in one (10%). 


Although laryngeal sarcomas occur 
only once to every 100 cases of carci- 
noma, selected features should make 
one suspect of the diagnosis. Laryngeal 
sarcomas are found within the vocal 
cord, ventricular and aryepiglottic folds 
and the cricoid cartilage. Laryngo- 
scopically, their appearance is quite dif- 
ferent from corresponding epidermoid 
cancers; usually a pink, fleshy, sessile or 
polypoid mass will be seen submucosal- 
lv, partially occluding or prolapsing into 
the laryngeal lumen. While ulceration 
occurs, it is seen much less frequently 
than in carcinomas. Certain sarcomas, 
particularly chondrosarcomas, are palpa- 
ble as midline or paramedian masses in- 
timately associated with the larynx. This 
feature of apparent extralaryngeal ex- 
tension only occurs with extremely large 
squamous cancers which have infiltrated 
the thyroid cartilage or thyrohyoid mem- 
brane. 


Ketcham et al? suggested that since 
the endoscopic appearance of sarcomas 
of the larynx is somewhat characteristic, 
biopsy can and should be deferred by 
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the referring physician. This will provide 
the treating physician an opportunity to 
visualize the tumor prior to biopsy, and 
will not falsely alter the necessary radio- 
graphic studies. While laryngograms 
are rarely diagnostic, xeroradiograms 
and CAT scans of the larynx may reveal 
the typical calcified, stippled appear- 
ance of chondrosarcomas and osteosar- 
comas (Fig. 1). 


Epidemiologically, sarcomas of the 
larynx are more common in males but 
the preponderance is less impressive 
than with squamous carcinoma.’ In our 
series, eight of ten patients were males: 
four of the five chondrosarcomas oc. 
curred in males. The age range of pa- 
tients is most frequently 40 to 60, how- 
ever, Rigby and Hollinger,’ Glick* and 
others have reported fibrosarcomas and 
rhabdomyosarcomas in infants. The age 
range in our series was from six months 
to 83 years. 


The frequency of sarcomas occurring 
in sites other than the soft tissues of the 
neck and larynx in our series was limited 
(6/29). This does not reflect the general 
pattern reported in the literature. Dito 
and Batsakis? reported the nose, naso- 
pharynx and paranasal sinuses as second 
in frequency only to the orbit in 170 
thabdomyosarcomas. Of the approxi- 
mately 100 chondrosarcomas of the head 
and neck reported, 27 occurred in these 
same sites. Bankaci et al? recently re- 
viewed 14 cases of angiosarcoma of the 
nose, nasopharynx and paranasal sinuses 
and estimated them to be about one 
eighth as common as those occurring in 
the skin and soft tissue. Fu and Perzin'? 
estimated that malignant nonepithelial 
tumors comprise only 10% of malignan- 
cies in this region. 

Clinically, sarcomas involving the nose, 
nasopharynx and paranasal sinuses pre- 
sent with nasal obstruction, epistaxis, 
signs of ostia obstruction (acute or sub- 
acute sinusitis) and otitis media, secon- 
dary to eustacian tube obstruction. Vis- 
ualization and palpation is limited by 
the bony confines. Ancillary evaluative 
studies, notably tomograms, CAT scans 
and arteriograms will make recognition 
and therapy more simple. 


Intraoral sarcomas, not unlike those 
occurring in the larynx, may have a char- 
acteristic gross appearance. A smooth- 
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surfaced, coarsely lobulated submucosal 
mass should lead the clinician to be sus- 
picious of the diagnosis even before the 
biopsy diagnosis is obtained. 


Sarcomas of the mandible, particular- 
ly osteosarcomas, are frequently diag- 
nosed by their characteristic x-ray ap- 
pearance. 


Caron et al' suggested that alkaline 
phosphatase, calcium and phosphorus 
determinations might aid in differentiat- 
ing osteosarcoma from other mandibular 
lesions. 


Unlike the highly significant correla- 
tion between tobacco and alcohol 
abuse and carcinoma of the head and 
neck, sarcomas have not been associated 
with chronic mucosal irritation. Rather, 
a history of antecedent radiation and 
trauma has been correlated with the 
development of sarcoma. DeLathouwer 
and Brocheriou'? reviewed the literature 
and found 43 patients with head and 
neck sarcomas who had previously re- 
ceived 3000 to 6000 rads. They estimated 
that 10% of all mandibular sarcomas 
arose in previously irradiated bone. In- 
terestingly, of these, 46% were irradiat- 
ed for fibrous dysplasia, also implicated 
etiologically in the development of sar- 
comas, Similarly, Skolnick et al"? re- 
ported an interesting case of osteosar- 
coma of the skull following irradiation. 
Mindell et al'* claimed that osteosar- 
coma and fibrosarcoma were the most 
common sarcomas to occur following 
radiation therapy. 


Meyerding!? stated that 11% of soft 
tissue fibrosarcomas were associated 
with previous injury and scar. Others 
have not substantiated this, particularly 
in the head and neck. Lynch et ali^ sug- 
gested that sarcomas appear to be asso- 
ciated with a variety of distinct geno- 
typical hereditary cancer syndromes in- 
cluding the multiple nevoid basal cell 
carcinoma syndrome, von Recklinghau- 
sens neurofibromatosis, tuberous scle- 
rosis, Werner’s syndrome and the poly- 
posis syndromes of Turcot and Gardner. 
Hasson et al? have implicated Thoro- 
trast® in the etiology of extraskeletal 
osteosarcomas in the head and neck. In 
our series, none of the above etiologic 
associations were noted. 


Biopsy ultimately provides the defini- 
tive diagnosis of sarcomas of the head 
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and neck. Unfortunately, establishing the 
histopathologic diagnosis of a specific 
sarcoma may be confounded by striking- 
ly similar histologic features shared with 
other mesenchymal tumors. Moreover, 
incorrectly diagnosing certain well-dif- 
ferentiated sarcomas as their benign 
counterparts may occur in up to 40% of 
cases initially; the correct diagnosis only 
becoming apparent following disease 
recurrence. 


Sarcomas arise from relatively undif- 
ferentiated mesenchymal cells. Histo- 
logically, they recapitulate in a neoplas- 
tic fashion their own cellular embryo- 
genesis. Although established histopath- 
ologic guidelines for differentiating the 
various benign and malignant mesen- 
chymal tumors have been set up by ex- 
perienced pathologists, sufficient con- 
fusion still exists to require multiple bi- 
opsies in many cases. In our series, 13% 
of the tumors required more than one 
biopsy to establish a diagnosis, and in 
two patients the tumor was initially mis- 
diagnosed as its benign counterpart. 
Conley et al'? noted an 85% accuracy of 
the original diagnosis in his series of 84 
fibrosarcomas. In contrast, Moore and 
Grossi?’ reported that the correct diag- 
nosis was made initially in only 4 of 37 
rhabdomyosarcomas. 


These different experiences presum- 
ably relate to the experience and judg- 
ment of the pathologists involved. Im- 
provement may be posible if the surgeon 
informs the pathologist of his clinical as- 
sessment. The importance of pursuing 
the diagnosis of a lesion suspected of 
being a sarcoma cannot be overempha- 
sized. Meticulous review of microscopic 
material and intensive follow-up is man- 
datory if these tumors are to be diag- 
nosed and treated early. 


Wide local excision is generally ac- 
cepted as the primary mode of therapy 
for most sarcomas of the head and neck, 
regardless of histologic type. Finger-like 
extensions, satellite foci and the ten- 
denev to spread along muscle bundles 
and fascial planes should deter the sur- 
geon from attempting enucleation pro- 
cedures, which in the past have been as- 
sociated with high rates of local recur- 
rence. With respect to sarcoma, 
wide local excision implies an en bloc re- 
section of the tumor including a broad 


margin of adjacent normal tissue encom- 
passing the next deepest uninvolved 
musculofacial plane.*! In the neck, this 
concept is easy to implement. Applied 
to maxillofacial sarcomas, limited, or at 
times extensive, adjacent bony resec- 
tions will be necessary to achieve satis- 
factory margins. Laryngeal sarcomas 
have been treated successfully with both 
total laryngectomy and partial laryngec- 
tomy in carefully selected cases.*"° 


Not unlike squamous carcinomas of 
the head and neck, conservative proce- 
dures resulting in positive margins will 
almost invariably result in local disease 
recurrence. Fu and Perzin,?? for instance, 
reported four patients with chondro- 
sarcomas of the paranasal sinuses who, 
following resections with positive mar- 
gins, developed uncontrolled local re- 
currence with destruction of the base of 
the skull. 


Although somewhat dependent on 
histologic type and degree of differen- 
tiation, it is generally agreed that recur- 
rence tends to develop more rapidly 
with sarcomas than with carcinomas. 
The literature is not entirely supportive 
of this concept. Farr” claimed that 50% 
of sarcomas that recurred locally did so 
within one year, and 89% did so within 
two years. Caron et al'' showed that 60% 
of osteosarcomas recurred within an 
average of 8.5 months. Swain et al* 
found that the average time for recur- 
rence of fibrosarcoma was 1.9 years, 
while some did not occur for upward 
of five years. Recent data* suggest that 
even ten years may not be sufficient 
time to identify all disease recurrence in 
some of the less aggressive sarcomas. 


Inadequate excision of sarcomas may 
result in hematogenous dissemination to 
lung, bone and brain. Distant metastases 
are a well-known feature of sarcomas 
and have been reported in up to 50% of 
the more aggressive forms.? Fortunately, 
with some sarcomas, such as chondro- 
sarcomas and liposarcomas, this occurs 
relatively late, affording the surgeon a 
second attempt at local resection. 


In our series, 17 of 29 patients (93%) 
were treated by wide local excision. 
Seven patients (26%) developed local 
recurrence and three patients (11%) de- 
veloped within one year. Of Conley et 
al's 84 patients with fibrosarcoma, only 
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36% were cured by a single operative 
procedure." Cade? recorded prolonged 
survival in 50% of soft tissue sarcomas as 
a whole when given adequate local 
treatment. In Farrs review,? 30% of 
patients with soft tissue sarcomas of the 
head and neck, treated primarily by 
wide resection survived without rée- 
currence for five years. 


In his study of laryngeal sarcomas, 
Krajina^ treated 20 patients primarily 
with total laryngectomy resulting in an 
overall disease-free five-year survival 
rate of only 20%. Conversely, Weber et 
al believed that the rate of local recur- 
rence would remain relatively low with 
adequate laryngeal resection. Flanagan 
et al’? reported that 21 of 29 patients 
with fibrosarcomas of the larynx sur- 
vived an average of 4.9 years without re- 
currence. 


With the exception of rhabdomyosar- 
comas and fibrous histiocytomas, radical 
neck dissection is not routinely per- 
formed for sarcomas of the head and 
neck. In their series of rhabdomyosar- 
comas, Mason and Soule?? noted a 30- 
50% incidence of metastases to cervical 
nodes and suggested that neck dissec- 
tion is indicated. Although the percent 
of fibrous histiocytomas metastasizing 
to nodes is not known, most such tumors 
reported have risen in the neck and are 
felt to merit neck dissection on that ba- 
sis. With these exceptions, neck dissec- 
tion is employed only in order to en- 
compass the primarv tumor en bloc or 
in cases with clinically suspicious adeno- 
pathy. In our series, two patients under- 
went radical neck dissection and nodal 
metastases were found microscopically 
in one. 


The value of radiation as either a pri- 
mary or adjunctive mode of therapy re- 
mains unproven for most sarcomas. 
Lindberg, in a review of soft tissue 
sarcomas in adults, showed a local fail- 
ure rate of 667 when treated by radia- 
tion therapy alone. More favorable re- 
sults have been reported in selected 
tumors treated with combined therapy. 
Goepfert et al reported an overall sur- 
vival rate free of disease of 56% in 23 
patients with soft tissue sarcomas of the 
head and neck treated by combined sur- 
gery and irradiation. 


In recent years, studies have shown a 
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significant improvement in control of 
some sarcomas by the use of combina- 
tion surgery, irradiation and chemother- 
apy. This is most notable for rhadomyo- 
sarcomas in children. In 1973, Donald- 
son et al* reported a two-year survival 
of 74% and local control of 89% in 19 pa- 
tients with rhabdomyosarcoma of the 
head and neck. Sessions et al? reported 
significantly improved disease control 
using surgery, irradiation and triple drug 
chemotherapy (actinomycin D, vincris- 
tine, Cytoxan®) in a group of patients 
with embryonal rhabdomyosarcoma. 


helatively few of our patients were 
treated using these combined modalities, 
therefore our own data do not relate to 
these concepts. 


Although the heterogeneity of sar- 
comas of the head and neck precludes 
general statements concerning survival; 
several clinical and histopathological 
features correlate prognostically. Dif- 
ferent histologic types and subtypes ex- 
hibit different biologic behavior and thus 
carry varying prognoses. It is beyond the 
scope of this paper to review the differ- 
ential recurrence and survival rates for 
each tumor type. 


As with squamous carcinomas, both 
tumor size and location correlate with 
overall prognosis. Since both of these 
factors determine the ease of complete 
en bloc resection, the prognosis of any 
given histologic type will vary with them. 
In our series, the difference between soft 
tissue neck sarcomas and laryngeal sar- 
comas in terms of recurrent local or dis- 
seminated disease within one year was 
significant (9/13 vs 1/9). From the liter- 
ature, it appears that sarcomas of the 
larynx are more easily controlled than 
sarcomas in the soft tissues of the neck, 
maxillofacial area or oral cavity. 


Tumor grade or degree of differen- 
tiation can play a significant role in pre- 
dicting local or systemic recurrence. 
Goepfert et alè? reported 0%, 33%, and 
63% local recurrence rates for grades 1, 2 
and 3 respectively, in a series of assorted 
sarcomas of the head and neck. Similar- 
ly, survival rates of 1007, 66% and 13% 
occurred respectively in their series. 
Conley et al'* reported a 79% tumor con- 
trol rate for well-differentiated versus 
33% for undifferentiated fibrosarcomas. 
In our series, reappearance of disease 
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locally or systemically within one year 
occurred in 8 of 22 patients (36%) with 
well-differentiated sarcomas and in 6 of 
7 patients (86%) with poorly differen- 
tiated lesions. 


Until recently, the multitude of re- 
ports and the inconsistencies in classi- 
fication and reporting of resuts preclud- 
ed a meaningful comparative analysis of 
survival figures. In a large cooperative 
clinicopathologic study through the 
AJCC,* 1,215 soft tissue sarcomas (177 
in the head and neck) were staged ac- 
cording to tumor size, histologic grade, 
and nodal and systemic metastases 
(TNMG). Stage and grade clearly cor- 
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related with overall disease recurrence 
and survival. The respective five year 
survival rates for stages I - IV were 75%, 
55%, 29% and 7%. It therefore would ap- 
pear to be highly desirable to begin stag- 
ing sarcomas of the: head and neck so 
that more meaningful data regarding the 
appropriateness of therapy can be gen- 
erated. 


In conclusion, it would appear that 
awareness of the combined host and 
clinical factors studies should provide 
the physician with increased diagnostic 
acumen and therapeutic expertise in 
cnn with sarcomas of the head and 
neck. 
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ENTERAL AND PARENTERAL NUTRITION IN PATIENTS 
WITH HEAD AND NECK CANCER 


STEVEN M. Sopot, MD 


J. MicuarL Conover, MD Donar» G. Sessions, MD 


Sr. Louis, MISSOURI 


Head and neck cancer patients present with special problems in nutritional homeostasis 
because of local pharyngeal discomfort and obstruction and difficultv with deglutition due to 
either the neoplasm or the surgical alterations in the upper aerodigestive tract. Pretreatment 
malnutrition and vitamin deficiency are only compounded by the nutritional stress imposed by 
radiation and surgery. Reduced wound complications occur if the patients are nutritionally re- 
plenished before treatment. While nasogastric feedings will suffice in many patients, rapid nu- 
tritional restoration by this method is limited, and positive nitrogen balance may be difficult 
to achieve in the severely malnourished patient. Intravenous hyperalimentation offers a rapid 


and efficacious alternative in selected cases. The case histories of two patients are presented to 


illustrate these concepts. 


In recent years, nutritional therapy 
has been recognized as an increasingly 
important adjunct in the management of 
patients with cancer. The treatment mo- 
dalities of surgery, radiation and chemo- 
therapy are often limited by the nu- 
tritional status of the host. Nutritionally 
depleted patients may not heal satisfac- 
torily and have a marked reduction in 
immune resistance. Nutritional support 
is thus mandatory for the successful 
treatment of cancer. 


Patients with head and neck cancer 
face problems with protein-calorie mal- 
nutrition. It is generally agreed that the 
presence of malnutrition adversely af- 
fects the hospital course of these pa- 
tients by creating unacceptable morbid- 
ity and mortality. Prompt recognition 
and treatment is essential to reduce this 
morbidity and mortality to acceptable 
levels. 


Although enteral alimentation is the 
preferred method of nutritional support 
in patients with head and neck cancer, 
it is not always successful in achieving 
positive nitrogen balance. Intravenous 
hyperalimentation provides rapid nutri- 
tional restoration and may be a neces- 
sary alternative in selected patients. 


This report discusses two patients 
with head and neck cancer who illus- 
trate the devastating nature of host mal- 
nutrition and the necessity of selecting 
the proper method of nutritional sup- 
port. The mechanisms behind malnutri- 
tion are presented and the rationale for 
its management is discussed. 


CASE REPORTS 


Case 1. W. B. was a 66-year-old Caucasian 
male admitted to Barnes Hospital, St. Louis, 
Missouri, in February 1967, with a three- 
month history of a left neck mass. The mass 
was 3 x 5 cm and located in the jugulodigas- 
tric area. Routine head and neck examination 
revealed no primary lesion. Chest x-ray and 
barium swallow with upper gastrointestinal 
series were normal. Laryngoscopy, esophago- > 
scopy, bronchoscopy with washings and naso- 
pharyngoscopy with blind biopsy were all 
negative. Open biopsy of the left neck mass 
revealed epidermoid carcinoma. The patient 
was discharged to receive outpatient radiother- 
apy. The patient's weight during this admis- 
sion was 61 kg (135 Ib). Hemoglobin was 
13.5 gm%, BUN 22 mg%, creatinine 0.7%, al- 
bumin 3.4 gm% with a total protein of 6.8 
gm%. 


After 3000 rads to the neck and a four-week 
rest period, the patient was readmitted. The 
left neck mass was 2 cm in size. The patient 
weighed 60.3 kg (134 lb) with a hemoglobin 
of 12.1 gmg, creatinine 0.9 mg%, BUN 15 mg% 
and albumin 3.0 gm% with total protein 6.3 
gm£. Repeat panendoscopy was again unre- 
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Fig. 1. (Case 1) Metastatic carcinoma 
to the left neck from an unknown primary. 
Gradual and progressive nutritional de- 
pletion despite forced enteral hyperali- 
mentation. 


vealing for the primary lesion. The patient un- 
derwent.a routine left neck dissection. Post- 
-operatively, massive flap necrosis with carotid 
'exposure occurred. A left thoracoacromial flap 
was staged. Two weeks after staging, the 
chest flap was elevated but was returned to 
the donor site because of inadequate marginal 
circulation. The edges of the flap subsequent- 
lv necrosed. Despite tolerating 4000 calories/ 
day via nasogastric feeding, the patient's 
weight fell to 56 kg (124 Ib) with a hemo- 
globin of 9.8 gm%, creatinine 0.8 mg%, BUN 
30 mg%, albumin 2.8 gm% with total protein 
7.7 gm%. He suffered carotid rupture with 
exsanguination nine weeks after the neck dis- 
section. A graphic illustration is presented in 
Figure 1. 


Case 2. J. Y. was a 76-year-old Caucasian 
male with a 60-year history of cigarette and 
alcohol abuse who presented to Barnes Hos- 
pital in April 1976, with a three-month history 
of hoarseness, dysphagia, odynophagia and an 
18 kg (40 lb) weight loss. Laryngoscopy with 
biopsy revealed an epidermoid carcinoma in- 
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Fig. 2. (Case 2) T, carcinoma of the 
larynx. Insufficient nutritional gain via the 
enteral route necessitated intravenous hy- 
peralimentation. Note nutritional restora- 
tion within weeks after IVH begun. 


volving the left aryepiglottic fold, false vocal 
cord, anterior true vocal cord and epiglottis. 
Radiographic evaluation suggested thyroid 
cartilage invasion. No neck nodes or other 
evidence of metastases were present. The pa- 
tient weighed 51 kg (113 Ib) with a hemoglo- 
bin of 14 gm$, creatinine 0.8 mg%, BUN 9 
mg%, and albumin 4.1 gm$ with total protein 
7.4 gm% and cholesterol 161 mg%. 


The patient was discharged to receive out- 
patient radiation therapy, but was readmitted 
one month later with severe mucositis. His 
weight was 48 kg (106 Ib) with a hemoglobin 
of 14.5 gm%, creatinine 1.4 mg%, BUN 25 
mg%, albumin 4.4 gm% with total protein 7.9 
gm% and cholesterol 203 mg%. He was given 
2500 calories/day via nasogastric feeding, al- 
lowing the completion of 400 rads preopera- 
tive therapy. He was discharged on nasogastric 
feedings. 


One month later the patient was again ad- 
mitted for nutritional support because of mu- 
cositis and intolerance of nasogastric feedings. 
His weight on admission was 45.4 kg (101 
lb) with a hemoglobin of 13 gm%, creatinine 
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0.7 mg, BUN 16 mg%, albumin 2.8 gm% with 
total protein 5.8 gm% and cholesterol 136 mg. 
A gastrostomy was performed and feedings of 
2500 calories/day were tolerated for one week 
without weight gain. The hemoglobin was 11 
gm%, creatinine 0.8 mg%, BUN 15 mg%, albu- 
min 2.6 gm% with total protein 5.4 gm%, and 
cholesterol 122 mg%. 


Central venous hyperalimentation with 8.5% 
Freamine"9 was instituted, yielding an intake 
of 4000 calories/day. The patient gained 4 kg 
(8 Ib) in three weeks. The hemoglobin was 
12.5 gm%, creatinine 0.7 mg%, BUN 21 mg%, 
albumin 3.1 gm% with total protein 6.2 gm% 
and cholesterol 157 mg%. 


The patient underwent an uneventful total 
laryngectomy with a controlled pharyngostome. 
Central venous hyperalimentation was contin- 
ued one week postoperatively and gastrostomy 
feedings were resumed. Three thousand cal- 
ories/day were tolerated without weight loss 
or change in laboratory parameters. The pa- 
tient was discharged with gastrostomy feed- 
ings. Subsequent closure of the pharyngostome 
using the deltopectoral flap was uneventful. 
A graphic illustration is presented in Figure 2. 


DISCUSSION 


Head and neck cancer patients pre- 
sent with nutritional problems not unlike 
other cancer patients, but also possess 
special problems of alimentation of their 
own. Most of these patients are elderly 
and may save long histories of tobacco 
and alcohol abuse. Difficulties with de- 
glutition resulting from pain, edema, 
ulceration and bleeding are common and 
preclude adequate peroral nutrition, 
even before any treatment has begun. 


A state of relative starvation is not un- 
common for patients with head and neck 
cancer. Under normal circumstances, 
starvation involves a biphasic meta- 
bolic process; the first phase involves 
increased gluconeogenesis at the ex- 
pense of fat and skeletal muscle protein 
and the second phase involves altera- 
tions which reduce the obligatory break- 
down of protein. The net effect of the 
process is protein sparing at the expense 
of fat. In patients with malignancy, 
these normal adaptive metabolic mech- 
anisms fail and the result is cachexia. 


Cachexia is a poorly understood syn- 
drome, resulting from complex organ- 
ismic and biochemical interactions, char- 
acterized by weakness, muscle wasting, 
anorexia and profound nutritional de- 
pletion.’ Although speculative, the “ca- 
chectic syndrome" has been predomi- 
nantly attributed to reduced food intake, 
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rather than selective ànd preferential 
consumptionof vital nutrients by the neo- 
plasm.?? While overall tumor burden un- 
doubtedly plays à role, no linear rela- 
tionship exists between tumor size and 
degree of cachexia.^* The point at 
which food intake drops sufficiently to 
produce a net host metabolic deficit is 
dependent on unpredictable host-tumor 
interactions.* 


These pretreatment nutritional de- 
ficits are made worse by the addition of 
radiation, chemotherapy or surgery. The 
effects of head and neck radiation on 
nutrition may be devastating. Progres- : 
sive mucositis, xerostomia and altered 
dental hygiene create local oropharyn- 
geal discomfort, dysphagia, and odyno- 
phagia contributing significantly to gen- 
eralized host malnutrition. Altered taste, 
anorexia, nausea and vomiting only wors- 
en this problem. Moreover, many of 
these malnutritive effects of radiation 
therapy persist for weeks or even months 
after the treatment has ceased. 


Surgery is a well-known cause of nu- 
tritional stress. Generalized catabolism 
follows surgery, in which fat and skele- 
tal muscle protein reserves are mobil- 
ized, effectively creating a state of nega- 
tive nitrogen balance. The severity of 
the surgical stress combined with the 
preoperative nutritional deficits will de- 
termine the number of days or weeks re- 
quired for the body to convert itself into 
a metabolic schema favoring positive 
nitrogen balance. This time course may 
be modified by appropriate attention to 
pre- and postoperative nutritional main-- - 
tenance. "abc 


The nutritional status of head .and 
neck cancer patients will profoundly 
alter their course and prognosis. Weight 
loss itself has been shown to correlate 
with mortality. Mortality rates as high 
as 30% exist in patients who have lost 
20% of their body weight, and rates close 
to 100% exist for patients with a loss of 
50% of their body weight.* 


Host protein-calorie malnutrition cre- 
ates unacceptable morbidity in several 
ways. Reduced immune competence and 
resistance to infection are exaggerated 
by nutritional depletion.*? Patients with 
head and neck cancer, however, demon- 
strate variable degrees of immune in- 
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TABLE 1. NUTRITIONAL ASSESSMENT 








Patient Name 


Date No. 





Primary Dx 
Value 
Parameters 
Weight/height 
Brachial circumference 
Triceps skinfold 
Albumin 
Serum transferrin 
Total lymphocyte count 
Cell mediated immunity 
(mumps, SK/SD) 
(Candida) : 
Creatinine/height index 
Urinary urea nitrogen 
Nitrogen balance 


( Total protein intake/6.25) - (urinary urea N. + 4) 


Severe 


Deficit 


Moderate Minimal 





Severe 


>30% 


Standards 
Weight } 
Anthropometrics 
Albumin 
Transferrin 


<2.5 gm% 

«160 mg% 

Lymphocyte count <900 

Skin tests <5.0 
(Adapted from Blackburn and Bistrian™ ) 


competence regardless of nutritional sta- 
tus. It is estimated that 65 to 75% of pa- 
tients with head and neck cancer are 
incapable of mounting a normal cell- 
mediated immune response? Copeland 
et al? believe that malnutrition accounts 
for about.one half of these anergic re- 
sponses. Meakins et al'^ demonstrated 
that reduced immune competence in- 
creases morbidity and mortality. 


Similarly wound healing is affected 
adversely by malnutrition. The dele- 
terious effects of hypoproteinemic mal- 
nutrition on gastrointestinal anastomoses 
are well documented." A similar effect 
on surgical wound closure in the upper 
aerodigestive tract is to be expected. Fis- 
tula, wound breakdown, flap necrosis 
and slough account for a large percent- 
age of the morbidity following head and 
neck cancer surgery.? High protein- 
calorie nutritional support is necessary to 
alter favorably both the incidence and 
treatment of these problems. 


Minimal 


>5-15% 


Moderate 
>15-30% 


<3.0-2.5 gm% 
<180-160 mg% 
<1500-900 
<10-5 


<3.5-3.0 gm% 
<200-180 mg% 
<1800-1500 
<15-10 


Nutritional assessment is the first step 
in the rehabilitation of the malnourished 
patient. While several factors can be 
measured, no single assessment param- 
eter can fully characterize the nutritional 
status. The concept of a complete com- 
prehensive metabolic profile, most re- 
cently popularized by Blackburn et al,'? 
is necessary to follow and predict re- 
sponse to therapy and survival. Included 
are serial measurements of body weight, 
lean body mass, serum and urinary 
creatinine and urea nitrogen, serum al- 
bumin and transferrin and tests of cell- 
mediated immune function (Table 1). 
Body weight and anthropometric meas- 
urements are expressed as a percent of 
ideal. Serum protein studies reflect the 
status of the visceral protein compart- 
ment. Total lymphocyte count and de- 
layed hypersensitivity skin tests reveal 
the immune status of the host. Nitrogen 
balance can be estimated from measure- 
ments of urinary urea. Adherence to a 
schedule of measuring these parameters 
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'TABLE 2. CHARACTERISTICS OF AN 
IDEAL TUBE FEEDING 








Bacteriologic safety 

Acceptable osmolality 

Caloric density ~ 1-1.5 calorie/cc 

Contains proper porportion of readily absorb- 
able nutrients 


Contains mineral and vitamin supplements 
Ease of handling and administration 
Affordable 

(Modified from Gormican and Liddy.") 


is mandatory if the effects of nutritional 
therapy are to be confirmed with ac- 
curacy. 


Using nutritional assessment profiles, 
previous hospital-wide studies have esti- 
mated the high prevalence (50%) of 
malnutrition.’ In an attempt to an- 
swer the important question of which 
specific nutritional assessment param- 
eters are sufficiently accurate and sen- 
sitive to identify the subpopulation of 
malnourished patients at greatest risk of 
less than optimal clinical outcome, Mul- 
len et al'* studied 64 elective surgical 
patients. Although these authors noted 
a 97% incidence of abnormality in at 
least one nutritional assessment param- 
eter, only serum albumin, transferrin 
and delayed hypersensitivity tests were 
predictive of suboptimal clinical out- 
come. They noted that albumin levels 
less than 3.0 gm%, transferrin levels less 
than 220 mg$£, and anergic responses to 
skin test antigens were associated with a 
two to four-fold increase in primarily 
septic complications. This supports the 
view that the visceral protein compart- 
ment is critical in maintaining the integ- 
rity of the host defense system and fur- 
ther emphasizes the need for prompt 
recognition and treatment. 


Since the gastrointestinal tract is the 
ideal system for digestion, absorption 
and assimilation of nutrients, and since it 
is normal in most head and neck cancer 
patients, the enteral route is generally 
chosen for nutritional support. Peroral 
intake is often limited or impossible dur- 
ing the preoperative period for the rea- 
sons already discussed. Postoperatively, 
resumption of oral intake may take sev- 
eral days or weeks and is usually as- 
sociated with deglutition problems re- 
sulting from the surgical alterations in 
the upper aerodigestive tract. 
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Nasogastric intubation, esophagos- 
tomy or gastrostomy are the most fre- 
quently selected routes for enteral 
alimentation. Although complications, 
including benign esophageal stricture," 
reflux esophagitis,** mucosal erosion and 
leakage of gastric contents have been 
reported with each of these techniques, 
they are generally well tolerated by 
most. Selecting a proper tube feeding 
diet involves careful attention to the 
overall state of nitrogen balance, diges- 
tive and absorptive capacity, anticipated 
electrolyte and fluid imbalance, under- 
lving systemic disorders and patient 
tolerance.!*?? The characteristics of an 
ideal tube feeding diet as delineated by 


Gormican and Liddy are listed in Table 


Protein-calorie requirements are de- 
termined by nutritional status and de- 
gree of catabolism. Blackburn and Bis- 
trian! estimate that a 30-35 keal/kg/ 
day with a nitrogen: calorie ratio of 
1:300 is sufficient for maintenance in the 
noncatabolic state; 40-45 kcal/kg/day 
with proportionally more protein is 
necessary for severely depleted or cata- 
bolic patients. While administration of 
2000-2500 keal/day is sufficient for 
maintenance in most adults, 3000-4000 
kcal/day are necessary to achieve posi- 
tive nitrogen balance in the depleted 
state.!^?^7? Since head and neck cancer 
patients are usually depleted preopera- 
tively, a two to three week period of 
extraoral enteral alimentation prior to 
surgery might serve to reduce potential 
postoperative morbidity.?? 


As some patients are unable to toler- 
ate the commonly used bolus schedule 
of feeding, a continuous drip form of 
enteral hyperalimentation has : been 
recommended by Kaminski.** With this 
technique, a soft, small caliber Silastic® 
indwelling nasograstric tube is left at- 
tached to a tube-feeding pump which 
is regulated to deliver up to 195 cc per 
hour (3000 calories/day ). 


With all tube feeding methods, sev- 
eral problems exist which may preclude 
adequate enteral nutrition. Diarrhea, 
bloating, abdominal distension, regur- 
gitation, tube feeding intolerance and 
food allergies occur frequently in tube- 
fed patients.^'*?' Resultant interrup- 
tions in the enteral feeding schedule 
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are nutritionally costly. Moreover, stud- 
ies suggest that severely malnourished 
patients cannot absorb nutrients normal- 
ly, making forced enteral alimentation 
relatively inefficient, Adibi and Allen?’ 
showed a reduced jejunal absorption of 
various amino acids associated with al- 
terations in villous architecture within 
the gut lumen in malnourished patients. 
Dey and Romalingaswami** demonstrat- 
ed experimentally that malnutrition im- 
pedes the replication of intestinal villous 
cells. Thus, assimilation of nutrients via 
the gastrointestinal tract is reduced in 
clinically malnourished patients, with 
much of the administered meal being 
lost in the stool. As long as three months 
may be required to reverse the nutrition- 
ally depleted state using the enteral 
route.” 


Intravenous hyperalimentation pro- 
vides a rapid, relatively safe and effica- 
cious method of nutritional restoration.?* 
Studies at the M. D. Anderson Hospital, 
Houston, Texas,^?* indicate that intra- 
venous hyperalimentation can favorably 
alter the nutritional status of head and 
neck cancer patients within 14 to 21 
days. The authors suggested that total 
parenteral nutrition reduced the rate of 
pharyngocutaneous fistula and increased 
flap viability and the healing of grafts 
over radiated tissue. Schwartz et al? 
and others?'?? have shown that parenter- 
al hyperalimentation may improve re- 
sponse rates to chemotherapy and allow 
patients to tolerate more treatment. 
Copeland et al? and Copeland* be- 
lieve that intravenous hyperalimenta- 
tion likewise improves patient tolerance, 
and thus responsiveness to radiotherapy, 
and reduces the incidence of radiation 
stomatitis. Improvement in cell media- 
ted immune function, as measured by 
delayed hypersensitivity skin tests is 
similarly found in cancer patients follow- 
ing intravenous hyperalimentation.? 


The principles and techniques in- 
volved in total parenteral nutrition 
have been described elsewhere.?* Cathe- 
ter-related sepsis, although an infre- 
quent but accepted complication of in- 
travenous nutrition, poses a potentially 
greater threat in head and neck pa- 
tients. Secretions from pharyngostomes, 
fistulas, and tracheostomies frequently 
contaminate nearby dressings. Careful 
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attention to aseptic technique during 
daily dressing changes and the use of ad- 
herent plastic sheets may keep this prob- 
lem to a minimum. 


The concept that enteral alimentation 
may not always provide adequate nu- 
tritional restoration despite a relatively 
normal gastrointestinal tract is support- 
ed by our selected cases. In our first pa- 
tient, despite sufficient protein-calorie 
enteral intake, progressive wound break- 
down, flap death and malnutrition ulti- 
mately led to the patient's demise. The 
second patient illustrates the nutritional 
problems encountered preoperatively by 
head and neck cancer patients. How- 
ever, recognition that enteral alimenta- 
tion was not improving the nutritional 
status prompted the use of parenteral 
nutrition. Within three weeks, the pa- 
tient demonstrated progressive nutri- 
tional restoration, and was able to return 
to enteral feedings within a reasonably 
short time postoperatively. 


While intravenous  hyperalimenta- 
tion has had limited use to date in head 
and neck cancer patients who are able 
to tolerate tube feedings, its more wide- 
spread use as both an adjuvant and com- 
plete caloric source seems warranted. 


CONCLUSION 


It apears that nutrition provides a 
major adjuvant modality in head and 
neck cancer therapy. Although a malig- 
nant lesion in the head and neck may 
be anatomically resectable and poten- 
tially curable, negative nitrogen balance, 
cachexia, and impaired wound healing 
may eliminate these patients as viable 
candidates for surgical or radiation ther- 
apy. Nutritional assessment must in- 
clude serial measurements throughout 
the hospital course. Precise nutritional 
rehabilitative strategy must be planned 
and the results carefully followed. En- 
teral alimentation may not always meet 
the nutritional demands incumbent up- 
on the depleted head and neck cancer 
patient. Intravenous hyperalimentation 
offers a viable and necessary alternative 
in selected cases. The empirical and phy- 
siological basis of such treatment de- 
serves the same fundamental scientific 
evaluation as that given to all thera- 
peutic modalities employed for head 
and neck cancer. 
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EFFECTS OF IRRADIATION ON CERVICAL LYMPH NODES 


Louis W. Wetsu, MD 
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The effects of irradiation upon the functional integrity of lymph nodes were studied in 


the isolated. cervical region of the dog. After 6000 rads were applied 


in one dose plan, the 


measure of lymph flow was determined by the migration of radiogold from the larynx to the 
associated primary lymphatic terminals at intervals of 2, 4, and 12 weeks, and six months post- 
irradiation. Interference with lymph flow was identified by radionuclide stasis in the injection 
depot; alteration in the direction of flow was identified by relative concentration of the tracer 
item in the associated nodal terminals. The lymph flow was minimally distorted by irradiation 
in the test period unless secondary damage to the associated lymphatic channels intervened. 
The relative migration was consistent with the normal data in 52%, de ressed in 13% and in- 
creased in 35% of the cases studied. Major obstruction and rerouting of lymph flow contralater- 
ally was evident in 19% of the subjects due to fibrosis secondary to local infection. 


In this investigation the authors dis- 
cuss the effects of irradiation on the iso- 
lated cervical lymph node of the dog 
and measure the functional abnormalities 
due to the ionizing energy. How these 
data and conclusions apply to human 
cancer treatment are the topics of this 
paper. 

The goals of this research may be 
considered by four questions: 1) Is there 
a difference in the lymph flow through 
an irradiated regional lymph node? 
2) What are the quantitative alterations 
from the normal lymph flow due to the 
application of external irradiation? 3) 
What are the effects of. time following 
irradiation upon the lymph flow? 4) 
What ‘other experimental factors relate 
to this‘:problem which modify the alter- 
ations due to irradiation? 


There is a considerable volume of re- 
search literature from 1938 until the 
present which identifies the morphologic 
alterations and modifications in lym- 
phatic function secondary to irradiation.* 
Many of the studies are based upon 
regional or isolated lymph nodes of the 
lower extremities in animals. Those in- 
vestigations in’ humans are concerned 
with tissue undergoing radiotherapy for 
malignant disease. 


For the purpose of discussion, it is 
practical to arbitrarily isolate the lymph 


vessels from the lymph nodes and to 
evaluate each on the basis of functional 
integrity, viz, lymph flow and filtration 
or barrier effect. 


The earliest data of Ariel et al? taken 
from investigation on the rabbit ear 
lymphatics pointed to the low sensitivity 
of the lymphatic vessels to irradiation. 
Subequent investigations by Van den 
Brenk? who utilized 4000 rads applied 
in a single dose, indicated no change in 
the structure and endothelial lining nor 
was there any obstruction in the lymph- 
atic vessels. When doses in excess of 
5000 rads were applied, endothelial 
swelling and rupture of the lymphatic 
vessels ensued. Lenzi and Bassani* by 
contrast with the earlier data, observed 
that a dosage of 6000 rads was the thres- 
hold level for considerable change in 
the irradiated lymphatic vessel in rabbit 
uteri. With this dosage and the higher 
8000 rads while the lymph vessels ap- 
peared tortuous and rigid, the continuity 
of the lymph vessels was not impaired. 


From a functional aspect, the patency 
of the lymphatic channels can be mea- 
sured by lymphangiography. Animal 
programs which irradiated the hind 
limbs of rats, laryngeal and tracheal 
lymphatics in the cat, and the pelvic 
limb of dogs did not identify distur- 
bances in lymph flow. Dosage range 
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from 2000 to 8000rads did not impair the 
continuity of the lymph vessels. Lym- 
phangiographic studies studies in rats up 
to one year postirradiation of 3000 rads 
did not reveal disturbances in lymph 
flow. * Thereafter, the lymph flow was 
not obstructed but appeared deviated 
from the previous course due to adjacent 
fibrosis.° 


In the human, the effects of iradiation 
paralleled those of animals. Cancericidal 
doses in uterine carcinoma up to 15,000 
rads do not alter the lymphatic flow; 
while doses of about 20,000 rads pro- 
duce regions of necrosis with consequent 
interruption of lymphatic flow.* In other 
human pelvic irradiation studies,* varia- 
tion from the normal flow patterns are 
altered by collateral lymphatic circula- 
tion and extravasation of contrast. Ariel 
et al? studied ten patients who had been 
irradiated with doses of 2000 to 4000 
rads in 10 or 23 days from a cobalt-60 
source or 2 million volt generator, and 
noted that while the lymph nodes were 
greatly destroyed, Ethiodol? passed 
with a free flow through the pelvis and 
abdominal regions. 


Barrier effects? may be identified by 
the passage of cells or particles through 
the lymph node. Among others, human 
and toad erythrocytes, colloidal gold 
particles (??*Au), and V. tumor cells are 
used as measures of nodal function. The 
data on animal nodes as barriers may re- 
flect the agent, tumor cells, or particle 
size chosen for the study. In the rat, a 
3000 rad dose gradually reduced the 
barrier effect measured by human and 
toad erythrocytes until one year at which 
point shunts by-passed the irradiated 
node. Two thousand rads applied to 
the popliteal node in dogs do not alter 
the barrier function for colloidal gold 
particles. In this study the authors sug- 
gested that a single dose of 6000 rads 
might be the threshold beyond which 
the barrier effect is suppressed by radia- 
tion treatment. 


V, tumor cells are effectively trapped 
in the popliteal lymph nodes of rabbits 
for at least a two-week period. Follow- 
ing irradiation of 1000 or 3000 rads in 
two equal portions with a one-week in- 
terval, the flow of V. cells appears to be 
modified with distant tumor growth sig- 


503 
nificantly increased.* Fischer and Fisch- 
er? disputed these data and in their ex- 
periment found that irradiation reduced 
the barrier function of the node for ery- 


throcytes but failed to modify the bar- 
rier function for V, cells. 


In humans, the barrier effects are less 
well known due to the difficulty in mea- 
suring the in vivo state. In our studies’? 
employing radiogold postirradiation and 
by body scanning, we identified locali- 
zation of the tracer item to the injection 
site (endolarynx) and within the pri- 
mary lymph node at the superior thy- 
roid neurovascular bundle. Other nodes 
inferiorly located within the jugular 
chain failed to be identified by this tech- 
nique. We have assumed this limitation 
of flow to be a combined effect of ir- 
radiation, but more importantly, secon- 
dary to surgery in this region which pro- 
duced fibrosis and lymphatic obstruc- 
tion. 


Other studies by Fisch" on the barrier 
effect of extirpated cervical lymph 
nodes of humans removed by radical 
neck dissection, suggest that function 
may be influenced by preoperative ir- 
radiation. By comparison of nodes, one 
receiving more than 6000 rads and an- 
other undergoing 2000 rads less barrier 
effect was found in the node undergoing 
higher levels as measured by avian ery- 
throcytes. The time interval also was 
significant in that there was a tendency 
to less effective filtration in the 6000- 
7000 rad levels applied three or more 
months prior to surgery. 


The authors refer the.reader to a 
splendid review by Jovanovict which 
summarizes much of the historical and 
current concepts of the influence of ir- 
radiation on blood vessels and circula- : 
tion. A i : 


"TECHNIQUES, METHODS AND 
MATERIALS 


Several approaches are available which out- 
line lymphatic channels and lymph nodes. The 
earliest method was by an injection of blue 
dye into a specific target organ, and by visual 
inspection identification of the related lymph 
terminals.” This modality provides a qual- 
itative study, and in our earlier research, 
we observed that a relatively small number 
of lymph terminals could be identified by the 
presence of pigment. Other nodal targets in 
the regional network were not stained by the 
extreme dilution of the vital dyes. A further 


deficiency in tis method is that concentra- 
tion of the dye agent and relative flows to in- 
dividual target areas could not be computed. 


Later, direct infusion of the radiopaque 
agent within afferent lymphatic channels 
(lymphangiography) or into regional lymph 
nodes (lymphadenography) presented the net- 
work of the associated lymphatic structures 
more clearly by radiologic visualization. This 
study is more appropriate for the paraortic 
nodes which are otherwise more difficult to 
appraise than those of the cervical region. 
Furthermore, by palpation, the status of en- 
largement, nodularity, and fixation of the cer- 
vical lymphatics can be determined without 
dye infusion. Finally, precise measurement of 
flow to individual terminals is not possible by 
this method. 


Advances in radioisotopes and application 
of these tracer items to lymphatic research 
have simplified the investigation of lymphatic 
flows and terminals. Quantitative flow pat- 
terns have been mapped in the animal? and 
in normal^* and pathologic” states in the hu- 
man. Total recall of the injection bolus and 
identification of the deposit areas are possible 
by this technology. We have employed col- 
loidal radiogold (*Au) as the isotope of choice 
due to the favorable characteristics of partic- 
ulate matter, phagocytosis by the reticuloen- 
dothelial system. minimal local reaction, and 
relatively short half-life (4.5 days). 


An analogy could be drawn between the be- 
havior of radiogold particles and metastatic 
tumor cells in the regional lymphatic system. 
This model cannot be applied to the activity 
of malignant cells. The biologic reactivity and 
immunologic capacity of the normal human 
and the animal is not compromised in the cur- 
rect study, as may exist in the tumor-bearing 
individual. The functional competence of the 
regional lymph nodes is normal in the healthy 
animals as opposed to the cancer patient where 
metastatic nodules alter the flow pattern via 
obstruction or interruption. Finally, there is 
a great disparity in size between the radio- 
gold particle and the malignant cell. None- 
theless. with awareness of these differences, 
the góld particle does define the relationship 
of the endolarynx and the associated cervical 
lymphatics. 


Animals. The dogs weighed f. 9-18 k 
(20-40 Ib). " iá 5 


Surgical Exposure. Under barbiturate anes- 
thesią, the neck was prepared, a midline ver- 
tical incision was carried through to the su- 
perficial layer of the deep cervical fascia. By 
blunt dissection and elevation, the single 
right-sided cervical lymph node, approximate- 
ly 2-3 cm in diameter, was identified in close 
proximity to the carotid system. The node was 
left in place with minimal disturbance of the 
adjacent connective tissue. A prepared lead 
shield contoured to expose the lymph node 
and adapted closely to the margin of the gland 
was applied and irradiation begun. At the 
completion of the 6000 rad exposure, the op- 
erative field was closed. 


Radiation. The animals received 6000 rads 
at one exposure from a 100 kvp source, 20 
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mamp, 50 cm distance, with a quality of radi- 
ation half value layer 0.5 mm aluminum. 


Injection. A specially designed 25 gauge 
needle, 25 cm long, was adapted to a shielded 
syringe calibrated in 1/100 ml. The volume 
of injection of radiogold was 0.02 ml. A stan- 
dard laryngoscope was inserted and the su- 
praglottic larynx visualized; the instillation of 
the agent was submucosal and readily became 
apparent as a blue-gray stain in the tissue. 
The radius of injection was approximately 2-3 
mm and clearly was limited to the intended 
area, ie, right false cord midposition between 
the arytenoid cartilage posteriorly and the an- 
terior commissure. The particle size of the 
radioactive gold was approximately 3 my in 
diameter, the range oF activity being from 


100 to 400 Ci. 


Time Flow Studies. The normative data™ 
were derived previously and compared to 
studies of lymphodynamics at intervals of 2, 
4, 6, 12 weeks, and six months following ir- 
radiation. 


Measurements, This test was designed to 
measure migration of radiogold from the in- 
jection site to the regional lymphatics. We de- 
termined previously that the migration would 
be complete by 48 hours after injection and, 
therefore, the animals were sacrificed at that 
time. The cervical nodes were dissected in- 
dividually, marked as to laterality, and the 
larynx removed in toto. The animal was 
scanned for residual activity. None was found 
in these experiments beyond the cervical re- 
gion. The nodes and larynx were separately 
measured in a well-type scintillation counter, 
Nuclear Chicago, Model 1620C. A numerical 
value for the total of radiogold was computed 
and the percentage of material remaining 
within the larynx was calculated; the quantity 
in the lymph nodes reflected lymph flow, and 
the relative concentration of material in right 
and left nodes indicated the stream pattern. 
Variation from the standards of right-left flow 
suggested modification by the irradiation. 


DATA 


We shall present the results of two 
experiments at differing intervals postir- 
radiation to illustrate the method of pre- 
sentation of data and, thereafter, the 
composite data for the complete series. 


The first specimen displayed an extra- 
laryngeal flow of 35% of the radionu- 
clide with the residual of 65% of the 
total mass located in the depot site of 
injection. These data for isotope migra- 
tion fall within the control range of 30 
to 50%. 


In Figure 1 we note that the nodal 
concentration is 76% right and 24% left 
which exceeds the normal distribution, 
ie, 10% or less crossing contralaterally. 


The second specimen suggests 44% of 
the injection located in the target area 
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Figure 2 shows that the direction of 
lymph flow is altered from the standard 
functional pattern with the preponder- 
ance of radionuclide terminating in the 
contralateral node. This is statistically 
evident as 25% measured in the ipsilater- 
al node with a disporportionate concen- 
tration of 75% in the contralateral cer- 
vical gland. 


We shall now view the composite data 
for the studies on 25 irradiated animals 
and ten unchallenged dogs as controls. 
The first parameter of this investigation 
is the percentage of lymphatic spread 
from the larynx computed by the con- 
centration of radionuclide in the regional 
cervical lymph nodes. We find a normal 
appearance of the irradiated node, al- 
though shrunken in comparison with the 
control nodes, cervical contents, and 
larynx when there is no secondary dis- 
turbance due to the trauma of surgery 
or infection. There is evidence at secon- 


FLOW 56% 


pe 
4, 
/ 
H 
Y 
25% —> 
| f- 75% 


Fig. 2. The majority (56%) of the trac- 
er material migrates from the larynx. An 
obstructive phenomenon of contralateral 
flow (75%) is evident with 25% termina- 
ting in the ipsilateral cervical node. 


posite data of 23 studies indicate 12 are 
within control data,.8 suggest greater 
tracer spread, and 3 depressed migration. 


dary surgery of mild adhesions of the 
skin flaps to the superficial surface of 
the lymph node and a severe dipilatory 
effect beneath the irradiated node cor- 
responding exactly to the portal field. 
Infection, excessive scar, and edema are 
clinical findings which are secondary to 
the regional infection introduced at the 
time of the primary surgery. 


As indicated in Figure 3, there were 
23 subjects and 12 fell within the nor- 
mally expected range (30-502). Three 
were noteworthy in that the flow was 
substandard, and the residual eight sug- 
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channels. Five studies deviate widely from 
control data due to lymphatic scarring. 


gest excessive lymphatic flow. There are 
five specimens in which fibrosis was 
grossly evident. The statistics of flow 
do not indicate a variation from the over- 
all volume of flow. The direction of flow 
is measured by the termination of the 
radionuclide and is a reflection of the 
patency of the lymphatic channels to the 
normal aenak 


We observe that the normal appear- 
ing cervical structures, ie, without ex- 
cessive scarring, (Fig. 4), reflect an un- 
impeded lymph flow to the anticipated 
ipsilateral lymph node. Several of these 
specimens (4/23) exceeded the norma- 
tive data of 10% but did not surpass 20% 
with the exception of one example. The 
abnormally scarred studies illustrate the 
extensive interruption of flow with the 
lymph-borne isotope terminating contra- 
laterally between 75 and 100%. 


This study would be incomplete with- 
out histologic analysis of the irradiated 
lymph node. The tissues were stained by 
standard hematoxylin and eosin and 
Masson’s trichrome techniques to define 
the cellular morphology and presence 
of fibrous tissue. 


We shall consider the changes ob- 
served in the vascular structures, lymph 
nodules, and the medullary region of the 
nodes. The effects should be viewed on 
a temporal basis; that is, early and late 
changes.!* 


The early vascular changes involve 
primarily the microvasculature with 
endothelial cellular damage character- 
ized by swollen and variably vacuolated 
cytoplasm, and nuclear enlargement 
with. karyorrhexis. The late irradiation 
effects are characterized as progressive 
vascular sclerosis due to intimal prolif- 
eration particularly in the small vessels. 
There are.other vascular changes such 
as subendothelial connective tissue pro- 
liferation, discontinuity of the elastica 
interna, accumulation of hyaline or fib- 
rinoid material and others which result 
ultimately in further circulatory com- 
promise. 


We have reviewed the microvascula- 
ture of the nodes by light microscopy 
and find the vessels to be fully patent, 
without evidence of endothelial damage, 
or perivascular fibrosis, and consistent 
with the control nodes within the period 


WELSH-CAMPELLONE 


of two weeks to six months postirradia- 
tion. 


The microscopic structure of the 
nodes following irradiation has been 
evaluated." In the state of acute ir- 
radiation damage within the first hour 
there is definite destruction of the small 
lymphocytes and lymphatics, particular- 
ly in the center of the follicles. Within six 
hours, injury becomes more diffuse, in- 
volving the entire lymph node with de- 
pletion of the lymphocytes. There is de- 
struction of the cells in the center of the 
follicle which gradually extends into the 
margin, and at three days a scant num- 
ber of lymphocytes remain superim- 
posed upon a structure of reticular cells 
and a fn plasma cells. As recovery 
takes place, a return to the former nor- 
mal architectural and cellular design 
develops. 


In this study the analysis of the archi- 
tecture at two weeks and six months 
postirradiation reveals no significant dif- 
ferences in the large lymphatic nodules. 
The structure of the medullary area dif- 
fers over the time base, namely, the two- 
week study reflects a very cellular in- 
filtrate in the sinusoidal areas. In the 
latter period there is edema and widen- 
ing of the sinusoids without the cellular 
density of the earlier area. 


DISCUSSION 


The functional capacity of a lymph 
node may be measured by cell perfusion 
or by particles which pass through the 
afferent lymphatic channels; and into 
the lymph nodes for filtration or phago- 
cytosis. For quantitative purposes the 
authors have selected radiogold because 
exact measurements can be made of 
phagocytic behavior by identifying the 
location of the radionuclide item. If the 
phagocytic activity is depressed, then 
lymphatic dissemination or lymphatic- 
ovenous communications could allow the 
isotope to disperse into the generalized 
circulation and appear in distant loca- 
tions. When the integrity of the retic- 
uloendothelial system is not depressed 
by irradiation, then the radionuclide and 
its ultimate course should be consistent 
with the normative data. 


The experimental plan was designed 
to irradiate selectively the lymph node 
while sparing the lymphatic channels. 
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We recognize that a small rim of the 
channels at the margin of the lymph 
node receive some irradiation due to the 
mechanical difficulty in providing total 
shielding of the vessels. The data of 
lymph flow were measured at selected 
periods to determine whether a pattern 
of change would be evident as the tem- 
poral basis was extended. We find that 
even though the direction may be se- 
verely reversed, there is little evident 
obstruction to lymph flow from the 
larynx. This is due to the fact that col- 
lateral channels are utilized and that al- 
ternative directions of flow exist. 


The main factor of damage to the 
lymphatic channels brings about flow 
disturbances through collateral or al- 
ternative streams rather than damage to 
the functional integrity of the node. 
Damage in this series is a consequence 
of infection and subsequent scarring. 


The morphology of the lymph nodes 
is not greatly modified from the normal. 
We note little if any difference in the 
composition of the germinal centers and 
lymph nodules. Sinusoidal hyperplasia 
with dilatation of the sinusoid is appar- 
ent with a marked plasmacytosis in this 
region in the six-month studies; the more 
recent postirradiation nodes suggest in- 
creased cellularity and less change in 
the sinusoidal configuration. In spite 
of these morphologic differences, there 
is no difference in the functional capa- 
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city of the node in its phagocytic capa- 
bility. ; 


While extrapolation of these data 
should be entertained, we must closely 
examine the conclusions taken from ani- 
mal studies and the applicability to man. 


There is no suggestion based upon 
lymphatic flow studies that an ideal 
time for definitive surgery following 
radiotherapy can be identified. The 
study is limited to a maximum period of 
six months, and therefore, considerations 
beyond that point in time are not within 
the scope of this discussion. 


Surgery, such as excisional lymph 
node biopsies with the attendant dam- 
age and stricture of lymph channels, can 
modify the metastatic behavior of can- 
cer cells from the primary location. As a 
consequence, secondary deposits of tu- 
mor may locate in less surgically acces- 
sible areas such as the most cephalic 
deep cervical lymph nodes adjacent to 
the jugular foramen, or descend into the 
mediastinum. From a clinical aspect sur- 
gical interference which transects lymph 
channels should be avoided until the de- 
finitive procedure is undertaken. There 
is no evidence from this study that a 
"sealing-off' of lymphatics would de- 
velop when radiotherapy is selected as 
the primary modality of care and the 
regional lymphatic field is widely cov- 
ered by irradiation to control micro- 
metastatsis. 
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RADIATION FIBROSIS AND NECROSIS OF THE LARYNX 


James R. CHanpLeR, MD 


Miami, FLORIDA 


The deleterious effects of ionizing radiation upon the normal tissues of the larynx, even 
when it is not the specific target of the radiation therapist, are always apparent to the ob- 
servant and experienced laryngologist. On occasions they are so marked as to obscure the di- 
agnosis of concomitant persistent or recurrent cancer. There is a direct relationship between 
the number of rads delivered and the severity of the subsequent radiation reaction. A system 
of classifying such reactions is proposed. Grade 0 is normal. Grades I and II are expected. 
Grades III and IV may be considered complications and require specific and even energetic 
treatment. In grade IV reactions, which require operative intervention, laryngectomy may be 


the treatment of choice. 


Therapeutic radiation therapy for epi- 
dermoid carcinoma of the larynx invar- 
iably results in some degree of reaction 
in the normal tissues immediately adja- 
cent to the tumor. In fact, whenever 
treatment is given in sufficient doses to 
destroy cancer, all normal tissues in the 
path of the beam will be permanently 
damaged.' This includes skin and all 
deep tissues. There is increased vascu- 
larity, redness and local tenderness. 
There is local discomfort and during the 
administration of the radiation therapy, 
there is increasing local edema, hyper- 
emia, and inflammatory changes with- 
in the mucosa and in the laryngeal 
structures themselves. These changes 
are due to an inflammatory reaction 
characterized by infiltration of polymor- 
phonuclear leucocytes, vascular throm- 
boses, and obliteration of lymphatic 
channels. Late changes consist of telan- 
giectases of the skin, alopecia, loss of 
subcutaneous fat, degenerative changes 
in the connective tissues, and marked 
endarteritis of smaller blood vessels. 
The extent of all of these changes de- 
pend upon the amount of radiation 
therapy delivered, the field sizes, and 
the time interval. Higher doses, shorter 
time periods, and larger portals lead 
to progressively greater soft tissue re- 
action and more marked late changes. 
While megavoltage radiation therapy 
spares the skin somewhat, the deeper 
structures of the neck and larynx itself 
are not spared. The relationship be- 


tween the amounts of radiation therapy 
delivered and the likelihood of perma- 
nent significant damage to the surround- 
ing normal tissues is shown in Figure 1. 


These changes result in local discom- 
fort and hoarseness as well as dryness, 
dysphagia, and the sensation of a lump 
in the throat. Upon the completion of 
radiation therapy, most or all of these 
symptoms may gradually subside with 
the passage of time. Most commonly, 
some hyperemia and edema of both 
true vocal cords and surrounding tis- 
sues remain and are accompanied by 
some hoarseness. 


When the radiation therapy includes 
the larynx as it is administered to full 
neck fields, the hypopharynx or to the 
base of the tongue, the same reactions 
and symptoms result.? In some instances, 
these reactions subside gradually only 
to undergo exacerbations as long as 25 
years following its completion: 


Clinical Features. The patient under- 
going radiation therapy which includes 
the larynx, usually experiences no symp- 
toms until he has been treated five to 
ten days. About then, he develops the 
sensation of a lump in his throat and 
some local tenderness which is accen- 
tuated on swallowing and prolonged 
use of the voice. Examination reveals 
slight hyperemia and edema of the mu- 
cosa and of the larynx and skin of the 
neck. These symptoms and signs grad- 
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Fig. 1. The dotted line indicates the lo- 
cal control (cure) rate;-the solid line, in- 
cidence of significant damage to normal 
tissues (necrosis);.the shaded area, the 
therapeutic range of* radiation therapy 
wherein a cure rate of 80% incurs a rea- 
sonable complication rate of about 12%. 
Attempts to increase the cure rate result 
in a sharp increase in the complication 
rate and incidence of frank necrosis. 


ually progress as radiation therapy is 
continued and usually reach their peak 
about the conclusion of therapy. At this 
time, there is marked redness, edema, 
and loss of hair from the skin over the 
larynx. There is tendemess on palpa- 
tion, There is edema and redness of all 
mucosa of the larynx. There may be, 
and usually is, some impairment of mo- 
tion of the larynx with some decrease in 
airway. There is usually a fibrinous exu- 
date with a patchy distribution over 
the endolarynx and hypopharynx. 
These changes are always more intense 
in the area of the tumor itself and are 
aptly described as “tumoritis.” Symp- 
toms are usually exacerbated by contin- 
ued smoking and may lead to a signifi- 
cant loss of weight. 


Symptoms and signs gradually sub- 
side over the succeeding two to six 
weeks when some hyperemia of the mu- 
cosa and slight edema of the structures 
of the larynx may remain, along with 
some .slight subsiding redness of the 
skin. The soreness and difficulty on swal- 
lowing usually subside by this time. If 
the treatment has included only the lar- 
ynx, symptonis referrable to swallowing 
are erudi» minimal. Larger fields result 
in atrophy of the parotid and other sali- 
,vary glands and lead to xerostomia and 
resultant dysphagia. 


Signs and symptoms continue to sub- 
side over the succeeding months and 
years, and in some patients, particular- 
ly those with glottic tumors, disappear 
completely. Examination of the larynx 
reveals perfectly normal structures. The 
skin of the neck itself may appear to be 
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perfectly normal although a slight 
edema of the subcutaneuos tissues us- 
ually betrays previous radiation therapy. 


Edema persists to a variable degree 
in a significant number of patients. 
Larger tumors which require larger 
treatment fields will be associated with 
more persistent changes. Infiltration of 
the cartilage by tumor or previous surgi- 
cal trauma contributes to these changes.? 
Webs may develop in the anterior 
commissure as a result of the denuding 
effect of therapy. Limitation of cord mo- 
tion may be the result. Edema is by far 
the most common manifestation of per- 
sistent radiation damage.* It is due to 
the factors described previously. Pro- 
gressive endarteritis of small arteries 
and veins leads to fibrosis of the subcu- 
taneous tissues and muscles of the 
larynx as well as overlying mucosa. At- 
rophy of the cords may result. Telangi- 
ectases and hyperemia of one or both vo- 
cal cords is common. 


More severe changes relate to the re- 
sultant ischemia of tissues. With upper 
respiratory tract infections, with or with- 
out surgical trauma of the laryngeal 
structures, infection can enter the soft 
tissues and lead to progressive necrosis 
and slough of soft tissues and cartilage. 
This results in an exacerbation of all 
symptoms and particularly the appear- 
ance of marked fetor oris. If not treat- 
ed properly, these lead to progressive 
loss of weight, loss of the protective 
function of the larynx with aspiration 
and pneumonia, progressive inanition 
and death. 


Diagnosis. The diagnosis of radiation 
fibrosis and necrosis of the larynx is 
not usually a problem. However, the 
determination of whether or not under- 
lying residual or recurrent carcinoma, 
which may be masked by the edema 
and other changes described previously, 
constitutes a real enigma and diagnostic 
problem. It requires a very astute and 
alert clinician to make this determina- 
tion. The height of the radiation reac- 
tion usually coincides with the end of 
radiation therapy and begins to subside 
rapidly thereafter. In most cases, the 
marked mucosal reactions gradually sub- 
side so that the larynx becomes near nor- 
mal. The larynx should be observed care- 
fully at frequent intervals in order to de- 


RADIATION EFFECT ON NORMAL LARYNX 


termine that the changes induced in the 
larynx as a result of radiation therapy 
do subside as the normal tissues heal. À 
certain amount of residual changes, con- 
sisting of some hyperemia and slight 
edema, is to be expected. Monthly ob- 
servation of such patients will demon- 
strate that in the majority of them, such 
changes gradually subside and improve 
steadily with the passage of time. It 
has been my observation that when the 
neoplasm has been eradicated and re- 
mains eradicated, the laryngeal struc- 
tures and laryngeal function return to 
normal or near normal. Some larger le- 
sions, and those which involve trans- 
glottic structures as well as the hypo- 
pharynx, are more likely to result in 
permanent distortion and impairment of 
mobility as well as persistent edema. 
heappearance or increase in edema or 
any of the signs and symptoms discussed 
herein should be considered as pos- 
sible and probable recurrence of the 
neoplasm rather than radiation-induced 
changes alone. The dilemma of the 
laryngologist is that persistent or recur- 
rent carcinoma may exist hand in hand 
with the radiation necrosis. The proving 
of recurrent carcinoma in such instances 
is frequently a difficult and frustrating 
task. Furthermore, repeated diagnostic 
intralaryngeal forays may result in con- 


verting edema and ischemic fibrosis in- 


to frank necrosis. 


Incidence. It is very difficult to de- 
termine the true incidence of radiation 
necrosis of the larynx owing to the 
above described factors. The presence 
of persistent or recurrent carcinoma in 
a radiated larynx leads to necrosis of 
the tumor itself as well as adjacent ra- 


diated tissues as the tumor infiltrates : 


them. Even the skilled laryngologist has 
difficulty in such instances in determin- 
ing the optimum site of biopsy for his- 
tologic diagnosis of suspected tumor. Be- 
cause severe edema has been described 
as a complication of radiation thera- 
py and has been included in some fig- 
ures with actual necrosis of tissues as 
well as recurrent and persistent 
tumor,^? no true incidence of this com- 
plication can really be established. At 
the University of Miami School of Medi- 
cine and Jackson Memorial Hospial 
Medical Center, we have experienced 
approximately 12% serious reactions sec- 


TABLE 1. SEVERE RADIATION 
REACTIONS OF THE LARYNX IN 
UNSELECTED SERIES OF PATIENTS 
TREATED FOR CARCINOMA OF LARYNX 
AND HYPOPHARYNX 








Number of patients treated 122 
Grade III reactions 13 
Grade IV reactions 2 
Deaths i 1 
Incidence of complications + 122 


ondary to radiation therapy. Some of 
these were assóciated with recurrent 
and persistent tumor (Table 1). 


Classification and Grading System. 
Most of the acute side effects and re- 
actions of the normal tissues subside 
within three months following conclu- 
sion of therapy. In the event that the 
tumor has not disappeared by six weeks, 
or significant residual abnormality of the 
larynx remains, then persistent tumor 
should be suspected and proven by 
histologic examination of appropriate 
biopsy specimens, and appropriate sur- 
gical therapy instituted promptly. In 
most instances, this would consist of a 
total laryngectomy. If the neoplasm has 
disappeared, a similarly careful assess- 
ment of what might be called the post- 
radiation therapy state of the larynx 
should be determined. Depending upon 
the size of the original lesion, the 
amount of radiation therapy delivered, 
and size of fields, one can expect a var- 
iable number of residual changes and 
symptoms. I propose that these be grad- 
ed by a system of Roman numerals, I 


‘through IV reserving 0 for the normal 


appearing larynx with no symptoms 
(Table 2). The postradiation therapy 
state should be assessed at regular in- 
tervals thereafter and assignment to var- 
ious grades made accordingly. 


In grades I and II would be:those pa- 
tients with slight to moderate symptoms 
and changes on clinical examination of 
the larynx. They would be the expected 
side effects of the radiation therapy and 
are due to the permanent damaging ef- 
fects of the ionizing radiation therapy 
on normal tissues. No treatment is indi- 
cated. Patients with more extensive 
changes are assigned to grades III and 
IV. These are considered complications 
of radiation therapy. Assignment of any 
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TABLE 9. GRADING SYSTEM FOR RADIATION REACTIONS OCCURRING IN THE 
LARYNX AND LARYNGOPHARYNX 











Grade? Symptoms Sign Treatment 

0 None None None 

I Slight hoarseness; slight Slight edema; telangiectasis None 
dryness 

Il Moderate hoarseness; Slight impairment of cord mobility, None 
moderate dryness moderate edema and erythema 

III Severe hoarseness with Severe impairment or fixation of at Steam; 
dyspnea; moderate least one vocal cord, marked edema, antibiotics 
odynophagia and dyspha- skin changes 
gia 

IV Respiratory distress; se- Fistula, fetor oris, fixation of skin to Tracheot- 
vere pain; severe odyno- the larynx, laryngeal obstruction, omy and/or 
phagia; weight loss; de- edema occludes the airway, toxicity laryngec- 
hydration; fever tomy 


*Grades I and II are expected side effects of radiation therapy delivered in therapeutic 
amounts to this region whether or not it is the site of the lesion receiving treatment. Grades 


III and IV are complications. 


patient to a higher group with the pas- 
sage of time suggests progressive radia- 
tion damage and/or recurrence of the 
neoplasm. These should be considered 
complications of therapy. They consist 
mostly of edema and fibrotic changes 
in the less severe reactions and of frank 
necrosis in the more severe. 


I have found this grading system to 
be practicable and have employed it 
with success for the past two years in 
this medical center. Classifying in a ret- 
rospective fashion an unselected group 
of patients with carcinoma of the larynx 
and hypopharynx treated for cure in the 
past eight years, we have experienced a 
total of 13 grade III reactions and 2 
grade IV reactions. One of the latter 
died as a result of extensive uncontrolled 
necrosis involving all tissues of the neck 
including the vertebrae and carotid ar- 
teries following laryngectomy (Table 1). 


Treatment. No treatment at all is re- 
quired or suggested for grades 0, I and 
II. Those patients with grade III reac- 
tions should be treated with humidity 
and steam inhalations, culture and sen- 
sitivity studies, appropriate antibiotics, 
steroids in the absence of frank infection 
or necrosis, and in general, with suppor- 
tive and expectant therapy. Hyperbaric 
oxygen therapy may reverse a progres- 
sive change in the absence of neo- 
plasm.^? 


Those patients who develop frank ne- 
crosis require aggressive surgical thera- 
py including tracheotomy. Because of 
the difficulty in proving or disproving 


the presence of carcinoma, total laryn- 
gectomy with or without histologic proof, 
is frequently indicated. In this group of 
patients, the larynx frequently becomes 
totally useless and incompetent. A tra- 
cheotomy is necessary with its resulting 
problems of hygiene. Aspiration through 
an incompetent glottis may lead to 
pneumonitis, fever, inanition and debil- 
ity. Marked pain interferes with nutri- 
tion and uncontrolled necrosis of tissues 
invites extension into adjacent tissues, 
including great vessels. Useful speech is 
lost in such patients as total glottic ob- 
struction frequently results from marked 
edema of surrounding tissues. In addi- 
tion, the necessity of a cuffed tracheot- 
omy tube to decrease the hazards of as- 
piration also impedes useful phonation. 


DISCUSSION 


The laryngologist is devoted to pre- 
serving the larynx and its function. Con- 
sequently, the concept of extirpating the 
human larynx in the absence of definite 
histologic proof of cancer is anathema. 
In the absence of such proof, conserva- 
tive treatment of radiation fibrosis and 
even early necrosis is suggested. Voice 
rest, steam, increase in humidity, appli- 
cation of local heat, culture and sensitiv- 
ity studies with specific antibiotic thera- 
py if possible, and even steroids have 
been reported as being beneficial. There 
seems to be a place for hyperbaric oxy- 
gen therapy although its general una- 
vailability limits its usefulness. Conserv- 
tive operative procedures consisting of 
removal of the necrotic cartilage and 


RADIATION EFFECT ON NORMAL LARYNX Z 513 


other tissues has been advocated.” Occa- 
sionally, the necrotic tissues slough and 
the process is self-limited. One instance 
in which this occurred resulted in a lar- 
yngocutaneous fistula. The fistula was 
subsequently repaired by local rotation 
flaps with preservation of laryngeal 
function.? Inasmuch as frank necrosis is 
precipitated by bacterial infection in 
traumatized tissue with greatly reduced 
healing powers, one should not lightly 
undertake vigorous surgical manipula- 
tions of nonulcerated, heavily irradi- 
cated tissues.^ However, in spite of this, 
it has been advocated that earlier and 
frequent biopsies be performed because 
of the high incidence of residual carci- 
noma in such patients.’ Multiple biop- 
sies are advocated by others.! The fre- 
quent presence of recurrent carcinoma 
with, or masqueraded by, radiation ne- 
crosis has been emphasized.* Delay in di- 
agnosis results in a poor prognosis for 
these patients. 


I recall a 72-year-old male who had 
been treated three years previously with 
cobalt teletherapy for a right glottic le- 
sion. He did well for two years, then de- 
veloped progressive hoarseness, odyno- 
phagia, 9.10 kg weight loss, local pain 
and finally a laryngeal fistula and a 
malodorous, objectionable, purulent dis- 
charge. Three previous laryngoscopic 
procedures and biopsies had failed to 
confirm the presence of recurrent neo- 
plasm. Progressive dyspnea and the ad- 
vice of yet another laryngoscopy, biopsy 
and tracheotomy prompted consultation. 
In lieu of tracheotomy, etc, I advised a 
total laryngectomy which was per- 
formed forthwith. Convalescence was 
prompt and a grateful patient was the 
result. Histologic examination of the sur- 
gical specimen revealed extensive radia- 
tion necrosis of soft tissues and cartilage 
but no residual tumor. 


Another example is that of a 17-year- 
old male who was seen in consultation 
l% years following radiation therapy for 
a carcinoma of his left vocal cord. After 
one year of doing relatively well, he de- 
veloped local pain and tenderness, in- 
creasing hoarseness, odynophagia and 
dvsphagia. Two previous attempts at bi- 
opsy and confirmation of recurrent tu- 
mor had resulted only in reports of ne- 





*Richardson R: Personal communication. 


crotic tissue. Examination of his larynx 
revealed marked distortion of all struc- 
tures, a marked fetor oris, and a margi- 
nal airway. There was redness and fixa- 
tion of the skin over the larynx, and 
marked tenderness on motion of all lar- 
yngeal structures. Because of his age, 
confirmation of the diagnosis of recur- 
rent carcinoma was suggested. Again 
this was unsuccessful A tracheotomy 
had been necessary and laryngectomy 
was then advised. The patient and his 
parents refused and sought additional 
consultation. Another biopsy elsewhere 
was positive only for necrotic tissue. A 
laryngeal fistula appeared and the pa- 
tient sustained a weight loss of 6.85 le 
A very difficult operative procedure was 
then performed at which time the larynx 
and adjacent tissues in the left side of 
his neck were removed. A control fistula 
failed to avoid subsequent necrosis of 
soft tissues and a carotid blowout. He 
survived this and the half-dozen surgical 
procedures necessary to restore continu- 
ity of his pharyngoesophageal tract and 
remains well, free of disease ten years 
after his surgery. 


Two other patients in my own experi- 
ence with the past 18 years have died as 
the result of extensive necrosis of carti- 
lage, bone and soft tissues of the larynx. 
Neither had carcinoma and both died as 
a result of carotid blowouts following a 
complicated postlaryngectomy surgical 
course. 


Delay in diagnosis of recurrent carci- 
noma following radiation therapy may 
decrease the otherwise excellent chance 
of surgical salvage. Prompt recognition 
is important in maximizing the salvage 
rate. Furthermore, it may provide the 
opportunity for conservation surgery in 
selected instances. The changes secon- 
dary to radiation fibrosis may obscure 
recurrent carcinoma for a while. Frank 
necrosis renders the diagnosis of recur- 
rent carcinoma even more difficult. The 
changes of radiation fibrosis are perma- 
nent. Occasional exacerbations of the 
signs and symptoms of radiation fibrosis 
precipitated by upper respiratory tract 
infections or local trauma may be re- 
versed by appropriate conservative ther- 
apy as discussed previously. On the oth- 
er hand, when frank necrosis has occur- 
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red, return of laryngeal function is not 
likely. In addition, local pain and ten- 
derness interfere greatly with the pa- 
tient's quality, of life. Progressive laryn- 
geal obstruction may require a tracheot- 
omy. Pain on swallowing leads to weight 
loss and inanition. Local discomfort be- 
comes progressively more severe. Pro- 
gressive changes interfere with phona- 
tion. Because of loss of laryngeal func- 
tion in protecting the lower airway, a 
cuffed tracheotomy tube is frequently 
necessary to avoid aspiration and in it- 
self prevents the use of the voice. To de- 
lay extirpation of an irreversibly crip- 
pled larynx until histologic proof of can- 
cer has been secured allows progression 
of necrosis and infection and invites dis- 
aster. In addition, it permits unchecked 
growth of the concomitant neoplasm, if 
present, and may result in uncontrollable 
distant metastases. For all of these rea- 
sons, I suggest that a laryngectomy is 
the treatment of choice. This will elimi- 
nate all of the above symptoms and at 
the same time remove any carcinoma 
present. It is appropriate and definitive 
treatment and can result in the saving 
of much human misery. 


JAMES R. CHANDLER 


SUMMARY 


Therapeutic radiation therapy for car- 
cinoma of the larynx always results in 
some damage to the normal tissues. This 
damage may be slight and inconsequen- 
tial. More extensive damage results in 
hyperemia and edema of laryngeal struc- 
tures. Severe damage is manifested by 
more edema, limitation of laryngeal 
function and respiratory obstruction. 
Frank necrosis of cartilage and soft tis- 
sues supervenes with added infection or 
with more extensive damage. Severe re- 
actions obscure the diagnosis of concom- 
itant persistent or recurrent tumor. 


A system of classifying such radiation 
therapy damage and reactions of the 
larynx is proposed wherein grade 0 is 
considered normal. Minor and intermedi- 
ate changes are classified in grades I and 
II. Grade III consists of fibrotic changes 
and requires specific conservative treat- 
ment. Grade IV requires surgical man- 
agement. Because of the frequent con- 
comitant presence of recurrent carcino- 
ma, positive histologic proof is not ne- 
cessary prior to the indicated procedure 
of total laryngectomy. 
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BILATERAL HYPOGLOSSAL NERVE PARALYSIS AFTER 
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WirLLIAM H. SAuNpERs, MD 


SHEILA E. Hopcson, MD 


CoLUMBUS, OHIO 


Cancericidal doses of irradiation therapy to the head and neck may be followed by paraly- 


sis of cranial nerves due to fibrosis of tissue about 


the nerves and infiltration of the nerves 


with fibrous tissue. The hypoglossal nerve is particularly prone to this delayed effect of irradia- 
tion therapy and a case is presented here in which there was bilateral hypoglossal paresis ap- 


pearing three years after therapy. 


Patients with malignant disease of the 
head and neck, especially the naso- 
pharynx, who are treated with irradia- 
tion therapy and then later develop a 
cranial nerve palsy usually prove to have 
recurrence of their malignancy, and die 
of that disease. Although peripheral and 
cranial nerves are generally considered 
to be relatively radioresistant and are 
not commonly injured even when large 
doses of radiation are delivered, neural 
injury may be produced by cancericidal 
doses of irradiation. Thus it is necessary 
to distinguish between these two caus- 
es of cranial nerve palsy after treatment 
of malignant lesions of the head and 
neck by radiotherapy. 


Necrosis of the brain due to radiation 
therapy and radiation myelopathy of the 
spinal cord have been reported sporad- 
ically for several decades.'? In addition 
to the spectacular and irreversible trans- 
verse lesions of the spinal cord, fortun- 
ately uncommon, milder symptoms such 
as paresthesia and weakness of the ex- 
tremities are common, though they often 
go unnoticed because of concomitant 
and more taxing symptoms. Taken to- 
gether one author gives a total incidence 
of 2.4% for spinal cord injuries in patients 
subjected to intense irradiation. In the 
milder reversible cases, symptoms usual- 
ly appear three to six months after com- 
pletion of irradiation. They tend to be 
aggravated by flexion of the neck 
(Lhermitte's sign) which may produce 


an electric shock-like paresthesia in the 
extremities. 


The following report describes a pa- 
tient who, 35 years after completing ir- 
radiation therapy, developed bilateral 
hypoglossal nerve paresis, the first re- 
port of a bilateral instance. 


In 1974, a 26-year-old Caucasian male 
discovered a mass in his upper neck 
which was biopsied and reported as un- 
differentiated squamous carcinoma. 
Later, nasopharyngeal examination 
showed a primary lesion predominantly 
on the left side. Another biopsy here was 
reported as lymphoepithelioma. There 
were no cranial nerve palsies and, other 
than the large neck mass and two small- 
er adjacent masses, there was no evi- 
dence of regional or distant metastatic 
disease. 


The patient was entered in a national 
clinical trial to investigate the value of 
split-course radiation versus continuous- 
course radiation. His case was random- 
ized to receive the split course. This 
regimen was planned to deliver a tumor 
dose of 6000 rads in 20 fractions, with a 
three-week break after the first ten frac- 
tions. Overall treatment time was to be 
49 days. The patient was treated from 
February 14 to April 12, 1974, and re- 
ceived a midplane tumor dose of 6000 
rads in 56 elapsed days (1,925 rets). A 
4 meV linear accelerator was used with 
equally loaded parallel opposed fields. 


From the Departments of Otolaryngology and Radiology, The Ohio State University, Colum- 


bus, Ohio. 


Presented at the meeting of the American Laryngological Association, Los Angeles, Cali- 
979. 


fornia, April 1-2, 1 


515 


516 





Fig. l. Maximum protrusion of tongue. 
Tip barely reaches lower gingiva. 


Fields 12x20 cm were used, covering the 
nasopharynx and cervical region. The 
fields were reduced to 6x11 cm after 
ten treatments to avoid the spinal cord, 
and a single anterior field was added to 
treat the lower neck and supraclavicular 
area, using a midline shield for the 
spinal cord. The patient had a severe 
mucosal reaction after ten treatments, 
which subsided during the three-week 
break. After five treatments of the sec- 
ond series, treatment was again discon- 
tinued for ten days because of mucosal 
reaction, severe difficulty in swallowing 
and weight loss of 6.8 kg. The patient 
lost a total of 10.4 kg during the entire 
treatment course. Immediately following 
the radiation, he had severe xerostomia 
and loss of taste, but after one year 
these symptoms were gradually improv- 
ing. 


After his irradiation therapy the pa- 
tient did well and worked full-time un- 
til September 1977, a period of 3% years. 
Then he began to complain of severe 
right-sided neck, jaw and ear pain re- 
quiring codeine for relief. The pain last- 
ed two months, then cleared completely, 
but was followed in December 1977 by 
fasciculation and weakness of the side of 
the tongue. The patient complained he 
no longer could whistle. Three months 
later both sides of the tongue were 
paretic. 


The patient was readmitted to the 
hospital for thorough neurological and 
diagnostic radiologic examination. All 
was clear except for the clinical finding 
of bilateral hypoglossal paresis which 
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was confirmed by an electromyographic 
examination showing “bilateral severe 
paralysis of tongue. Our diagnosis was 
bilateral hypoglossal nerve atrophy after 
irradiation therapy (Fig. 1). 

Various writers attribute nerve palsies 
after irradiation to perineural fibrosis 
rather than to any direct effect on the 
nerve itself. Thus, consideration was 
given to decompression of one or both 
hypoglossal nerves which, we assumed, 
were imbedded in and infiltrated with 
scar tissue. No surgery was done and the 
patient was treated instead with a two- 
week course of prednisone which did 
not help. The tissue of the neck remain- 
ed firmer than normal but never was 
“woody” or stiff. The patient has contin- 
ued to work and hold his weight and has 
no evidence of local or metastatic dis- 
ease more than five years after his 
course of irradiation therapy. He speaks 
reasonably distinctly but does have 
trouble with mastication and swallowing 
of solids. 

DISCUSSION 


The hypoglossal appears to be the 
most frequently affected of the cranial 
nerves atter exposure of the neck to 
irradiation therapy. Bataini et al report- 
ed the first instance of injury to the 
hypoglossal nerve in 1974,° followed by 
four case reports of unilateral paralysis 
by Cheng and Schultz in 1975.* An ad- 
ditional 16 unilateral isolated hypo- 
glossal nerve paralyses were reported 
by Berger and Bataini? who also report- 
ed 3 others ( making a total of 19 hypo- 
glossal paralyses), in which paralysis of 
the hypoglossal nerve was associated 
with 10th, or 10th and llth nerve pa- 
ralysis. In their patients irradiation dos- 
age to the nerve varied from 6,250 rads 
in 41 days to 10,000 rads in 43 davs. The 
interval between irradiation therapy 
and onset of paralysis in their cases 
tended to be significantly greater than 
in our case, and ranged from 3 years to 
as long as 12 years. The authors note, 
however, that the exact time of onset of 
the paralyses often was unknown. In 
the report by Cheng and Schultz* the 
interval between therapy and paralysis 
(four patients) was from six to nine 
years. Thus it seems unlikely for cranial 
nerve palsy resulting from irradiation 
therapy to appear in less than three 
years. 
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Paralysis or injury of other cranial 
nerves is reported much less frequently 
than hypoglossal injury. Optic nerve 
damage is reported four times,^" abduc- 
cens damage once,’ eighth nerve dam- 
age as manifested by sensorineural 
hearing loss in 11 cases,*?^ vagus nerve 
alone in 3 cases? and in a combination 
with nerves XI and XII in six cases.’ 
Speiss' described an instance of llth 
and 12th nerve palsies. 


Laurent? described four cases of fem- 
oral nerve compression with paresis of 
the quadriceps muscle caused by radio- 
therapy. Earlier, similar lesions in the 
upper extremities had been described 


and attributed to compression of the 
brachial plexus after irradiation therapy 
for cancer of the breast.**-!° Laurent’s 
report also is of interest because he des- 
cribes pain as the first symptom followed 
by loss of quadriceps strength some 
months later. This also was the sequence 
in our case of bilateral hypoglossal 
nerve paresis in which pain was the 
most dramatic symptom until it resolved 
spontaneously after two months. In one 
of Laurents cases a decompression of 
the femoral nerve was performed and 
the nerve found to be compressed by 
scar tissue. The operation did not im- 
prove the paresis but did relieve the 
pain. 
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CHOLESTEATOMA OF THE FRONTAL AND ETHMOID AREAS 
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Cholesteatomas .of the frontoethmoid region must always be considered in the differential 
diagnosis of a mass in the frontoethmoid region. A painless, slow-growing mass, often accom- 
panied by proptosis and diplopia, but without history of trauma or infection, should make one 
suspect of this pathologic entity. Although histologically a benign lesion, the keratinizing squa- 
mous epithelial lining will continue to desquamate and expand, leading to erosion of surround- 
ing structures which could be life-threatening. In order to prevent recurrence, complete remov- 
al of the cyst lining is mandatory. Cosmetic reconstruction, often requiring obliteration of the 
'surgical cavity, should be delayed for one year to insure against recurrence of the covering of 
active squamous tissue adjacent to dura, cribriform plate or ocular structures. 


a 


. Whereas cholesteatomas in the tem- 
poral bone are well known to otolaryn- 
gologists, the world literature reports 
only 23 cases involving the frontal and 
ethmoid regions. We report four addi- 
tional cases histologically documented in 
the past nine years at Rush-Presbyter- 
ian-St. Luke's Medical Center. Two of 
these involved the frontal sinuses, one 
the frontal bone alone, and one the eth- 
moid sinus with extension into the nasal 
cavity and sphenoid sinus. 


HISTORIC ASPECTS 


In addition.to involving the temporal 
bone and frontoethmoid area, cholestea- 
tomas may occur in the cranium, skin, 
breast, kidney and central nervous sys- 
tem. First described by Cruveilhier in 
1829! as a “pearly tumor" by virtue of 
its highly refractive and nodular surface, 
the actual term cholesteatoma was intro- 
duced by Müller in 1833? because of the 
presence of cholesterol crystals.” Critch- 
ley and Ferguson proposed that the 
term “epidermoid” more suitably con- 
veyed the epithelial character of the 
growth.‘ 


In 1916 Haeggstrom first reported a 
frontal- sinus cholesteatoma which pro- 
duced proptosis and diplopia. Spencer, 
in 1930, described a slowly growing epi- 
dermoid of 20 years’ duration involving 


the right frontal sinus, ethmoid and or- 
bit. This lesion recurred eight years fol- 
lowing surgery, and squamous cell car- 
cinoma was found at the second oper- 
ation.* Coates, in 1937, presented a sin- 
gle case report with an addendum by F. 
Woodward.’ Recent literature contains 
isolated case reports by Calcaterra and 
Schwartz? and Holt et al? Involvement 
of the frontal bone associated with intra- 
cranial and intradiploic epidermoids is 
described in some neurosurgical litera- 
ture. 
PATHOGENESIS 

Four basic theories of pathogenesis 
may explain the development of these 
slow-growing lesions. The most accep- 
table is that of congenital origin from 
epithelial remnants aag from the 
neural groove closure during the fifth 
embryonic week. Cholesteatomas often 
develop where two ectodermal surfaces 
fuse together, when an ectodermal im- 
plant which may proliferate is retainet] 
deep to the surface. Remak in 1854,!° 
and Bucy in 1935," proposed that epi- 
dermoids are probably neural ectoder- 
mal remnants which incompletely sep- 
arated from the surface ectoderm. When 
these remnants are deposited between 
two ectodermal structures such as the 
brain and the skin, epidural, intradi- 
ploic, and epicranial tumors are formed. 


Secondary vesicles, particularly the op- 
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tic and otic vesicles, develop at about the 
fifth week of embryonic life, and it is 
possible that misplaced cell nests are 
related to the laterally located epider- 
moid tumor. The orbital region is a com- 
mon site for cholesteatoma. Inclusion of 
epithelial remnants at the time of devel- 
opment of the optic vesicle constitutes 
a likely explanation of the origin. The 
frontal sinus develops within the diploic 
space, and hence alterations in the pneu- 
matization process or retention of dis- 
placed epithelial nests in the frontal 
sinus may explain the development of 
intrasinal cholesteatomas. Rand and 
Reeves? felt that, depending on the 
depth of the layer or the age of the 
embryo at the time of inclusion, an epi- 
dermoid or a dermoid might develop. 
An epidermoid arises if only the squam- 
ous epithelium is included in the in- 
clusion. However, when the fetal inclu- 
sions contains ectodermal epithelium in 
addition to mesodermal corium with its 
connective tissue, fat cells, sebaceous 
glands and hair follicles, a dermoid cyst 
OCCUIS. 


The second theory, that of implanta- 
tion as proposed by Ewing," states that 
a cholesteatoma arises secondarily to 
direct entry of epithelium at the time of 
trauma. Cholesteatomas have been re- 
ported at the site of previous injury or 
following nasal or sinus surgery. The 
epithelium, if viable, will continue to des- 
quamate and form an expanding, de- 
structive cyst. The observation that intra- 
spinal cholesteatomas have developed 
incidental to introduction of skin from 
repeated intrathecal injections of strep- 
tomycin for meningeal tuberculosis sup- 
ports the theory. 


Habberman, in 1888,!* postulated the 
“immigration theory,” stating that a cho- 
lesteatoma may form in the ingrowth of 
keratinizing epithelium from the sur- 
face. This is most likely in tympanomas- 
toid cholesteatomas’ but in the frontal 
and ethmoid sinus the epithelium would 
have to migrate from the nasal vestibule, 
resulting in an intranasal tract of epi- 
dermis. 


The metaplasia theory that respiratory 
epithelium changes to squamous epithel- 
ium in response to chronic infection with 
suppuration has been demonstrated. 
Most instances of cholesteatoma report- 
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ed in this region, however, do not ex- 
hibit a history of infection ,6r sinusitis.” 


PATHOLOGY 


An epidermoid has a white glistening 
capsule which may be very thin and fri- 
able. Histologically, the capsule has 
three normal layers of epidermis: the 
strata germinativum, granulosum, and 
corneum. The epithelial layer, in turn, 
overlies a layer of, connective tissue 
which may contain portions of the mu- 
cosa and inflammatory cells.'? This basal 
layer also may be vascular and adherent 
to the dura. 


Desquamation accounts for the lam- 
ellar structure, and expansive growth of 
the cyst. Degenerating epithelium with- 
in the cyst initiates a foreign body re- 
action characterized by the presence of 
giant cells, fatty degeneration, hemo- 
siderin, cholesterol crystal formation and 
fibrosis. Bone erosion accompanying this 
tumor is consequent upon expansive 
pressure and enzymatic digestive ac- 
tivity in the connective tissue base. 


Epidermoids are slow-growing asymp- 
tomatic lesions. Patients seek medical 
advice because of facial deformity pro- 
duced by enlargement of the mass and 
its extension to adjacent structures. 
Frontal, nasal, and/or orbital rim swell- 
ing are the usual presenting symptoms. 
Often proptosis secondary to downward 
pressure by the cyst, prompts the pa- 
tient to seek medical attention. As the 
globe is depressed there may be limita- 
tion of upward gaze, followed by dip- 
lopia and eventual reduction of visual 
acuity.’ Facial pain, frontal headache. 
and central nervous svstem symptoms of 
increased intracranial pressure are in- 
frequent, since the cyst tends to expand 
outward. A history of frontoethmoid 
trauma, surgery or infection should be 
sought in the attempt to eliminate more 
frequent lesions, such as mucoceles or 
neoplasms. 


CASE REPORTS 


Case 1. A 65-year-old Caucasian male pre- 
sented in February 1969 complaining of prop- 
tosis of the left eye, of ten years’ duration. It 
had progressed to where he now complained 
of diplopia. There was no history of trauma 
or surgerv to the area. There was a 2.5 cm 
firm swelling overlying the left lateral orbital 
rim, which was intact to palpation. Radio- 
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Fig. 1. 
sclerotic margins involving left supraor- 
bital region which proved to be a chole- 
steatoma communicating with the frontal 
sinus. 


(Case 1) Lytie lesion with 


graphs revealed a mass in the left frontal si- 
nus with smooth margins extending beyond 
the lateral margin of the sinus (Fig. 1). The 
tentative diagnosis was a frontal sinus muco- 
cele. 


‘He underwent a left sinus and supraorbital 
exploration via a brow incision with planned 
osteoplastic flap. On elevating the skin and 
periosteum, a.2 cm white cystic mass was en- 
countered. This connected directly with the 
frontal sinus through a bony defect in the an- 
terior wall, and eroded the superior orbital 
rim contacting the periorbital fat. The sac 
contents were drained of thick brown fluid 
and cheesy white material. 


The entire sac lining and osteitic bone in- 
volving the lateral edge and anterior wall of 
the left frontal sinus were removed. No at- 
tempt at bony reconstruction or obliteration 
of the left frontal sinus was performed. Post- 
operatively, vision and eye mobility were with- 
in normal limits, and there was no proptosis. 
At present there is a slight bony defect in the 





(Case 1) Surgical specimen 


Fig. 2. 
showing cholesterol crystals with keratin 
debris. 
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Fig. 3. (Case 2) Soft swelling involv- 
ing inner canthus of right eye and ex- 
tending to nasal bridge. 


left lateral supraorbital rim which is of in- 
sufficient deformity to warrant further sur- 
gery. There has been no evidence of recur- 
rence over the past ten years. 


A cholesteatoma marked by cholesterol crys- 
tals, keratin debris and a lining of keratinizing 
squamous epithelium with a connective tissue 
base, was seen histologically (Fig. 2). 


Case 2. A 48-year-old Caucasian male pre- 
sented in June 1972 because of an enlarging, 
painless swelling of three months’ progression, 
over the medial aspect of the right eye. There 
was no prior trauma or inflammation in the 
area, but there had been intranasal surgery at 
age 25 for nasal obstruction. The operative re- 
port was unavailable. 


On physical examination there was a 1 x 1 
cm painless swelling with an area of central 
fluctuance between the inner canthus of the 
right eye and the nasal bridge (Fig. 3). The 
orbital rim and frontal bone were intact to 
palpation. Intranasal examination revealed a 
right superior cartilaginous septal deviation, 
Sinus tomography revealed a destructive lesion 
in the right ethmoid with smooth edges and 
possible erosion of the cribriform plate. A 
dacryocystogram was within normal limits. 
Aspiration of the mass prior to admission was 
noncontributory to diagnosis. 


In May 1972 the area was explored via a 
right lateral rhinotomy. On elevating the peri- 
osteum over the right nasal bone and ethmoid, 
a green fluid-filled mass was encountered ex- 
tending from the ethmoid sinus and lamina 
papyracea into the nasal cavity with destruc- 
tion of the right lateral nasal wall. This mass 
also invaded the nasal septum and spread 
into the left nasal cavity. It extended posterior- 
ly. partially destroying the anterior wall of the 
sphenoid sinus and extended to but not 
through the cribriform plate. The mass was 
decompressed and removed, along with its 
lining membrane. Histologic diagnosis was 
cholesteatoma with a keratinizing squamous 
epithelial lining, marked foreign body reac- 
tion, and cholesterol granulomas. Routine fol- 
low-up examinations have revealed no evi- 
dence of recurrence. 


Case 3. A 46-year-old Caucasian male was 
admitted for evaluation of back pain and in- 
termittent frontal headache. Skull radiographs 
revealed a lytic lesion in the right frontal si- 
nus. The possibility of metastatic hypernephro- 
ma was ruled out. 


Examination showed mild asymmetry of the 
right forehead, with a firm protuberance above 
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Fig. 4. (Case 3) Sac wall composed of 


keratinizing squamous epithelium and 


marked foreign body reaction. 


the right eyebrow. There was no history of 
sinusitis, frontal trauma or ocular disturbance. 


Exploration of the right frontal sinus via a 
right osteoplastic flap was contemplated. How- 
ever, elevation of the periosteum from the an- 
terior sinus wall revealed the bone to be ex- 
tremely thin. Inferiorly there was erosion of 
the roof of the right orbit. Upon removal of 
this osteitic bone, a large mass containing 
caseous material was uncovered. This lesion 
was excised together with the mucosal lining 
of the right frontal sinus. The nasofrontal duct 
was uninvolved and patent. The sinus was 
packed with Gelfoam® and the bony defect 
not repaired. Histologic diagnosis was a kera- 
tin-filled cholesteatoma (Fig. 4). 


Case 4. A 36-year-old male was first seen 
in consultation by the ophthalmologists in Au- 
gust 1978. In November 1977 a mass had been 
removed from the right orbital rim after ra- 
diographs revealed a dense mass in the right 
frontal bone. Vision at that time was 20/400 
without correction. 


The patient had complained of swelling in 
the area for many months prior to his first op- 
eration but did not pursue the matter until 
October 1977 after he had been struck in the 
right eye. At the time of his original surgery 
there was marked ecchymosis over the upper 
eyelid. The initial impression was an orbital 
tumor radiographically consistent with eosino- 
philic granuloma. Following exploration via a 
superior eyelid incision, a cavity was found, 
filled with chocolate-colored fluid, represen- 
ting old hematoma. The tissue lining was not 
removed. Histologically there were cholesterol 
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Fig. 5. (Case 4) Plain x-ray of osteo- 
lytic lesion with right orbital rim erosion. 


granulomas, an old hematoma, and a giant 
cell reaction. Since surgery, he had complained 
of periodic drainage from the incision line 
with a slight increase in proptosis. 


Examination revealed a 1 x 1 cm fistula just 
beneath the right eyebrow in the midline, with 
a sequestrum of bone protruding through the 
right upper lid laterally. Intranasal, nasophar- 
yngeal, and oral cavity examinations were 
within normal limits. There was no diplopia, 
and visual acuity remained at 20/400. Sinus 
tomography revealed a well-defined ostealytic 
lesion with a sclerotic border involving >the 
right supraorbital area, with destruction of 
the orbital rim and extension throügh the roof 
of the orbit (Fig. 5). A small bony density 
protruded into the cystic area and was thought 
to represent a sequestrum. Culture of the 
drainage revealed a coagulase-positive staphy- 
lococci. Cephalosporin therapy resulted in ces- 
sation of the drainage but the proptosis re- 
mained unchanged. 


On August 28, 1978 an exploration of the 
right frontal bone and right orbit revealed a 
dense mass containing an old ophthalmologic 
sponge. On elevation of the periosteum over 
the superior orbital rim a bony defect was dis- 
covered which extended approximately 2 cm 
superiorly, with surrounding osteitic bone. A 
cystic mass beneath the bony defect contained 
caseous material. A further defect in the in- 
ferior margin revealed orbital fat and muscles. 
Removal of the sac showed that the posterior 





Fig. 6. 
resulting from erosion 
bone by cholesteatoma. 


(Case 4) Exposed dura (arrow) 


of right frontal 
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wall of the fróntal bone had been eroded, and 
there was 2d x 2, cm area of exposed dura 
(Fig. 6). The sac was totally stripped -from 
this area, and the remaining osteitic bone cur- 
retted. There was no evidence of a spinal fluid 
leak. Gelfoam placed in the cavity covered the 
dura and orbital defect; 


Histologically there. wás a foreign body re- 
action within a keratinizing squamous cell 
lined cyst, plus extensive scarring and granu- 
lation tissue. The postoperative course was un- 
remarkable. 


Since the bony defect was cosmetically un- 
acceptable, subsequent reconstruction was 
planned in one year, barring recurrence. Un- 
fortunately, the patient was killed in an auto- 
mobile accident in December 1978. Examina- 
tion immediately prior to his accident revealed 
no evidence of infection or fistula. 


DISCUSSION 


Case reports 1 and 3 seem to support 
the theory of congenital origin of cho- 
lesteatoma when there is no prior his- 
tory of trauma, surgery, or infection. In 
case 2 there was nasal surgery 90 years 
prior to the diagnosis of cholesteatoma, 
with the nature of the procedure un- 
known. Either the implantation theory 
or the congenital theory could be im- 
plicated. 


Case 4 is confusing as to pathogenesis. 
Historically, a mass increased in size fol- 
lowing trauma and subsequent surgery, 
with infection and foreign body reaction. 
All four theories of pathogenesis might 
apply to the size and destruction pro- 
duced by this cholesteatoma. 


Diagnosis. The diagnosis of frontal or 
ethmoid cholesteatoma should be con- 
sidered in the presence of any painless 
soft swelling presenting in this area, with 
or without orbital displacement or ocu- 
lar dysfunction. Radiographic charac- 
teristics are osseous destruction with in- 
creased density of the smooth surround- 
ing margins. At times the bony margin 
may be irregular and more scalloped due 
to slow erosion of the bone. Intradiploic 
lesions may destroy the outer and inner 
tables of the frontal bone producing a 
sequestrum-like or honeycombed ap- 
pearance.!* 


Other slow-growing lesions in the 
frontal and ethmoid regions must be 
considered in the differential diagnosis. 
The most common painless growth 
which will produce bone erosion and 
orbital proptosis is the mucocele. Char- 
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acteristically the radiograph will demon- 
strate sinus mucosal hypertrophy adja- 
cent to the mass, and a history of sinus- 
itis is often elicited from the patient. 
Chronic osteomyelitis of the frontal bone 
with a fistula may present a picture sim- 
ilar to cholesteatoma. 


Sebaceous cysts are the most common 
skin lesions causing swelling in this re- 
gion. Bony erosion is absent in this con- 
dition. A lipoma is less firm to palpation. 
An organized hematoma with fibrosis 
usually can be excluded by history. 
Osteomas are differentiated by dense 
calcification on x-ray. Fibromas in this 
region are rare, and surgery is needed to 
establish their presence. Dermoids will 
give identical presentations, and unless 
teeth or other mesodermal or ectodermal 
derivatives are seen on radiographs, 
pathologic diagnosis provides the dif- 
ferentation. Vascular abnormalities tend 
to be pulsatile and change dimension 
with head position. A lacrimal sac tumor 
can be differentiated by a dacrocys- 
togram. 


Malignant tumors in this area tend to 
grow more rapidly and often are as- 
sociated with pain. Rapid recurrence of 
an excised cholesteatoma must alert one 
to the possibility of an underlying ma- 
lignancy. 


Multiple systemic conditions may pre- 
sent as a frontal mass or as exophthal- 
mus. Thyrotoxicosis, pseudotumor of the 
orbit, leukemic infiltration, lymphosar- 
coma, and diffuse neurofibromatosis 
must be considered in the differential 
diagnosis. Syphilis can produce gumma 
formation involving the orbital apex or 
superior wall of the orbit.’ 


Treatment. 'The appropriate treat- 
of cholesteatoma is surgery. As empha- 
sized, it is important that the wall of the 
cyst, which is the only living, growing 
portion of the mass, be completely re- 
moved. This must be done to prevent 
recurrence; simple evacuation will not 
suffice, as seen in case 4. 


Cosmesis should be taken into consid- 
eration in the original surgical incision. 
A planned osteoplastic flap via a brow 
or coronal incision should be used in 
frontal bone or frontal sinus surgery. 
The ethmoid and intranasal area can be 
approached by a lateral rhinotomy. Ade- 
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quate visualization to insure complete 
removal is needed. If a bony deformity 
results, reconstruction should be post- 
poned until recurrence has been exclud- 
ed and there is less possibility of rejec- 
tion of any prosthetic material. 


In cases presented, complete removal 
or normal sinus mucosa with sinus ob- 
literation was not employed nor deemed 
necessary, due to the well-formed nature 
of the cysts and normal-appearing ad- 
jacent mucosa and patent frontal sinus 
ducts. Lack of infection in the three 
cases involving the frontal and ethmoid 
sinus was the factor recommending this 
nonobliterative approach. If the dura is 
involved, it should be repaired primarily 
or with a fascia graft. 


CONCLUSION 


Although literature on the subject is 
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sparse, cholesteatomas must ‘always be 
considered in the differential diagnosis 
of a mass in the frontoethmoid region. 
A painless, slow-growing mass, often ac- 
companied by proptosis and diplopia, 
but without history of trauma or infec- 
tion should make one suspect of this 
pathologic entity. Although histological- 
ly a benign lesion, .the keratinizing 
squamous epithelial lining will continue 
to desquamate and expand, leading to 
erosion of the surrounding structures 
which could be life-threatening. In or- 
der to prevent recurrence, complete re- 
moval of the cyst lining is mandatory. 
Cosmetic reconstruction, often requiring 
obliteration of the surgical cavity, should 
be delayed for one year to insure against 
recurrence or the covering of active 
squamous tissue adjacent to dura, cribri- 
form plate or ocular structures. 
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The collapsing upper lateral cartilage is an airway problem that admits to no ready solu- 
tion, such as the deviated nasal septum or deflected columella. It is my understanding from ex- 
perienced nasal surgeons that an attack directly on the upper lateral cartilage has not provided 
a solution, but in general makes the problem worse. A look at the nasal septal base by simul- 
taneous viewing of both nasal chambers may reveal a dimension of 1 cm or more. In that event, 
a fairly radical narrowing of the septal base in the plane of the pyriform crest by a subperi- 
osteal and subperichondrial approach with well-placed transfixion sutures can increase the air- 
flow across that plane. It has done so in eight patients. This operation is for the experienced 
nasal surgeon, or the otolaryngologist who has prepared himself by careful cadaver preexperi- 


ence. 


Patients with the complaint of an 
inadequate nasal airway which is re- 
stored to them are among the most grate- 
ful patients in otolarnygic practice. The 
submucus resection (SMR) of the nasal 
septum,- coupled with SMR of the in- 
ferior turbinate of one or both sides 
where indicated, is a very rewarding op- 
eration. It is relatively simple in execu- 
tion when properly done after adequate 
training, requiring not a great deal in 
terms of expense, discomfort, and hospi- 
talization on the part of the patient. The 
claim to such greater well-being on the 
part of the patient has a much more 
scientific basis today than the simple 
patient observation of a free nasal air- 
way. It has been demonstrated that 
when nasal breathing is severely im- 
paired, the PO. nocturnally is signifi- 
antly dropped and the PCO. rises. It 
cannot be otherwise that the nocturnally 
hypoxygenated organism functions less 
efficiently, in carrying out the demands 
of daytime living, whether they are 
phvsical or mental, than the euoxygen- 
ated organism. 


Patients with midnasal or posterior 
nasal obstruction have been well served 
by a variety of operations of established 
worth. Indeed, these operations are prov- 
en to the degree that they are among 
the earliest to be placed in the arma- 
mentarium of our trainees in otolaryn- 
gology. Far anterior obstruction how- 
ever is quite a different problem. I was 
taught early by my professors that the 


inhalation — especially forced inhalation 
— type of obstruction is one that is not 
solved by septal or turbinate surgery. 
This type, immediately relieved by 
placement and opening of the Vienna 
nasal speculum, is familiar to all oto- 
laryngologists. In that maneuver, the ob- 
servation may be made whether the im- 
proved airway is by virtue of elevation 
of the inferior or upper lateral cartilage. 
It is the upper that is virtually always 
at fault. This has been termed the “nasal 
valve" by rhinologists. It seems to me 
most reasonable that patients with noc- 
turnal hypoxemia due to upper lateral 
cartilage collapse with inability to com- 
pensate simultaneously for this by 
mouth breathing, would be less than op- 
timally productive during waking hours. 
Attributing the upper lateral cartilages 
to any greater crime than this however 
seems indefensible. 


The beach is littered with the wrecks 
of operations for correction of upper 
lateral cartilage collapse. Usually (but 
not invariably) the cartilage on visual in- 
spection appears to be rotated with its 
:'audal and cephalic edges extending de- 
pendently into the airstream, clearing 
the nasal septum by 1-2 mm. On seeing 
this, the surgeon is strongly tempted to 
solve the situation by trimming the edge 
to shorten the cartilage away from its 
proximity to the septum. Upon inquiry I 
was admonished by Jack Anderson and 
other rhinologic surgeons however, that 
this is exactly the wrong thing to do; one 
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Fig. 1. The examiner seldom examines 
both nasal chambers simultaneously; do- 
ing so reveals the sometimes surprisingly 
wide anterior septal base. 


is never to touch the upper lateral cartil- 
age in this disease or the situation will 
only be made worse. Anderson stated 
that his best course of action was to re- 
sort to what he called a "cheater" op- 
eration, that is, to divert the airstream 
along the floor of the nose rather than 
over the vault by cutting laterally the 
pyriform crest in the lower third and 
placing canoe-shaped full thickness skin 
grafts into the gap of the vertical inci- 
sions. I did this and these patients 
claimed definite improvement. They re- 
ceived enough improvement that they 
asked what could be done to receive 
any additional improvement. 


The problem seemed to rest in how 
further air could be admitted past the 
plane of the pyriform crest into the nasal 
chamber. One solution would be to low- 
er the inferior edge of the pyriform 
crest to the nasal floor. Another would 
be to narrow the anterior base of the 
nasal septum, if more space is achieve- 
able in this way. 


We seldom if ever examine both nas- 
al chambers in the same view. If one 
does, however, using a speculum in each 
hand, the examiner may be impressed 
by how wide the nasal septum is at its 
anterior base (Fig. 1). It is not uncom- 
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monly a centimeter or more in width. 
This may be simply measured. One 
blade of the speculum is placed in one 
nasal aperture and the other in the op- 
posite, the speculum vertically held. The 
speculum is closed gently until the 
blades rest on each side (Fig. 2A), then 
is pulled out without altering the dimen- 
sion between the two handles. The dis- 
tance betwen the blade tips (Fig. 2B) 
is measured and this is the width of the 
septal base. 


The operation selected for these pa- 
tients was one to narrow maximally this 
dimension without losing nasal dorsum 
support. It is an entirely extranasal pro- 
cedure, through a sublabial incision, 
skeletalizing the inferior pyriform crest, 
nasal spine, anterior maxillary crest, and 
columella under local anesthesia (Fig. 
3A). The entire anterior nasal base in- 
cluding all these structures is then nar- 
rowed with a rotating burr to a width 
of 1-2 mm (Fig. 3B). Then three infer- 
iorly placed transfixion sutures are 
placed in the septal base (Fig. 4) and 
the sublabial incision closed. Packing is 
not used. It may be indicated to place 
the transfixion sutures over heavy stents 
of Silastic* on each side. The airway 
(Fig. 5A, B) continues to improve for 
up to six months as scar tissue contracts. 


RESULTS 


Eight patients have received the op- 
eration. All expressed satisfaction with 
the result in terms of being significantly 
relieved of nasal obstruction. Four were 
nocturnal snorers; two related relief of 
this, two were about the same. Each 
claimed an improved feeling of well 
being from the operation, presumably 
because of improved oxygenation. Two 
claimed moderate but unenthusiastic im- 





Fig. 2. A, B) The width of the septal base can be measured with the nasal speculum. 
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Fig. 3. A) Through a sublabial incision the entire anterior septal base is skeletonized 
extranasally, including the inferior pyriform crest region. B) With a rotating burr the 


septum is thinned to 1-2 mm. 


provement. We think their improvement 
was more from desire to please their 
surgeon than anything else, or perhaps 
an endogenous steroid outpouring ef- 
fect from operational stress. 


An attempt was made to quantify the 
postoperative improvement in airway by 





Fig. 4. Several transfixion sutures are 
placed. 


measuring the distance between the up- 
per lateral cartilage and the correspond- 
ing lateral nasal wall at a fixed point 
above the nasal floor. This proved to be 
a rather ephemeral effort because the 
nasal floor was shifted by the operation. 
We thus can report no significant data 
in this regard. One wonders about the 


significance of such data in any event, 
since all the factors that effect tissue 
turgor (hormonal cycle, diurnal factors, 
hydration, postural fluid shifts, etc) may 
significantly change the diameters of 
body apertures from one time to an- 
other. A 1-2 mm change in nasal aper- 
ture may be reflected in a 204-404 
change in airflow. Mere physical mea- 
surements made at the coronal plane 
of the nasal aperture would not be ex- 
pected to reflect the true median air- 
flow. Rhinomanometry is not suitable for 
judging the results of operations in this 
region because the olive tip alters the 
position of the alae. Thus, we have as 
postoperative data only the septal base 
width and subjective responses. Criti- 
cism may be applied to the operation in 
this regard, and it is valid. 


Complications consisted in the main 
of denervation of the upper medial teeth 
and lip. Tooth reinervation did not oc- 
cur, but lip reinervation did, at a maxi- 
mum time of about three months. No 
other complications occurred in this 
small group of patients. 





Fig. 5. A, B) The new width of the septal base. 
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Spasmodic dysphonia is a severe disorder of phonation accompanied by .extreme tension of 
the entire phonatory system. The expressive functions of speech such as laughter, singing, and 
whispering are much less affected if at all. Psychotherapy, speech therapy, stimulant ^ psy- 
chotropic drugs, hypnotism and acupuncture have all been tried as treatment. without success. 
In 1976, Dedo reported 34 patients who were managed with recurrent laryngeal nerve section 
for spasmodic dysphonia. All of these patients had marked improvement in voice with relief 
of spasticity. Twenty-two patients with documented spasmodic dysphonia present for at least 
one year have been managed at the Cleveland Clinic since Dedo's report. None of them had 
any improvement with conventional voice therapy and were subjected, therefore, to recurrent 


laryngeal nerve section. 


Spasmodic dysphonia is a rare disease 
of phonation characterized “by a strain- 
ed, creaking, and choked vocal attack, 
a tense and squeezed voice sound that 
is accompanied by extreme tension of 
the entire phonatory system." The ex- 
pressive functions of speech such as 
laughter, singing, and whispering are 
much less affected, if at all. 


In 1976, Dedo? reported 34 patients 
who underwent recurrent laryngeal 
nerve section for this condition and ob- 
tained marked improvement in voice 
with relief of spasticity. Because of 
those results, recurrent laryngeal nerve 
lysis was performed on 22 patients with 
spasmodic dysphonia at the Cleveland 
Clinic. This paper reports the results ob- 
tained in these patients. 


METHODS AND MATERIALS 


Thirty-five patients with diagnosis of spas- 
modic dysphonia are currently being followed 
at The Cleveland Clinic Foundation. Those pa- 
tients who had undergone at least one year of 
speech therapy without significant improve- 
ment were considered potential candidates for 
recurrent laryngeal nerve lysis. Twenty-nine 
of these patients underwent preoperative eval- 
uation oF potential voice improvement by in- 
jecting 5-10 cc of Xylocaine® 1% into the area 
of the point of entry of the recurrent laryn- 
geal nerve into the larynx to create a tempo- 
rary nerve block. This was accomplished by 


preparing the neck and turning the head to 
the opposite side. A small weal was raised at 
approximately the level of the cricothyroid 
membrane just anterior to the sternocleidomas- 
toid muscle. Using a long spinal needle, the 
injection was then achieved by directing the 
needle at the palpated point representing the 
inferior cornu of the thyroid cartilage. Ap- 
proximately 1 cc of Xylocaine was then in- 
jected incrementally in this area until repeated 
phonation by the patient showed a clinical 
improvement. At this point the needle was 
withdrawn and the patient examined by mir- 
ror laryngoscopy. When this study contirmed 
that unilateral cord paralysis had been 
achieved, postinjection voice recordings were 
obtained. Fourteen of the patients underwent 
bilateral injection in this fashion, the individ- 
ual procedures being separated by several 
days' time. In those cases in which both sides 
were injected and recorded, the tapes were 
played back and the patient, the speech pa- 
thologist and the otolaryngologist jointly de- 
cided which side gave the better voice result. 
Twenty-two of the 29 patients subsequently 
underwent recurrent laryngeal nerve lysis. In 
five patients, in whose cases initial successful 
results later deteriorated, subsequent ipsilater- 
al superior laryngeal nerve lysis was also car- 
ried out. All patients in the series have been 
followed postoperatively by the laryngologist 
and speech pathologist with sequential voice 
recordings. The length of follow-up has varied 
from a minimum of six months to a maximum 
of three years. 


SURGICAL TECHNIQUE 


Recurrent Laryngeal Nerve Lysis. 
The head is rotated to the side opposite 
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Fig. 1. Mobilization of the superior 
pole of the thyroid gland and identifica- 
tion of the recurrent laryngeal nerve at 
the cricothyroid joint (arrow). 


that to be operated upon. A horizontal 
incision is made in a skin crease at the 
level of the cricothyroid membrane. The 
strap muscles are identified after ele- 
vation of superior and inferior flaps and 
they are separated in the midline. Hav- 
ing been mobilized in this fashion, the 
strap muscles are retracted laterally and 
the cricoid cartilage identified. If neces- 
sary, the superior pole of the thyroid 
gland is mobilized at the same time. Dis- 
section in this area allows an approach 
to the cricothyroid joint (Fig. 1). The 
nerve is consistently identified inferior 
to this point in the tracheoesophageal 
groove. After identification of the nerve, 
a 1-2 cm segment is carefully exposed 
and without applying any traction, ex- 
cised cleanly for subsequent studies. A 
small drain is placed and the wound 
closed in layers in the usual fashion. 


Superior Laryngeal Nerve Lysis. In- 
cision is made in a skin crease just below 
the upper border of the thyroid cartil- 
age. The incision is then carried through 
skin, superficial fascia and platysma to 
expose the greater cornu of the thyroid 
cartilage. Dissection in this area will 
identify the neurovascular bundle and 
retrograde dissection from this point al- 
lows identification of the external branch 
of the superior laryngeal nerve which is 
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Fig. 2. Identification (arrow) of the 
external branch of the superior laryngeal 
nerve by retrograde dissection from inter- 
nal. branch. 


then traced downward to its point of 
entry into the cricothyroideus muscle 
(Fig. 2). Following positive identifica- 
tion, a 1-2 cm segment of the nerve is 
excised for later studies. The wound is 
closed in layers with a small drain. 


RESULTS 


Of the 29 patients who underwent 
temporary vocal cord paralysis by Xylo- 
caine injection, all but one exhibited 
marked improvement in voice quality 
with relief of spasm and facial grimac- 
ing. All of the 14 patients who were sub- 
jected to bilateral sequential recurrent 
laryngeal nerve injection performed on 
separate days exhibited a distinct dif- 
ference in the quality of improvement 
obtained from one side or the other. 
When the postinjection recordings were 
compared, the three decision-making 
observers agreed unanimously that one 
side provided a better voice quality with 
less spasticity, less breathiness and 
greater ease of sound production. In 
each such case it was this "better" side 
that was chosen for subsequent nerve 
lysis. 


Of the 22 patients who underwent re- 
current laryngeal nerve lysis, 13 had the 
procedure performed on the right re- 
current laryngeal nerve and nine on the 


SPASMODIC DYSPHONIA 


TABLE 1. RESULTS OF RECURRENT 
LARYNGEAL NERVE SECTION 











Total patients 22 
Right 13 
Left 9 
Initial improvement 23 
Late recurrence 5 


left recurrent laryngeal nerve (Table 
1). All patients operated upon in this 
manner demonstrated distinct improve- 
ment in symptomatology. Such improve- 
ment was defined as clear, unhalting 
speech with relief of spasmodic quality 
and improved ease of sound production 
as compared to presurgical recordings. 
Such improvement was agreed to unani- 
mously by all three observers (otolaryn- 
gologist, speech pathologist and pa- 
tient) in every case. 


Five patients ultimately developed 
some recurrence of spasmodic cim 
phonia: one 4 months, one 7 months, 
one 8 months, one 11 months, and one 
22 months following surgery (Table 2). 
All of these patients underwent subse- 
quent ipsilateral superior laryngeal 
nerve lysis. Two of them achieved either 
complete or significant improvement in 
voice with loss of the spasmodic quality 
as a result of this surgery. The remain- 
ing patients who underwent superior 
laryngeal nerve lysis gained no im- 
provement and are considered complete 
failures. Several of the 22 patients un- 
dergoing recurrent laryngeal nerve lysis 
exhibited an initial breathiness in addi- 
tion to the loss of the spasmodic quality 
of voice. All but one of these recovered 
to what were considered good levels 
without further intervention within a 
matter of several days to a maximum of 
three weeks. In one case the persistent 
breathiness was of such severity that a 
Teflon? injection was performed nine 
months after surgery. This gave a very 
good voice result and this improvement 
has been maintained without evidence 
of recurrence of spasmodic dysphonia. 


DISCUSSION 


In 1938, Berendest described spas- 
modic dysphonia as a typical neurosis. 
Robe et al? were the first to consider it 
an organic disorder of the central ner- 
vous system. Ninety percent of their pa- 
tients had abnormal electroencephalo- 
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TABLE 2. RECURRENT PLUS' 
IPSILATERAL SUPERIOR LARYNGEAL 
NERVE SECTION 








Total patients 7 - 5 
Initial improvement ` E 
Failure 3 


grams and 832 .had other pyramidal 
tract signs. Aronson et al* agreed that 
spasmodic dysphonia might have an or- 
ganie etiology. They found abnormal 
neurologic examinations in: 20 of the 27 
patients they reported. 


In 1976, Dedo’? reported sectioning of 
the recurrent laryngeal nerve in 34 pa- 
tients. All of his patients were pleased 
with their resulting voices. However, 
several had mild residual hoarseness and 
breathiness. He theorized that by para- 
lyzing one vocal cord in the paramedian 
position, the contralateral cord could be 
considered “precompensated,” due to its 
preexistent ability to adduct across the 
midline. 


From a histologic standpoint, study of 
the sections of recurrent laryngeal nerve 
removed at surgery has tended to con- 
firm the organic basis for this disease 
process. Dedo? found nerve bundle 
groups that did not stain for either mye- 
lin or axones by light microscopy. He 
found no active breakdown of myelin 
by macrophages, however. These find- 
ings seemed consistent with a demyelin- 
ating process in 30% of the patients ex- 
amined. 


Bocchino and Tucker? studied electron 
microscopic histology in recurrent 
laryngeal nerves removed for spas- 
modic dysphonia. They found seg- 
mental demyelinization in all cases ex- 
amined. Control cases did not show any 
of these changes. The axones were not- 
ed to be normal except for occasional] 
secondary changes resulting from ex- 
tensive demyelinization. It was their 
opinion that spasmodic dysphonia, what- 
ever its ultimate cause, resulted in pe- 
ripheral demyelinization and that the 
disease might be related to other cranial 
nerve syndromes in which similar his- 
pethenge findings have been report- 
ed. 


It is noteworthy that all patients in 
whom bilateral preoperative recurrent 
laryngeal nerve injections were under- 
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taken demonstrated a significant dif- 
ference in voice quality from one side to 
the other. Since the better voice result 
was chosen for laryngeal nerve section 
and since demyelinization was identi- 
fied in essentially every case by elec- 
tron microscopy, some evidence has 
been produced to suggest that the dis- 
ease process is, indeed, a bilateral one. 
This conclusion is based on the fact that 
the better voice result should be ob- 
tained when the less active cord is para- 
lyzed, leaving the more abnormal (thus 
more strongly adducting) cord intact. If, 
under those circumstances, pathologic 
changes have been identified in every 
nerve removed, it would seem that the 
disease process involved both nerves. 


CONCLUSION 


Surgical lysis of the recurrent laryn- 
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geal nerve may be regarded as an ac- 
ceptable approach to patients with spas- 
modic dysphonia, in those cases in 
which conventional therapy has failed. 
While not every patient will have per- 
sistently successful results from this op- 
eration, subsequent lysis of the ipsilat- 
eral superior laryngeal nerve can give a 
good long-term result in nearly every 
case. Further long-term experience with 
recurrent laryngeal nerve lysis for spas- 
modic dysphonia is needed before this 
procedure can be presumed to be per- 
manently effective. 


Continued experience both clinically 
and with histopathologic examination 
of excised recurrent laryngeal nerves 
continues to support the view that spas- 
modic dysphonia is an organic disease 
process rather than one of purely psy- 
chological origin. 
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Four patients with spastic dysphonia refractory to speech and phychiatric therapy were 


treated by crushing the recurrent laryngeal nerve. Vocal cord paralysis was 
patients. Vocal spasticity subsided in all patients, Vocal cord motion returne 


months. Three of four patients remained 


In 1976 Dr. H. Dedo presented to the 
American Laryngological Association 
the sectioning of the recurrent laryngeal 
nerve for the treatment of spastic dys- 
phonia.* This was a radical treatment ap- 
proach for a disease which was thought, 
by most, to be psychogenic in origin. Dr. 
Dedo was courageous and deserves great 
credit for reawakening the interest in 
this disease by laryngologists, speech 
therapists and psychiatrists. He is re- 
sponsible for the recent clinical investi- 
gative climate and above all the grate- 
ful patients, who prior to this surgical 
approach were relegated to a life with 
significant disability. 

Even though the success of recurrent 
laryngeal nerve sectioning is unchal- 
lenged, there has been reluctance by 
some laryngologists to permanently 
paralyze the recurrent laryngeal nerve. 
Som and Biller in a letter to the editors 
in 1977 described the successful treat- 
ment in a patient with spastic dysphonia 
by crushing the recurrent laryngeal 
nerve.” 


The purpose of this paper is to de- 
scribe the long-term results in a small 
number of patients who were treated by 
recurrent laryngeal nerve crush. 


METHODS AND MATERIALS 


Four patients (two females and two males) 
with a clinical diagnosis of spastic dysphonia 
were treated by crushing the left recurrent 
laryngeal nerve (Table 1). The duration of 
the disease prior to surgery varied from 2 to 
20 years. The initiating factors were thought 
to be, by the patients, emotional strain in 
one and upper respiratory infection in three. 


roduced in all 
in four to six 


ree of spasticity for a minimum of 24 months. 


The four patients at various times during the 
disease had received both speech and psychia- 
tric therapy. One patient considered speech 
therapy to have improved the voice. minimally. 
All patients had clinical relief of their vocal 
spasticity following paralysis of: the vocal cord 
by Xylocaine? injection of the. left recurrent 
laryngeal nerve. Voice recordings were ob- 
tained prior to surgery. The procedure of re- 
current laryngeal nerve crush was performed 
under general anesthesia. Following mobiliza- 
tion of the thyroid lobe, the left recurrent 
laryngeal nerve was isolated and crushed with 
a hemostat. P 
RESULTS 

There were no complications relating 
to the surgery (Table 2). Postopera- 
tively, the left vocal cord was paralyzed 
in all patients and there was complete 
resolution of the vocal spasticity as 
judged clinically and by comparison of 
pre- and postoperative recordings. 
Three of the four patients had slight hus- 
kiness of their voices which subsided 
within seven days. Three of four patients 
continued to have the typical breathing 
pattern which was present prior to sur- 
gery. The abnormal breathing pattern 
returned to normal following one or 
two sessions with the speech thera- 
pist. The patients were followed at 
monthly intervals postoperatively. The 
left vocal cord motion returned in four 
to six months. Three patients were fol- 
lowed 20, 29 and 30 months respectively 
and remained free of dysphonia. One pa- 
tient with return of vocal cord motion at 
four months experienced a return of 
spastic dysphonia, although of less sever- 
ity than before surgery. 


DISCUSSION 
Although the results of recurrent laryn- 
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TABLE 1. MATERIAL 
Psychiatric Improvement 
“Cause” of & Speech With 

Pt. Sex Age Dysphonia Therapy Therapy 
H.D. M 46 URI Yes None 
E.K. F 51 URI Yes None 
R.G. > M 42 Emotional Stress Yes Slight 
H.S. F 58 URI Yes None 


URI - Upper respiratory infection. 


geal nerve séction have been excellent, 
the fact remains that an important 
motor nerve is sacrificed. The perma- 
nent loss of function of the recurrent 
laryngeal nerve may have deleterious 
effects on the patient in the future. In- 
volvement of the contralateral recurrent 
laryngeal nerve by viral infections, dia- 
betic or other neuropathies, cerebral 
vascular disease, intrathoracic or medias- 
tinal disease, thyroid disease, external 
trauma or intubation may result in a pa- 
tient with a bilateral vocal cord pa- 
ralysis. Similarly, the paralyzed vocal 
cord frequently is an early diagnostic 
sign of treatable disease. Also to be 
considered is the possibility of subse- 
quent vocal cord atrophy resulting in 
a lateralized cord and a breathy voice. 
For these reasons some laryngologists 
are hesitant to sever electively the re- 
current laryngeal nerve. 


TABLE 2. RESULTS OF NERVE CRUSH 











Returnof VC Follow- Re- 

Pt. Motion (mo) Up (mo) sults 
H.D. 6 30 S 
B.K. 6 29 S 
R.G. 5 20 S 
H.S. 4 6 F 


VC - Vocal cord; S - Success; F - Failure. 


Crushing the recurrent laryngeal nerve 
is an alternative procedure which pro- 
duces successful results with ultimate 
preservation of vocal cord motion. 


Dedo postulates that spastic dysphon- 
ia is related to a disturbance of the pro- 
prioceptive control of the vocal cord. 
'The cause, most likely viral, affects the 
sensory fibers with preservation of the 
larger motor fibers. The success of the 
nerve crush may be related to the per- 
manent damage of the proprioceptive 
fibers while the motor fibers are capable 
of regeneraton. 


Two years after the nerve crush, 
three of the four patients are without evi- 
dence of dysphonia. Indirect view of the 
larynx shows normal cord motion. The 
single failure developed return of vocal 
cord mobility at four months along with 
spasticity. The early return of mobility 
may reflect insufficient crushing injury 
at the time of surgery. The authors are 
satisfied with the results of the nerve 
crush and will continue to use this meth- 
od in the treatment of spastic dysphonia. 
The early results indicate that crushing 
of the laryngeal nerve, rather than laryn- 
geal nerve section, may be the preferred 
treatment. 
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ELECTRICAL STIMULATION OF THE AUDITORY NERVE IN CATS 
LONG TERM ELECTROPHYSIOLOGICAL AND HISTOLOGICAL RESULTS 


F. BLAR Smumons, MD 


STANFORD, CALIFORNIA 


Each of five cats (one congenitally deaf) had Pt-Ir electrodes placed in the.modiolus. Some 
electrodes were stimulated with a 100 “amp, 0.25 msec balanced biphasic 50/sec pulse for 2 
hours for a total of 20 to 40 hours each over periods of several months. Pre- and poststimula- 
tion measures of click-evoked N, responses, averaged brain stem potentials, and impedances 
showed no long-term effects of damage to the nerves. Light microscopy showed very accept- 
able tissue tolerance and no evidence of damage caused by electrical stimulation. The deaf cat 
had about 10£ residual nerve fibers which responded to stimulation. : 


This report describes the electrophysi- 
ological concomitants of long-term elec- 
trical stimulation of the auditory nerves 
of five cats. One cat was congenitally 
deaf in the stimulated ear. These ani- 
mals were part of a larger series em- 
ployed to develop and confirm materials 
and methods for later use in man, with- 
out causing electrical damage to the 
nerve or electrolysis of the electrodes. 


METHODS AND MATERIALS 


A number of electrode materials were first 
evaluated for their ability to withstand elec- 
trolysis effects of current. Of these, only plati- 
num, iridium, rhodium and palladium showed 
no serious loss of weight after up to 38 weeks 
of continual stimulation with balanced biphas- 
ic 1 msec pulses at current densities of 100 
mamp/cm’.* We selected platinum because of 
its known tissue tolerance, but stiffened it with 
10% iridium. 

We investigated a number of insulating ma- 
terials, both for their effects on tissue and 
their long-term stability. The most promising 
of these, Pyre-ML9 (Dupont), consistently 
began flaking off test electrodes in both ani- 
mals and in saline after about 200 days. Thus, 
we reluctantly came to accept Teflon? as the 
only reliable insulator for our purposes, in 
spite of its many disadvantages in bonding 
and fabrication. 


Four-electrode arrays were prepared with 
the tips staggered by 0.5 mm, sterilized by 
formaldehyde soak, and placed in the modiolus 
of cats. The distal ends were anchored to the 
bulla, skull, and to a transcutaneous plug by 
methods already described? Different amounts 
of insulation were removed from the tips to 
investigate impedance effects on these elec- 
trodes. 


The cats were operated upon under bar- 


biturate anesthesia using scrupulously sterile 
technique. Figure 1 shows the surgical ap- 
proach and the electrodes, in this instance 
passing through the modiolus: and probably 
into the lateral extension of the cochlear nu- 
cleus. The bulla was opened, the round win- 
dow exposed and its membrane incised 
through the full diameter, thus allowing both 
the escape of perilymph and retraction of the 
cut membrane. The posterior lip of the win- 
dow was usually removed for exposure. The 
scala tympani modiolus was then entered using 
a small drill bit which created a hole just 
slightly larger than the electrode bundle. A 
recovery period of 4-16 weeks was observed 
before beginning the stimulation protocol. 


The routine test protocol always included 
the following steps: a barbiturate anesthetic, 
measurements of electrode impedances; place- 
ment of an insert earphone in the cat's ear to 
insure consistency of the sound field; measure- 
ment of the visual detection thresholds and 
suprathreshold waveform of the click-evoked 
N: complex for the four electrodes; two hours 
of electrical stimulation (monopolar) at 100 
Lamp, 50/sec, with a positive-negative, con- 
stant current-balanced, 0.25 msec (per phase) 
pulse; and repeat measurement of the N; re- 
sponses and the stimulating electrode's im- 
pedance immediately afterwards. Protocol var- 
iations were: measurements of the brain stem 
evoked response (BSER)' to acoustic and 
electrical stimulations before and after the two 
hours of electrical stimulation. placement of 
recording electrodes in the inferior colliculus 
of one animal to verify the BSER data, mask- 
ing the unstimulated ear during the above tests 
to insure against electrophonic and bone con- 
duction artifacts. 


Calculations of current were based upon 
prestimulation impedance measurements. AII 
impedances were measured by the voltage drop 
across a 1,000 ohm resistor in series with the 
stimulating circuit, at a frequency of 1,000 
Hz. The current return pathway was either a 
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Fig. 1. Route of electrode placement in 
the auditory nerve. These electrodes were 
placed several months before this animal 
was sacrificed. The top half of the tem- 
poral bone has been drilled away to ex- 
pose the nerve as it leaves the modiolus. 
It is stained with Sudan black. A small 
residual part of the seventh nerve remains 
at B. The four-wire electrode was passed 
through a small hole in the bulla (near 
D), through the round window (A), the 
scala tympani modiolus (C) into the 
nerve. The tips of the electrodes were sep- 
arated during the dissection. 


subcutaneous hypodermic needle or a bone 
screw in the frontal sinus. 


All electrophysiological events were first 
stored and averaged through a PDP-8I com- 
puter, then displayed on an oscilloscope and 
recorded on an X-Y plotter. Four or eight 
stimulus-response sequences were averaged for 
the N; measurements, and 128-512 responses 
were averaged for inferior colliculus or BSER 
recordings. 


Three cats had 20-22 hours, one 28, and 
another 40 hours of stimulation over total im- 
plantation periods of 6 to 16 months. The ani- 
mals were then killed, and their cochleas per- 
fused intra-arterially with saline and 10% for- 
maldehyde. Tissue sections were cut in a mid- 
modiolar plane and stained with hemotoxalin 
and eosin. 


RESULTS 


N, Responses. The individual elec- 
trical stimulation sessions produced ab- 
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solutely no signs of damage to the N, 
responses to click stimuli. In no instance 
was there a decrement in the threshold 
or input-output function of the N, when 
each sessions pre- and poststimulus 
records were compared. In fact, it was 
not at all uncommon to observe an “im- 
provement" in both the threshold and in 
suprathreshold N, amplitudes. Some- 
times this rather surprising increase 
yielded a better threshold sensitivity of 
more than 10 dB.* 


Figure 2 shows an example of both the 
long-term stability and one session's N, 
before and after electrical stimulation. 
The first column of N, responses to clicks 
was recorded five months before the 
first electrical stimulation. The second 
column was obtained after 12, two-hour 
sessions of stimulation (over 9 months) 
and just before the 25th and 26th hours. 
The third column shows the N, immedi- 
ately after this stimulation. 


Two cats (6 and 13) had normal N, 
thresholds from the beginning and main- 
tained these thresholds within 10 dB 
throughout 28 and 40 hours of stimula- 
tion over 6 and 12 months. A probable 
error in gain settings of the X-Y plotter 
occurred during the final two stimula- 
tions of one of these animals and these 
thresholds were not comparable with 
the earlier ones. Two cats (19 and 20) 
had reduced N, thresholds before any 
stimulation. We presume they sustained 
more than slight damages during the 
implant surgery or in the healing period. 
Their threshold responses remained 
stable though attenuated thereafter 
through 20 hours of stimulation over 18 
and 20 weeks. 


AII four animals showed at least minor 
prestimulation abnormalities in their 
suprathreshold N, input-output wave- 
forms. Two animals had nearly normal 
N, input-output functions with abnor- 
malities confined to slight distortions in 
waveform, neither of which was beyond 
the range of defects commonly encount- 
ered in field cats who have not had elec- 
trodes implanted. These two maintained 
these waveforms throughout. In two ani- 
mals the surgical damage was more 
severe and peak amplitudes increased 
only about 10 dB above the amplitude 


*This unexpected phenomenon also caused slight increments in the Ni responses from the 
opposite unstimulated ear and is being investigated in another series of cats. It is clearly not 


an artifact. 
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Fig. 2. Eighth nerve recorded click-evoked NiN: responses before and after elec- 
trical stimulation, The first set (left-hand column) was recorded five months before an 
stimulations. The second and third sets were recorded just before (A) and just after (B 
the 25th and 26th hours of stimulation. ( One-hundred dB of click attenuation is near 


human perceptual threshold. 


of the N, created by a click 10 dB above 
threshold. 


BSER and Inferior Colliculus. All cats 
had at least one set of acoustic and elec- 
trical stimulus recordings. Thresholds for 
acoustic stimulations were within 10 dB 
of N, thresholds. Electrical thresholds 
were from 1.2 to 12.5 nano Coulombs 
(nC) (median of about 5 nC); con- 
verted to current, this is a range of about 
5 to 50 yamp.* Three animals had 
repeated recordings over 4, 6, and 8 
months of stimulation. Both the acoustic 
and electrical thresholds remained un- 
changed during these periods. Stimula- 
tions of some electrodes in some cats 
caused motion artifacts before any 
acoustic-evoked activity was detectable. 
These electrodes were probably closer 
to the seventh than the eighth nerve. 
These electrodes were not used in any 
2-hour stimulations. 


BSER was the only method available 
for monitoring the stimulation of the 


congenitally deaf cat. This female had 
white fur and one blue and one brown 
eye with deafness confirmed on the blue- 
eyed side by acoustic BSER. Figure 3 
shows a typical set of recordings in 
which the deaf ear was stimulated elec- 
trically and the hearing ear by clicks. 
There were no detectable differences in 
the electrical BSER of this animal and 
the hearing animals. 


Impedances. Preimplant, in-saline im- 
pedance measurements were nearly al- 
ways 15 to 20% less than impedances 
immediately after insertion in the nerve. 
Once in tissue the impedances typically 
continued to increase over the first two 
to three weeks to about 150 to 200% of 
the saline measurements. The imped- 
ances of the electrodes were proportion- 
al to the surface areas of the exposed 
metal. Electrodes with. only the tips ex- 
posed (217 4?) developed eventual im- 
pedances of 100k ohms and more. Re- 
moving 0.2 mm of insulation to increase 


* According to McNeal and Teicher,‘ these BSER thresholds indicate the distance from elec- 
trode to viable fibers is much less than 0.1 mm in low-threshold animals and no more than 0.2 


mm in high-threshold animals, 
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Fig. 3. Brain stem averaged evoked re- 
sponses to electrical and acoustical stim- 
uli. The left-hand column shows thresh- 
old and suprathreshold responses to 10/ 
sec electrical pulses to the modiolus elec- 
trode of the congenitally deaf right ear of 
a cat. Threshold detection level was at 
about 5 “amp. The right-hand column 
shows click-evoked recordings when the 
normal left ear of this cat was stimulated 
at 10/sec. Stimulus intensities are in deci- 
bels of click attenuation. 


the surface area 100 times, reduced the 
saline impedances to 5-10k ohms, the 
postimplant impedance to 8-16k ohms, 
and the long-term unstimulated elec- 
trode impedance to 17-42k ohms. One, 
but probably not the only, reason for the 
increased impedance in tissue is a de- 
crease in surface area caused by longi- 
tudinal expansion of the Teflon? insula- 
tion as it absorbed water vapor. Thus, 
the exposed tip of the now-standard 
0.2 mm electrode probably had a sur- 
face area of 10850 ,?. At 100 pamp 
(25 nC/pulse) the current density is 
100 mamp/cm*?, which is within the safe 
limits for platinum electrolysis.’ 


Figure 4 shows the two extremes of 
impedance for both long-term and im- 
mediate poststimulation changes in the 
presumed electrical properties surround- 
ing the electrodes. The animal with the 
higher impedances had tip-only-exposed 
electrodes. The measurements shown are 
actually for twice this surface area be- 
cause this electrode was shorted with 
another electrode within the implant. 
Otherwise the impedances would have 
been even higher. The cat with lower 
impedance electrodes had 0.2 mm bare- 
tips. Poststimulation impedances almost 
always decreased by about one third of 
the prestimulation measurements. Re- 
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Fig. 4. Electrode impedances before 
and after two hour stimulations over five 
and nine months. Mod-6 had small tip 
surface areas (754 insulated except at the 
tip) while Mod-18 had relatively large 
surface areas (0.2 mm of exposed 754 
wire). Measurements from Mod-6 ac- 
tually reflect two tips in parallel because 
of a short. 


turn to prestimulation values was in- 
complete by 2 hours afterwards and 
probably required 12 or more hours if 
measurements from another (unpub- 
lished) series of stimulations can be 
used as an indicator. 


Microscopic observations. Observa- 
tions common to the four normal-eared 
cats were the following: all had normal 
middle ear structures and at least some 
fibrosis in the round window. The round 
window membranes were retracted in- 
wards and adherent to the bony spiral 
lamina. There was severe to total loss of 
both ganglion cells and hair cells 
throughout the hook region and extend- 
ing variably through about the first 5 
mm of the basal turn. The upper 2% 
turns of the organ of Corti and the 
ganglion cells therein were usually nor- 
mal. Within the modiolus there was 
always some destruction of nerve fibers 
along the route of the electrode insertion 
but never extending deeper into the 
nerve than the shaft (not tip) of the 
longest electrode. The opposite ears of 
all five cats were also examined and 
were normal. 


Modiolar implant (Mod)-6 (Fig. 2) 
had more than an average amount of 
fibrous tissue in the round window 
niche, but no evidence of a foreign bodv 
reaction or infection medial to the drill 
hole into the modiolus. Three electrode 
tracts were identifiable. One ended just 
short of fibers and two ended in normal- 
appearing fibers. A 7-10 „ fibrous cap- 
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Fig. 5. Photomicrograph of an electrode 
tip in the modiolus of a cat after 40 
hours of stimulation. Note there is some 
damage further back along the entrance 
tract of the electrode which can be seen 
about 0.1 mm below the electrode hole, 
but at the tip there is none except the 
expected 7u fibrous tissue capsule. 


sule surrounded the tip of each. Figure 
5 shows the electrode tract surrounding 
the longest of the electrodes, within 0.1 
mm of the tip. The electrodes were im- 
planted for 16 months and stimulated 
for 40 hours. 


Mod-13 had considerable fibrosis and 
signs of an old infection in the round 
window niche but not extending medi- 
ally. Four electrode tracts were identi- 
fied, two ending within the modiolus, 
one in-between the seventh and eighth 
nerves, and one in the seventh nerve. 
All ended in normal-appearing tissue. 
All had fibrous tissue capsules of 10 p 
or less. 


Mod-18 had a congenitally deaf ear 
implanted with electrodes. Figures 6 
and 7 show low- and high-power photo- 
graphs of the total loss of the organ of 
Corti and stria vascularis, severe new 
bone formation, severe loss of ganglion 
cells, and the electrode tract just enter- 
ing the modiolus. There appeared to be 
about 10% of the ganglion cells and 
fibers still remaining. The trunk of the 
nerve was avulsed during processing 





Fig. 6. Photomicrograph of the coch- 
lea from the cat with the congenital hear- 
ing loss (Mod-18). There was complete 
destruction of the organ of Corti with 
massive new bone formation throughout 
the basal two thirds of the cochlea and 
loss of perhaps 90% of ganglion cells. The 
center of the modiolar tissues was avulsed 
during processing. However, the fibrous 
tract surrounding the electrode bundle 
remained (at arrow). Note also the drill 
hole tract through the basal turn scala 
tympani (A) where both the normal and 
newly formed bone were removed. 


and the tracts of the electrodes were 
not located. 


This ear is not typical for the white- 
cat-blue-eyes hereditary deafness syn- 
drome in which the degenerative hypo- 
plasia is largely confined to the end 
organ with a normal or near-normal 
ganglion and nerve fiber population. 
The new bone formation occurred be- 
fore electrode implantation and was 
likely caused by an earlier infection. 
(Note that some of this new bone was 
drilled away when the modiolus was 
exposed for the electrode passage.) 


In Mod-19 the electrical responses 
from the cats ear reliably indicated 
damage to the ear, in this instance a 
massive — postimplantation infection. 
There was considerable fibrosis and 
granulation tissue in the round window 
niche which extended into the scala 
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Fig. 7. Higher power photograph of the 
bony spiral lamina and Rosenthal’s canal 
of the enlarged area in Figure 6. About 
10% of ganglion cells and their dendrites 
and axons remain. 


tympani through the lower half of the 
basal turn and into the basal third of 
the modiolus. The upper basal turn and 
beyond appeared preserved, along with 
the nerve fibers from these regions. The 
tips of the two longest electrodes passed 
through the eighth nerve and penetrat- 
ed the seventh nerve. Both of these 
caused facial movement when stimu- 
lated. 


In Mod-20 the cat had good nerve 
survival and no evidence of an infection, 
yet had relatively poor electrophysiolog- 
ical responses. Two electrodes stopped 
in the modiolus and two in the seventh 
nerve. The fibrous capsule surrounding 
the two locatable tips was no wider 
than 10 „u. At least 90% of nerve fibers 
survived implantation and stimulation. 


DISCUSSION 


This has been a difficult study to 
analvze and report. The numbers are 
small and the possibilities for errors 
large. Five cats and 130 hours of stimu- 
lation by no means satisfy rigid limits 
for the possible effects of electrical cur- 
rents on residual nerve fibers. Within 


*Kempson RL: Personal communication, 
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broad limits, the results indicate that 
electrical stimulation does not totally 
devastate the auditory nerve. In fact, 
the results of any of the three indices 
(N,, BSER, histology) seem to indicate 
that very little, if any, of the nerve de- 
teriorates with carefully designed cur- 
rent pulses. The fibrous tissue capsules 
surrounding the tips of the stimulated 
and unstimulated electrodes were com- 
parable in appearance and diameter. A 
10 „u capsule surrounding any implant 
and no giant cells or inflammatory ele- 
ments are very acceptable indications 
of biocompatability.* 


The placement of the electrodes does 
cause damage, as might be expected, 
by the passage of a comparatively large 
(150 u diameter) shaft into the modi- 
olus. However, the damage is confined 
to fibers from the lower basal turn (8- 
40 kHz region in the cat). The corres- 
ponding region in man is also well be- 
yond the range for speech frequencies. 
In the cat the seventh nerve is much 
closer to the modiolar auditory nerve 
than it is in man. The likelihood for im- 
paling the seventh rather than the eighth 
nerve in man is not as great. In fact, 
comparable surgery on human temporal 
bones is considerably easier and more 
tolerant of minor directional errors than 
in cats. Infection is the one implantation 
disaster which destroys nerve tissue in 
a wide zone. This happened in one of 
the five cats in spite of careful attention 
to sterile techniques. 


'The data on stimulation of the con- 
genitally deaf cat was not only fortui- 
tous but, as we are aware, is also the 
first direct evidence that such residual 
populations of neurons which do not 
degenerate with loss of the end organ 
are both viable and connect to the cen- 
tral auditory system. 


While the stimulus used here appears 
to be the "safe" upper limit for non- 
destructive electrical stimulation, this is 
still partially unknown and is currently 
under study. One feature seems im- 
portant: coulombs are better indexes 
than amperes. Lilly found that thermal 
injuries were directly proportional to 
coulombs and estimated a safe maxi- 
mum of 200 ;C/pulse with biphasic 
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balanced waveforms.” Mortimer et al? 
found no damage to the spinal cord 
when they used currents up to 2.45 
mamp (0.1 msec balanced biphasic 
pulses at 50/sec through 0.003 in wire). 
This amounts to 250 nC/pulse. Delgado 
used 2.5 „C pulses for many months on 
chronically implanted animals and was 
unable to demonstrate histological dif- 
ferences between stimulated and un- 
stimulated electrodes. Cortical tissue 
may, however, be more sensitive to stim- 
ulation damage than fiber tracts or pe- 
ripheral nerve. Large electrode stimula- 
tion seems safe at 300 nC/pulse accord- 
ing to the most detailed study by Pu- 
denz, et al? but stimulation at 50 „C/ 
cm?/phase (and less) produces dam- 
age.!^1 


Note that these "safe" upper limits 
range from 200 „C to 250 nC/pulse. 
Our data show that at least in the audi- 
tory nerve, 25 ,C/pulse phase is toler- 
ated over the parameters used. This 
stimulus level is at least two orders of 
magnitude larger than the probable per- 
ceptual thresholds of these animals, 
based upon the BSER data.?? It is also 
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at least two orders of magnitude above 
the perceptual thresholds for stimula- 
tions of the auditory nerve in man, using 
an identical stimulating system. * 


CONCLUSIONS 


The auditory nerves of cats can with- 
stand both the placement of electrodes 
within the modiolus and electriéal stim- 
ulation via these electrodes for extended 
periods of time. Damage does occur to 
the most basal portions of the cochlea 
and nerve and this is attributed to the 
insertion of the wires. The currents used 
were at least two orders of magnitude 
above the animals estimated perceptual 
thresholds. 


One animal had a naturally occurring 
(probably hereditarv) total loss of the 
organ of Corti with only about 10% 
residual nerve fiber population. Elec- 
trical stimulation of this ear produced 
BSER responses comparable to those 
from normal cats. This strongly suggests 
that at least some residual nerve fibers 
in such ears are viable and can respond 
to electrical stimulation. 
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INTERCELLULAR JUNCTIONS IN THE 
DIFFERENTIATING RAT OTOCYST 
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Intercellular junctions between cells of the rat otocyst on the 12th day of gestation were 
studied using lanthanum tracer and freeze-fracture techniques. At the luminal surface, the in- 
tercellular space is closed by a series of tight junctions. Gap junctions are also present between 
cells both within and below the luminal junctional complex. The presence of tight and gap 
junctions at this early stage in the differentiating otocyst is probably essential for the develop- 


ment of a normally functioning adult ear. 


Intercellular junctions play a particu- 
larly important role in epithelial tissues. 
Farquhar and Palade’ first defined the 
junctional complex as composed of a 
zonula occludens (tight junction), a 
zonula adherens (intermediate junc- 
tion), and a mucula adherens (desmo- 
some). Zonula occludens serves as a 
permeability barrier to the intercellular 
passage of lipid insoluble molecules.^? 
Zonula adherens and macula adherens 
are presumed to act as mechanical at- 
tachments between the apposed plasma 
membranes of cells. Technical improve- 
ments, particularly the use of low mo- 
lecular weight electron-opaque tracer 
(lanthanum),** and the use of freeze- 
fracturing method," have helped un- 
mask another junctional specialization, 
the gap junction or nexus. Revel and 
Karnovsky* used lanthanum to demon- 
strate that the gap junction has an inter- 
cellular space of 20-40A and that it 
contains a hexagonal array of subunits 
with a 90A center-to-center spacing. 
The gap junction allows relatively small 
molecules through the  intercellular 
space.‘ This junction is also the site of 
intercytoplasmic passage of small mo- 
lecules and metabolites,*? and serves as 
a site of electrical coupling between 
cells.19-:? 


The junctions between epithelial cells 
in the adult inner ear have been exten- 
sively studied. Various studies have es- 


tablished the presence of tight junctions 
between cells at the endolymphatic sur- 
face of the organ of Corti.'^"? Freeze- 
fracture studies of the adult inner ear 
have confirmed the presence of tight 
junctions at the reticular lamina.?%** 
These junctions are found to be essen- 
tial for the maintenance of inner ear 
fluid composition and hence the electro- 
physiological properties of the receptor 
neuroepithelium. Gap junctions have 
been found between adjacent otic sup- 
porting cells in various species.!^!??^ 
They are also present between adjacent 
hair cells and supporting cells in the 
basilar papilla of the alligator lizard.'* 


The purpose of this study was to use 
lanthanum tracer and freeze-fracture 
techniques to determine the presence of 
tight and gap junctions in the differen- 
tiating otocyst. Rat otocysts on the 12th 
day of a 22-day gestational period were 
used as a model system in this prelim- 
inary report. 


METHODS AND MATERIALS 


Otocysts were obtained from 12th day preg- 
nant Sprague-Dawley rats according to the 
technique of Schulte et al.” Dissected otocysts 
were divided into two groups. One group of 
otocysts were fixed (four hours) in 22 glutaral- 
dehyde in 0.1 M cacodylate buffer, pH 7.3, 
at 4 C, rinsed in cold buffer, immersed in 28% 
buffered glycerol, pH 7.3 (three to four 
hours), and quick frozen in liquid Freon9 922, 
Otocysts were fractured in a Balzers apparatus 
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at the luminal surface indicating the 
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Fig. 1. Electron micrograph of a lanthanum-treated otocyst. Lanthanum flow stops 
i 
u resence of tight junctions 


arrows). Basal y 


(bb) is present in one cell. Luminal cells possess numerous microvilli (mv). lu - Lumen. 


(X7,600 


(Balzers AG, Balzers, Liechtenstein) equiped 
with a mirror image attachment. Following 
fracturing, the specimens were etched by sub- 
limation for 20-30 seconds and shadowed with 
platinum and carbon. 


The second group of otocysts were fixed 
(4 hours) with 2% glutaraldehyde in 0.1 M 
cacodylate buffer, pH 7.3 at 4 C, containing 
1% lanthanum nitrate, rinsed in buffer con- 
taining 1% lanthanum nitrate, postfixed with 
1% osmium tetroxide containing 1% lanthanum 
nitrate for one hour, dehydrated in graded 
ethanol containing 1% lanthanum nitrate and 
embedded in Epon®. Sections were cut with 


a diamond knife on LKB ultrotome III. Un- 
stained sections of lanthanum-treated otocysts 
and the platinum-carbon replicas produced in 
the Balzers apparatus were examined in a 
Zeiss 9S-2 transmission electron microscope at 
an accelerating voltage of 63 kV. 


RESULTS 


The otocyst of the 12th gestational 
day is an ovoid vesicle composed of 
pseudostratified columnar epithelium. A 
short endolymphatic diverticulum is evi- 
dent on the medial wall and there are 
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P 4 


Fig. 2. 











n 7» 


Freeze-fracture of the otocyst showing columnar epithelial cells. Tight 


junctions with typical ridges are present (arrows). Etched surfaces of cells appear as 
blebs with tiny depressions indicating damaged microvilli (arrowheads). lu - Lumen. 


(X7,600) 


regional differences in wall thickness. 
Already, some cells show morphologic 
signs of differentiation, such as the pres- 
ence of basal body, developing kino- 
cilium, regional cell death, and numer- 
ous microvilli.?? 


In ultrathin sections of the otocyst, 
junctional complexes are found along 
the entire luminal surface between the 
apices of contiguous cells. The flow of 
lanthanum tracer stops abruptly at the 
junctional complexes of the luminal sur- 


face (Fig. 1). While structures sugges- 
tive of gap junctions were occasionally 
seen following lanthanum staining, our 
studies in this regard were inconclusive. 


Freeze-fracture confirmed the pres- 
ence of tight junctions observed in ultra- 
thin sectioned material. Tight junctional 
ridges are clearly visible between cells 
at the luminal surface (Figs. 2 and 3). 
Freeze-fracture also revealed the pres- 
ence of disc-shaped gap junctions (Fig. 
4). These gap junctions join apposing 
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Fig. 3. Freeze-fracture of the otocyst 
observed at a higher magnification show- 
ing ridges of the tight junctions in two 
adjacent cells. lu - Lumen. ( X31,800) 


cells both within and below the luminal 
junctional complex. 


Etching of the tissue by a short peri- 
od of sublimation was very helpful in 
evaluating the luminal surface of the 
otocyst. The protrusions seen in ultra- 
thin sections of luminal cells (Fig. 1) 
are similar to the cellular blebs ob- 
served in the replicas of freeze-fracture 
specimens (Fig. 2). 


DISCUSSION 


Tight junctions serve an essential role 
in epithelial tissues, the prevention of 
free passage of molecules across the 
epithelium. Between the cells of inner 
ear epithelium tight junctions maintain 
the separation of charge which is an 
obligatory result of the production of 
endolymph.?* The specific ionic com- 
position of this inner ear fluid has been 
considered essential for the initiation of 
hearing. While the presence of tight 
junctions at the 12th gestational day 
neither establishes the presence of endo- 
lymph, nor confirms the establishment 
of a permeability barrier in the otocyst 
wall, it is perhaps the earliest morpho- 
logic commitment to the formation of a 
separate compartment which eventually 
will contain a specialized extracellular 


fluid. 


It is known that many types of cells 
at various times of life are connected by 





Fig. 4. Freeze-fracture of the gap junc- 
tion. The membrane proteins are arranged 
in a disc-shaped plaque. (X114,000) 


permeable junctions. For example, dur- 
ing development, all cells of the newt 
morula are interconnected.?^** Although 
Lowenstein” has discussed the impor- 
tance of permeable cell junctions in the 
propagation of signals in controlling and 
coordinating growth and development, 
the exact role of such contacts and the 
possible classes of their signals has re- 
mained unclear. Bennett?? has reviewed 
the physiologie functions of gap junc- 
tions and has indicated that only those 
cells so connected are electrotonically 
coupled. Thus, the presence of gap 
junctions in the early rat otocyst allows 
the possibility that signals controlling 
cellular differentiation may pass be- 
tween otic cells as suggested by Lowen- 
stein" and Bennett.?? 


Although not proven by our observa- 
tions, the presence of both tight and gap 
junctions relatively early in otic devel- 
opment is an important and conspicuous 
morphologic feature probably required 
for normal otic development. Further 
studies dealing with the nature, number 
and precise chronologic developmental 
sequence of tight and gap junctions of 
the rodent otocyst are currently in pro- 
gress. 
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GIANT FUNCTIONING CERVICOMEDIASTINAL PARATHYROID CYST “ 
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A rare case of a large cervicomediastinal parathyroid cyst associated with hypercalcemia 
and an elevation of serum parathyroid hormone is presented. The pathogenesis of such a large 
cyst is discussed, hemorrhage into an adenoma being the most likely cause. Clinical investiga- 
tions which should be carried out for any cystic mass at the root of the neck should include a 
serum calcium, and if this is found to be elevated, the possibility of the cyst being of parathy- 
roid origin should be considered. In view of the high concentration of parathyroid hormone 
found within the cyst, aspiration of the cyst contents for parathyroid hormone estimation might 
well prove a valuable test to confirm the diagnosis. 


Functioning parathyroid cysts are 
rare. We have been able to find only 
14 cases in the literature’? and of these 
only 6 are mediastinal in origin.*^9^* 
Confirmation of functional activity of 
such cysts by bioassay of cyst contents 
was first recorded in 1963,? prior to the 
development of the present, refined 
techniques for the assay of parathyroid 
hormone. The purpose of this paper is 
to present a further case of a giant, 
functioning, parathyroid cyst which 
bulged out of the mediastinum into the 
neck, and to discuss the diagnosis and 
pathogenesis of such an unusual lesion. 


CASE REPORT 


The patient, a 60-year-old clergyman, 
noticed a swelling in his left lower neck 
which appeared when he coughed. This 
had been present for some months and 
was slowly increasing in size. Examina- 
tion disclosed a soft swelling deep to 
sternomastoid at the left root of the 
neck which ballooned out to about 8 
cm in diameter on coughing. The swel- 
ling was obviously situated too low in 
the neck to be a laryngocele and careful 
examination indicated that it rose out 
of the mediastinum. Examination of the 
vocal cords by indirect laryngoscopy 
showed nothing abnormal. Tomograms 
of the larynx and a barium swallow con- 
firmed the presence of a soft tissue mass 
on the left side of the neck displacing 
the trachea and esophagus to the right 
(Fig. 1). A radioactive scan showed 





that both the thyroid gland and the 
trachea were displaced towards the 
right. Routine biochemical studies re-: 
vealed hypercalcemia, serum calcium 
3.34 mmol/liter (13.4 mg/100 ml); 
which suggested a diagnosis of parathy- 
roid cyst. Although the patient had no 
other manifestations of hyperparathy- 
roidism and no radiological evidence of 
bone changes or urinary calculi, his 
serum parathyroid hormone level was 
3.1 ng/ml; the normal range using this 
assay being up to 1.0 ng/ml. 


Exploration of the neck was carried 
out on December 14, 1976 through a 
standard collar incision. A tense, grey- 
blue cyst was found deep to the strap 
muscles extending behind the sterno- 
clavicular joint into the superior medi- 
astinum. The cyst was mobilized off the 
left lobe of the thyroid, which was itself 
normal, from the esophagus to which it 
was rather more adherent and out of the 
mediastinum, avoiding the left recur- 
rent laryngeal nerve. Careful inspection 
of the cyst bed failed to disclose any 
obvious parathyroid glands. It was de- 
cided to await histological diagnosis and 
the effect of surgery on his biochemical 
status rather than to explore the other 
side of his neck. 


The operative specimen was a large 
cystic mass (Fig. 2A) weighing 97 gm 
and measuring 8.0 x 5.5 x 4.5 cm. The 
lumen of the cyst was filled with thick, 
brown, gelatinous material some of 
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Fig. 1. Barium swallow x-ray demon- 
strating the soft tissue swelling displacing 
the esophagus to the right. 


which was removed for parathyroid 
hormone assay. The cyst wall was thin, 
its outer surface being smooth but its 
lining being irregularly thickened in 
places by nodular yellowish areas mea- 
suring up to 0.8 cm (Fig. 2B). 


Histological findings were those of a 
parathyroid adenoma which had under- 
gone hemorrhage and cystic degenera- 
tion. The surviving nodular yellowish 
areas lining the cyst showed adenoma 








1cm 


| ais ey 


Fig. 2. A) The surgical specimen, a 
large cystic mass weighing 97 gm. B) The 
cut surface of the cyst showing its thin 
wall and gelatinous contents. 
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Fig. 3. Parathyroid adenoma tissue lin- 
ing the cyst shows marked nuclear pleo- 
morphism with bizarre giant nuclei. (H 
& E, X 320) 


tissue composed predominantly of mas- 
ses of chief cells. There was marked nu- 
clear pleomorphism and hyperchroma- 
tism and many cells with bizarre giant 
nuclei were present (Fig. 3). No mi- 
toses were seen and there was no evi- 
dence of malignancy in terms of vas- 
cular invasion or of infiltration through 
the capsule. In areas the adenoma 
showed well-developed acinar formation 
and small cystic areas into which active 
secretion was taking place (Fig. 4). 
Evidence of hemorrhage was present in 
the contents of the cyst and in its wall 
with cholesterol clefts and abundant 
iron pigment. The fibrous wall of the 
cyst also contained a little residual para- 
thyroid gland tissue, the appearance of 
which was quite distinct from the ade- 
noma tissue, cells being predominantly 
water-clear in type and lacking the nu- 
clear abnormalities of the adenoma. 
(Fig. 5). 


His postoperative course was without 
complications and entirely uneventful, 
and reexamination of the larynx showed 
that both vocal cords moved normally. 
Two days postoperatively the serum cal- 
cium had fallen to 2.33 mmol/liter (9.3 
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Fig. 4. This area within the adenoma 
shows acinar formation and small cysts 
into which active secretion is taking place. 
(H & E, X 150) 


mg/100 ml) and has remained normal 
ever since. There was also a dramatic 
fall in the serum parathyroid hormone 
level to 0.65 ng/ml at this time and this 
has subsequently remained within the 
normal range. Assay of cyst contents 
demonstrated a parathyroid hormone 
level of 50 ng/ml confirming that the 
hormonal activity of the cyst accounted 
for the biochemical abnormality. Figure 
6 charts these preoperative and post- 
operative biochemical changes. 


DISCUSSION 


A parathyroid cyst of this size situated 
at the root of the neck is not only a 
most unusual finding but also may 
present a very difficult diagnostic prob- 
lem. The majority of cysts of this size 
in this site have clinically been assumed 
to be of thyroid origin^*/* and it re- 
quires a high degree of suspicion to 
make a preoperative diagnosis of para- 
thyroid cyst. The correct diagnosis of 
this condition hinges on the finding of 
hypercalcemia but further investigation 
is required to determine that the under- 
lying cause is primary hyperparathy- 
roidism. 


Since the immunoradiometric assay of 





Fig. 5. Within the cyst lumen there are 
abundant cholesterol clefts and phagocytes 
containing iron pigment as evidence of 


old hemorrhage. Residual parathyroid 
gland tissue is seen in the fibrous wall of 
the cyst. (H & E, X 150) 


serum parathyroid hormone'* is readily 
available, this investigation should be 
considered mandatory in all cases found 
to have an unexplained elevation of 
serum calcium. The serum parathyroid 
hormone level is frequently increased 
to as much as tenfold or more in pri- 
mary hyperparathyroidism.'? If neces- 
sary one can undertake differential 
sampling of appropriate neck veins to 
determine the side of the lesion,!? but 
of course in the presence of a clinically 
obvious cyst, aspiration of the cyst con- 
tents for estimation of parathyroid hor- 
mone concentration?" would confirm 
that the cyst is of parathyroid origin. If 
the cyst is cervicomediastinal its full 
extent can only be confirmed by radi- 
ology, including barium studies. 


The origin of parathyroid cysts has 
given rise to much debate and there are 
three possibilities to be considered. It 
is recorded that embryological vestiges 
of thymic or parathyroid ducts, arising 
from the third and fourth branchial 
pouches may become distended to form 
small cysts lined by columnar or ciliated 
epithelium and filled with mucus.^* 
Even within the normal parathyroid 
gland tissue, microscopic cysts may de- 
velop as retention phenomena? and 
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Fig. 6. Changes in parathyroid hormone (PTH) and serum calcium before and after 
operation on day 0. (Conversion factor for serum calcium: 2 mmol/liter = 8 mg/100 


; ml.) 


such microcysts are said to be present 
in up to 80% of normal glands.*^*' Simi- 
lar microcysts and small cysts are found 
in. parathyroid adenomas?'?? but promi- 
nent cystic degeneration is unusual and 
the development of a clinically obvious 
cyst, such as in this case, is rare. Mas- 
sive cyst formation however, is almost 
always associated with an adenoma into 
which hemorrhage has taken place. The 
absence of pain and sudden swelling in 
this case are points against a cyst of 
this size arising as the sole result of sud- 
den hemorrhage, but there is histological 
evidence of minor hemorrhages occur- 
ring over a period of time within the 
adenoma. The surviving adenoma tissue 
within the cyst wall shows evidence of 
microcyst formation which may well 
have been the cause of the initial de- 
velopment of the cyst with repeated 
episodes of hemorrhage as a secondary 
contributory factor. 


The variability of the position of the 
parathyroid glands in the adult is well- 
known and well-documented.** The in- 
ferior parathyroid not uncommonly de- 
scends into the superior mediastinum so 
that a large lesion of the gland may pre- 
sent as a visible swelling in this region. 
Physiological pressure changes acting at 
the thoracic inlet may well explain the 
upward movement of any such mass 
into the neck on forced expiration, this 
feature being well-demonstrated by the 
present case. A further factor arises 


when the mediastinal parathyroid un- 
dergoes adenomatous change since the 
tenuous nature of its blood supply and 
resulting ischemia predispose to chronic 
hemorrhage and cystic degeneration. 


Such parathyroid cysts, although often 
reaching considerable dimensions and 
still retaining active secretory tissue, are 
rarely associated with clinical hyper- 
parathyroidism in terms of bone or stone 
disease. Review of the 14 cases in the 
literature? shows that none of the 
large cysts with a volume of more than 
100 cm? was associated with either bone 
or stone disease whereas these compli- 
cations frequently occurred with cysts 
below this size. This may well be re- 
lated to entrapment of the active para- 
thyroid hormone within the cyst due to 
increasing fibrosis and impaired vascular 
drainage of the cyst wall. In the present 
case the gradient of parathyroid hor- 
mone between the cyst contents and the 
circulating blood was 17-fold and even 
higher gradients of as much as 400-fold 
have been reported, and therefore, it 
is felt that preoperative aspiration of 
such a cyst for parathyroid hormone 
assay might well prove a valuable diag- 
nostic test. It is possible that with time 
and with increasing volume of the cyst 
the functioning parathyroid tissue will be 
destroyed as a result of pressure atrophy 
and this may result in a nonfunctioning 
cyst, the origins of which may be diffi- 
cult, if not impossible, to determine. 
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Brain stem potentials were recorded from scalp electrode to biphasic square wave electrical 


stimulation of implanted electrodes in the cochlea of three patients. Reliable 


otentials could 


be recorded that appeared 1.5 to 2.0 msec prior to the customary acoustically-evoked brain 
stem potentials. The effects of variations in electrical stimulus parameters of rate and intensity 
were measured. Brain stem potentials can provide objective indices of the effectiveness of elec- 


trical stimulation of the cochlea in man. 


Recently, permanently implanted de- 
“vices (cochlear stimulators or implants) 
have been used to electrically activate 
the remaining cochlear nerve fibers in 
deaf patients.^? The design, site of im- 
plantation, and stimulus parameters of 
these devices are still unresolved. At 
present the evaluation of these devices 
is dependent entirely on the subjective 
experiences of the implanted subjects 
revealed by various behavioral tech- 
niques.* 


This paper reports the recording of 
brain stem potentials evoked by elec- 
trically stimulating the cochlea in three 
subjects with intracochlear implants. 
This is an attempt to define by objec- 
tive methods the effectiveness of elec- 
trical stimuli in activating the central 
auditory pathways. 


The brain stem potentials can be 
recorded from scalp electrodes using 
computer averaging techniques. They 
consist of seven components of sub- 
microvolt amplitudes in the first 10 
msec following a brief acoustic stimulus. 
Wave I is thought to represent the ac- 
tivity of the eighth nerve, waves II and 
III originate from the pontine portions 
of the auditory pathway, and waves IV 
and V arise from the midbrain.** The 
generators of waves VI and VII are 
unknown. Auditory brain stem poten- 
tials have been used to evaluate the 
auditory capacity of infants? and brain 


stem functions in neurologically im- 
paired patients.? In this study the acous- 
tic stimulus usually employed to evoked 
brain stem potentials was replaced by 
an electrical pulse applied to electrodes 
in the cochlea. It is presumed that the 
electrical stimulus directly activates the 
fibers of the eighth nerve which in turn 
transmit the impulses to the central 
auditory pathway. 


METHODS AND MATERIALS 


The electrical stimuli applied to the coch- 
lear implants were 0.2 msec biphasic polarity 
square waves from a constant current stimu- 
lator. Current strength was defined by moni- 
toring the voltage drop across a resistor placed 
in series with one of the electrodes. The stim- 
ulus rate varied from 1 to 200/sec. 


Stimulation of the cochlear implants was 
carried out between the most apical electrode 
located in the scala tympani 16 mm from the 
round window. The proximal electrode was lo- 
cated just inside the round window. We did 
not make any systematic attempt to define the 
effects of stimulating various combinations of 
the multielectrode array. However, stimulating 
between one of the intracochlear electrodes 
and a "ground" electrode located outside of 
the cochlea resulted in an accentuation of the 
stimulus artifact that overwhelmed the brain 
stem potentials. We were therefore unable to 
make a systematic assessment of the effects of 
stimulating different electrodes in the cochlea 
on the brain stem potentials. 


Brain stem evoked potentials to the electri- 
cal stimuli were recorded between disc elec- 
trodes placed on the scalp at the vertex (Cz) 
and the earlobe contralateral to the stimulus 
site. An electrode on the ipsilateral earlobe 
served as the ground. The conventional record- 
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ing array of vertex to ipsilateral earlobe used 
to define brain stem potentials from acoustic 
stimulation was not employed because the ar- 
tifact of the electrical pulse was particularly 
large at the earlobe electrode ipsilateral to the 
implanted cochlear device. Only waves I and 
III of the brain stem potentials are significant- 
ly attenuated if the contralateral earlobe is 
used as one of the recording sites.” 


The scalp-derived electrical activity was am- 
plified 100,000 times with a band pass of 100 
Hz to 3 kHz (3 dB down points) and led to 
a computer for averaging. The computer time 
base was 10.24 msec and consisted of 256 
points with a 40 usec dwell time at each point. 

A total of 2,048 stimulus trials comprised 
each average and a duplicate average was 
made at each condition to define reproducibil- 
ity of results. The resulting averages were re- 
corded on an X-Y plotter and the latencies of 
the various components defined at their peaks. 
Each patient was tested on at least two sep- 
arate occasions. 

The contribution of facial muscle activity to 
the evoked potentials was ascertained by re- 
cording between electrodes above and below 
the eye ipsilateral to the implanted cochlea. 
This control is necessary since the facial nerve 
passes close to the cochlea and may be acti- 
vated when the intracochlear electrodes are 
stimulated. The muscle potentials were ampli- 
fied 1 x 10* and averaged in the same manner 
as when recording the brain stem potentials. 

At each recording session the subjects’ sub- 
jective experiences to the various stimuli were 
noted. A quantitative analysis of their percep- 
tion of electrical stimulation is detailed in sev- 
eral papers." 

One of the subjects (PH) had intact hear- 
ing in the ear contralateral to the implanted 
electrode. In this subject click-evoked auditory 
brain stem potentials were also recorded. 


CASE REPORTS 


Case 1. PH was a 61-year-old male 
with left-sided Méniére's disease since 
1960 which resulted in a profound hear- 
ing impairment and disabling episodic 
vertigo. A left translabyrinthine vestib- 
ular nerve section was performed on 
April 14, 1975, in which the semicircu- 
lar canals and all of the vestibular con- 
tents were removed. The vestibular 
nerves were sectioned and Scarpa's gan- 
glion excised. The facial and cochlear 
nerves were not disturbed. The patient 
wished to serve as an experimental sub- 
ject for an electrical implant. He appre- 
ciated the risks of the procedure as well 
as the fact that the prosthesis would not 
be of any benefit. His informed consent 
was obtained and the bone work nec- 
essary for the cochlear implant (open- 
ing of the facial recess) was performed 
at this same operation. 
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Fig. 1. Brain stem potentials evoked by 
electrical stimulation of the cochlea in 
three patients (PH, JB, CR). The record- 
ings were made between the vertex and a 
reference electrode on the earlobe con- 
tralateral to the stimulated cochlea. Pos- 
itivity at the vertex electrode is displayed 
in an upward direction. The stimulus was 
an 0.2 msec biphasic constant current 
pulse presented at a rate of 10/sec. The 
intensity of the stimulus was adjusted to 
produce a clearly perceptible auditory 
experience. Duplicate averages to 2,048 
stimulus trials were made in each patient. 
The large deflections at the onset of each 
trace represent the artifact of the current 
applied to the intracochlear electrodes. 
The Roman numerals above the traces re- 
fer to the component's designation ac- 
cording to the nomenclature of Jewett and 
Williston.’ M - Far-field reflection of mus- 
cle potentials evoked in facial muscles ip- 
silateral to the stimulated cochlea. Cali- 
bration - 0.25 uV and 2 msec. 


Six weeks later a five-wire electrode 
was placed from the mastoid through 
the facial recess into the scala tympani 
via the round window under local anes- 
thesia. The most apical electrode was 
located 16 mm from the round window. 
The electrodes were separated by 4 mm 
with the fifth electrode lying just inside 
the round window. A sixth electrode 
was placed into the bone of the prom- 
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TABLE 1. LATENCY OF BRAIN STEM POTENTIALS IN MSEC TO ELECTRICAL 
STIMULATION OF THE COCHLEA.* 














I II III IV V 
Pe: Pos Neg Pos Neg Pos Neg Pos Neg Pos Neg M 
PH ND ND 1.4 1.6 2.0 2.4 3.0 3.4 38 45 5-8 
JB ND ND ND ND 1.9 2.4 3.0 ND 40 4.6 6-8 
CR ND ND ND ND ND 30 ND ND 3.9 4.6 5-8 


*Polarity designation is vertex referenced to contralateral earlobe. 


ND - Not detected; M - Muscle. 


ontory outside of its lumen. The seventh 
electrode was to serve as a ground and 
was placed beneath the temporalis 
muscle. All electrodes were connected 
to an external button of pyrolyzed car- 
bon which protruded through the skin 
above the mastoid. 


Case 2. JB was a 61-year-old engineer 
with profound hearing loss since birth. 
The etiology of the loss was unknown 
but presumed to be due to hypoxia 
associated with birth. A similar type of 
cochlear implant as received by the first 
patient was implanted on April 2, 1975, 
under general anesthesia. 


Case 3. CR was 66 years old at the 
time of study. He had become deaf bi- 
laterally from syphillis and had been 
implanted with a silver five-electrode 
system? connected to a Teflon? trans- 
cutaneous pedestal six years previously. 


RESULTS 


The averaged brain stem potentials to 
electrical stimulation of the cochlea de- 
rived from the three subjects are pre- 
sented in Figure 1. The stimulus arti- 
fact occupies the initial segment of all 
three traces, and is most prominent in 
the bottom records. Table 1 contains the 
latencies of the various vertex positive 
components and following negative 
troughs in the three subjects to 10/sec 
stimulus at current strengths that pro- 
duced a moderately loud acoustic sen- 
sation. 


A large vertex positive wave occur- 
ring at a latency between 3 and 4 msec 
was designated as the IV-V complex to 
correspond to the largest brain stem 
component elicited by acoustic stimula- 
tion. Wave IIT was clearly evident in two 
of the three subjects (PH and JB), while 
the negative component that occurs be- 
tween waves III and the IV-V complex 
at a latency of 2.5 to 3.0 msec was well- 


defined in all three subjects. In contrast, 
wave II was evident in only one of the 
subjects (PH) and wave I could not be 
defined in any of the subjects. 


The parallel between the brain stem 
potentials evoked by electrical and 
acoustic stimulation is shown in Figure 
2. The records are derived from the 
subject whose hearing was intact in the 
ear opposite the electrode implant. The 
top traces (electrical) are averaged 
brain stem potentials to electrical stim- 
ulation of the implanted ear at 10/sec. 
The lower traces (acoustic) are the 
averaged brain stem potentials to 65 dB 
HL clicks presented at 10/sec. The two 
sets of potentials have been arranged so 


ELECTRICAL 





ACOUSTIC 








Fig. 2. (Case 1) Comparison of brain 
stem potentials evoked by electrical stim- 
ulation (upper traces, electrical) and 65 
dB HL clicks (lower traces, acoustic). 
The traces have been adjusted so that 
components III and IV-V are aligned. The 
details of the recording and stimulation 
are identical to Figure 1. 
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SCALP 
ORBICULARIS 
OCULI 


2 msec 


Fig. 3. Brain stem potentials evoked by 
electrical stimulation of the cochlea re- 
corded from the vertex (top traces, scalp) 
referenced to the contralateral earlobe and 
facial muscle activity recorded from elec- 
trodes above and below the eye (lower 
traces, orbicularis oculi). Note that the 
brain stem components III and V occur 
prior to the appearance of facial muscle 
potentials whereas the component desig- 
nated M coincides with the facial muscle 
potentials. 


that both wave III and the IV-V com- 
plexes are aligned. 


The designation of a component occur- 
ring between 5 and 8 msec as the far- 
field reflection of facial muscle activity 
was established by simultaneously re- 
cording facial muscle activity from the 
orbicularis oculi (Fig. 3). In two of the 
subjects (PH. and JB), the threshold of 
current for evoking brain stem poten- 
tials was considerably lower than that 
for eliciting facial muscle activity. In 
the third patient facial muscle activity 
was evident at the threshold for auditory 
sensation. The initial appearance of a 
muscle potential occurred at 4.5 msec 
and achieved peak amplitude at 6.5 
msec. Thus any component of the scalp- 
derived averages occurring after 4.5 
msec must be considered as a far-field 
reflection of muscle activity until proven 
otherwise. 


Parametric studies of both strength 
and rate of stimulation on the evoked 
brain stem potentials were detailed in 
one subject. For this individual, chang- 
ing the current strength at 10/sec stim- 
ulus rate had little effect on either the 
latency or amplitude of the brain stem 
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Fig. 4. (Case 1) Brain stem potentials 
evoked by electrical stimulation of the 
cochlea at different current intensities. 
The threshold for “hearing” was 0.13 
mamp. The method of stimulating, re- 
cording, and brain stem component desig- 
nation is detailed in Figure 1. 


potentials once threshold for “hearing” 
was exceeded (Fig. 4 and Table 2). 
Thus, 0.2 mamp stimulation was said to 
be “not much different in loudness” from 
a 2.0 mamp stimulus. 


The effects of signal intensity on brain 
stem potentials using acoustic stimuli 
are different. Click-evoked auditory 
brain stem potentials decrease in latency 
as signal intensity increases!* while sub- 
jects experience a corresponding growth 
of loudness. It should be noted that 
“loudness” functions to electrical stimu- 
lation at the 100/sec rate have been re- 
ported to grow with current strength.” 


Changes in stimulus rate of the elec- 
trical currents affected both the ampli- 
tude and the latency of the brain stem 
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TABLE 2. LATENCY OF BRAIN STEM POTENTIALS IN MSEC TO ELECTRICAL 
STIMULATION OF THE COCHLEA AS A (f) STIMULUS STRENGTH* 











Current 
Strength II II IV V 
in mamp Pos Neg Pos Neg Pos Neg Pos Neg 
0.10 ND ND ND ND ND ND ND ND 
0.15** ND ND ND 2.5 ND ND 3.6 4.5 
0.20 1.4 1.6 2.0 2.4 3.1 ND 3.7 4.5 
0.40 1.3 1.6 2.0 2.4 3.0 ND 3.6 4.5 
0.80 1:2 1.5 1.9 2.4 3.0 ND 3.5 4.4 
1.20 1.4 1.6 2.0 2.4 3.0 ND 3.5 4.5 


*Polarity designation is vertex referenced to contralateral earlobe. 


**Threshold for sound sensation. 

, ND - Not detected. 
potentials (Fig. 5 and Table 3). As the 
stimulus rate increased, the potentials 
decreased in amplitude and shifted 
slightly in latency. The amplitude dec- 
rement eventually résulted in the loss of 
evoked potential waveforms at 200/sec 
stimulus rates. 


The latency shift with changes in 
stimulus rate was slight. The positive 
component of wave V shifted from 3.6 
msec at l/sec to 4.0 msec at 10/sec, 
but did not shift further when the rate 
was increased to 100/sec. This is in 
contrast to the prolongation of wave V 
latency by up to 1.0 msec by click sig- 
nals when the click rate is increased 
from 10 to 70-100/sec.15-17 


ELECTRICAL 
LU 


Stimuli /Sec. 


200 


Fig. 5. (Case 1) Brain stem potentials 
evoked by electrical stimulation of the 
cochlea at different rates of stimulation. 
Note the lack of any latency shift in the 
potentials evoked by stimulus rates of 10 
and 100/sec. No evoked potentials were 
defined at 200/sec although the patient 
had a clear auditory perception from the 
stimulus train. The method of stimulus 
presentation, recording, and evoked po- 
tential designation is detailed in Figure 1. 


DISCUSSION 


These results show that brain stem 
potentials can be reliably evoked by 
brief electrical pulses applied to the 
cochlea in man. The potentials corres- 
pond in form and amplitude to those 
customarily derived by transient audi- 
tory signals (clicks) with two principal 
exceptions. First, wave I could not be 
detected using the electrical stimulus 
because of the occurrence of a large 
stimulus artifact at the time that wave 
I would have appeared, and the elec- 
trode configuration employed (vertex- 
opposite earlobe) is not optimal for this 
component. Secondly, the components 
evoked by electrical stimulation occur 
1.5 to 2.0 msec before those evoked by 
acoustic stimulation since electrical stim- 
ulation bypasses the temporal require- 
ments of an acoustic signal to travel 
through the ear canal and middle ear 
and be transduced into nerve impulses 
in the cochlea. 


While the exact location of the stim- 
ulating electrode in relation to the sur- 
viving nerve fibers is unknown, several 
phenomena were observed as to the 
effects of stimulus intensity and rate on 
the brain stem potentials. First the am- 
plitude and latency of brain stem po- 
tentials evoked by electrical stimulation 
of the cochlea changed little once the 
threshold of “hearing” was achieved. 
This is to be contrasted with the brain 
stem potentials evoked by acoustic sig- 
nals in which latency shortens and am- 
plitudes increase as stimulus strength is 
raised. These differences indicate that 
the dynamic range for electrical stimula- 
tion is considerably restricted (approx- 
imately 10 dB) compared to acoustic 
stimulation (approximately 80 dB). The 
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TABLE 3. LATENCY OF BRAIN STEM POTENTIALS IN MSEC TO ELECTRICAL 
STIMULATION OF THE COCHLEA AS A (f) OF STIMULUS RATE® 











Stimulus II III IV V 
Rate/sec Pos Neg Pos Neg Pos Neg Pos Neg 
1 1.3 1.6 2.0 2:3 3.1 ND 3.6 4.5 
10 1.4 1.6 2.0 2.4 2.8 ND 4.0 4.5 
50 ND 1.9 2.1 2.5 ND ND 4.0 4.8 
100 ND ND 2.2 2.5 ND ND 4.0 4.6 
200 ND ND ND ND ND ND ND ND 


*Polarity designation is vertex referenced to contralateral earlobe. 


ND - Not detected. 


observation that central conduction 
times, ie, the latency differences be- 
tween wave I and the other compo- 
nents of the auditory brain stem poten- 
tials, are unaffected by signal strength'* 
19 also reflects the primary role of the 
cochlea in transforming signal intensity 
into appropriate neural codes. The 
graded activation of the eighth nerve 
fibers by electrical stimulation is unlike- 
ly because the fibers have the same 
general size and degree of myelination. 
Thus, the electrical stimuli probably en- 
gage all of the remaining eighth nerve 
fibers at about the same current 
strengths. 


Changes in stimulus rate from 10/sec 
to 100/sec had little effect on the la- 
tency of brain stem potentials evoked 
by electrical stimulation whereas these 
potentials can shift up to 1.0 msec when 
acoustic stimulation rates are corres- 
spondingly changed.'^** This result sug- 
gests that the shift in latency with in- 
creasing rates of auditory stimulation 
also derives from cochlear processes. 


Changes in electrical stimulus rate did 
affect the amplitude of potentials. The 
components decreased in amplitude 


above 50/sec and could not be detected 
at 200/sec. Correspondingly the ampli- 
tude of acoustically-evoked brain stem 
potentials also decreases with stimulus 
rate. Even though the amplitude of both 
the electrically and acoustically evoked 
brain stem potentials diminish to the 
point of absence, auditory sensations 
persist. Thus, it is likely that these com- 
ponents of the brain stem potentials 
have little direct relation to the neural 
mechanisms underlying loudness dis- 
crimination.?? 


The results of these studies on three 
patients provide objective evidence that 
electrical stimulation of the cochlea in 
man can activate some of the same 
neural pathways that are also involved 
by natural acoustic stimulation. The 
ability to detect brain stem potentials 
from electrical stimulation of the coch- 
lea could provide a means for objective- 
ly defining the function and optimum 
placement of a stimulating prosthetic 
device. Certainly these measures can 
never substitute for behavioral tests, but 
they provide another level of analysis 
which can provide useful parametric 
data as to the functioning of the coch- 
lear nerve fibers and the prosthesis. 
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The distribution of adrenergic, cholinergic and 


eptidergic nerves in the feline eustachian 


tube was studied using histochemical techniques. Adrenergic, acetylcholinesterase-positive and 


vasoactive intestinal polypeptide immunoreactive nerves were numerous in 


the tubal wall. All 


three types of nerve fibers occurred in the subepithelial layer, around small blood vessels and 
around the acini of seromucous glands. No nerves displaying substance P or enkephalin im- 


munoreactivity were observed. 


Recent studies indicate that the auto- 
nomic nervous system comprises not 
only adrenergic and cholinergic nerves 
but also nerves containing peptides, 
such as vasoactive intestinal polypep- 
tide (VIP),"? substance P,** and en- 
kephalin.** 


While adrenergic and  cholinergic 
nerves have long been known to exist 
in the upper respiratory airways, includ- 
ing the nasal mucosa,** peptidergic 
nerves have been demonstrated only 
recently in this location by immuno- 
histochemistry.!?! The autonomic inner- 
vation of the eustachian tube has re- 
ceived only little attention. We therefore 
decided to examine the feline eusta- 
chian tube for the occurrence and dis- 
tribution of adrenergic, cholinergic and 
peptidergic nerves. 


METHODS AND MATERIALS 


Demonstration of Adrenergic Nerves. Three 
adult cats were perfused with 300 ml of a 
formaldehyde-glyoxylic acid solution contain- 
ing a high concentration of magnesium ions 
at acid pH.” The eustachian tubes were dis- 
sected out, frozen to the temperature of liquid 
nitrogen in a mixture of propane and pro- 
pylene, and freeze-dried. The specimens were 
then treated with gaseous formaldehyde (50% 
humidity) at 80 C for one hour, embedded in 
paraffin in vacuo, sectioned (6 4) and 
mounted in Entellan® (Merck, Darmstadt, 


FRG). This treatment renders adrenergic 
nerves intensely fluorescent due to their con- 
tent of noradrenaline.” 


Demonstration of  Acetylcholinesterase 
(AChE) Positive Nerves. Three cats were killed 
by exsanguination during pentobarbital sodi- 
um anesthesia. Cryostat sections from fresh 
frozen eustachian tube specimens were kept 
in a Na;SO, solution (24%) at 37 C overnight. 
They were then incubated for five hours at 
room temperature in acetylthiocholine iodide 
(Fluka AG, Buchs SG, Switzerland) for ace- 
tylcholinesterase staining according to the 
technique of Koelle.* The specificity of the 
staining was confirmed by using Mipafox® 
(N,N- diisopropylphosphorodiamid fluoride, 
4x10"M) (FOA, Stockholm, Sweden) to in- 
hibit butyrylcholinesterase, and 284 C51 (1,5 
bis allyldimethyl-ammonium-phenyl) pentan- 
3-one dibromide, 10°°M (Wellcome Res Labs, 
Beckenham, England) to inhibit acetylcholin- 
esterase. The sections were counterstained 
with eosin and mounted in Permount®. 


Demonstration of Peptidergic Nerves. 'Three 
cats were killed by exsanguination during light 
pentobarbital sodium anesthesia. Specimens 
from the eustachian tubes were freeze-dried 
and treated with diethylpyrocarbonate vapor 
at 55 C for three hours? and embedded in 
paraffin in vacuo. Sections, cut at 5 4, were 
deparaffinized and processed for the immuno- 
histochemical demonstration of VIP, substance 
P or enkephalin using the indirect immuno- 
fluorescence method" or the peroxidase-anti- 
peroxidase (PAP) procedure." The VIP anti- 
serum? has been characterized in detail by 
Fahrenkrug & Schaffalitzky de Muckadell.” 
A characterization of substance P antiserum*?? 
was reported by Nilsson et al.? Leucin-enkeph- 


*VIP antiserum (code no. 5603) was supplied by Drs. J. Fahrenkrug and O. Schaffalitzky 
de Muckadell, Department of Clinical Chemistry, Bispebjerg Hospital, Copenhagen, Denmark. 

**Substance P antiserum (code no. K 16) was donated by Dr. G. Nilsson, Department of 
Pharmacology, Karolinska Institute, Stockholm, Sweden. 

From the Department of Otolaryngology, University Hospital, Malmö; and the Departments 
of Histology and Pharmacology, University of Lund, Lund, Sweden, Supported by Swedish Medi- 


cal Research Council Grant No. 04X-4499. 
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Fig. 1, Sections from pharyngeal part of eustachian tube, treated for the fluorescence 
histochemical demonstration of adrenergic nerves. a) Scattered adrenergic nerve fibers 
in peritubal connective tissue ( X300). b) Numerous nerve terminals around acini of 
seromucous gland. (X200) 





b) High magnification of longitudinal section through the tubal wall showing a dense 
plexus of subepithelial AChE positive nerves. (X300) 
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Fig. 3. Sections from pharyngeal portion of eustachian tube, treated for the immuno- 
histochemical demonstration of vasoactive intestinal polypeptide (VIP), PAP technique. 
a) Low magnification photograph showing fine varicose VIP nerves within seromucous 


glands and along submucosal 


lood vessel (arrows) (X150). b) High magnification 


photograph through seromucous gland showing delicate, beaded VIP immunoreactive 
nerve terminals running among acini. (X400) CT - Tubal cartilage. 


alin antiserum? has been characterized also." 
For immunofluorescence, VIP antiserum was 
used in dilution 1:80, substance P antiserum 
in dilution 1:20 and leucin-enkephalin anti- 
serum in dilution 1:60. The site of the anti- 
gen-antibody reaction was revealed by fluo- 
rescein isothiocyanate (FITC) labelled shee 
anti-rabbit IgG (SBL, Stockholm, Sweden 
diluted 1:20. 


In the PAP procedure, the VIP antiserum 
was used in dilution 1:5600, substance P an- 
tiserum in dilution 1:80 and the leucin-en- 
kephalin antiserum in dilution 1:240. The PAP 
complex (Cappel Labs, Downington Pa, USA) 
was used in dilution 1:320. As controls in the 
immunohistochemical procedures served sec- 
tions incubated with antiserum inactivated by 
the addition of excess antigen (100 ug of an- 
tigen per ml diluted antiserum ).*? Synthetic 
substance P and leucin-enkephalin were pur- 
chased from Beckman, Geneva, Switzerland. 


RESULTS 


Sections from specimens treated ac- 
cording to the modified Falck-Hillarp'^ 
13 fluorescence method revealed an 
abundance of fine varicose adrenergic 
nerve fibers forming met-lihe plexa 
around blood vessels and around the 
acini of seromucous glands. The adren- 


ergic nerve fibers were most numerous 
in the pharyngeal part of the tube, 
which is particularly rich in seromucous 
glands. In addition, coarse adrenergic 
nerves were seen to penetrate into the 
subepithelial region along the hyaline 
cartilage (Fig. 1 a, b). 


Staining for AChE revealed a promi- 
nent system of nerve fibers in the wall 
of the eustachian tube forming a dense 
network around the glandular acini and 
in the subepithelial layer all along the 
tubal wall (Fig. 2 a, b). AChE posi- 
tive nerve fibers were also seen to sur- 
round blood vessels. 


VIP immunoreactive nerve fibers 
were numerous around the acini of sero- 
mucous glands, sometimes forming net- 
like plexa. In addition, scattered VIP 
nerve terminals were observed around 
small blood vessels and in the sub- 
epithelial layer (Fig. 3 a, b). No sub- 
stance P or enkephalin immunoreactive 
nerves were observed in the wall of the 
eustachian tube. 


*Provided by Dr. K. J. Chang, Welleome Research Laboratories, Research Triangle Park, 


NC. 


**Pure porcine VIP was provided by Prof. V. Mutt, Karolinska Institute, Stockholm, Sweden. 





DISCUSSION 


Various pharmacological and electro- 
physiological experiments have been 
performed in order to throw light on 
the neural mechanisms involved in the 
function of the eustachian tube.?^*? 
Stimulation of cervical sympathetic 
nerves in dogs causes an increased 
patency while stimulation of the vidian 
nerve results in a decreased patency.?^*: 
In previous studies, adrenergic, AChE 
positive and VIP-containing nerves have 
been noted around seromucous glands 
and blood vessels in the nasal muco- 
sa,"!^?*?* while AChE positive nerves 
have been observed around the inlet of 
the eustachian tube to the middle ear. 


In the present study, adrenergic, 
AChE positive and  VIP-containing 
nerves were observed in the eustachian 
tube. All three types of nerves occurred 
in the subepithelial layer, around the 
acini of the seromucous glands and 
around blood vessels. The nerves were 
particularly numerous in the pharyngeal 
part of the eustachian tube where the 
seromucous glands predominated. Peri- 
vascular nerves were also numerous in 
the pharyngeal part reflecting the ex- 


UDDMAN ET AL 


tensive vascular supply of the glands in 
this region.?* 


From observations on the nervous 
control of other glands it is not incon- 
ceivable that stimulation of cholinergic 
nerves causes increased secretion and 
vasodilatation, while stimulation of ad- 
renergic nerves causes a reduced secre- 
tion and vasoconstriction. VIP nerves 
have been found in several exocrine 
glands,^*5* where they may stimulate 
secretion.??? In addition, VIP nerves 
occur around blood vessels,* a location 
which fits well with the known potent 
vasodilatory action of VIP.*»9? 


In conclusion, this study has demon- 
strated the occurrence of adrenergic, 
AChE positive and VIP-immunoreactive 
nerve fibers in the wall of the eusta- 
chian tube. Here they are distributed in 
the same manner as in the nasal muco- 
sa." On the basis of known and pro- 
posed functions of these nerves else- 
where and their distribution in the eu- 
stachian tube, it is probable that they 
take part in the regulation of patency by 
controlling local blood flow and secre- 
tory output from the tubal glands. The 
functional role of the prominent supply 
of subepithelial nerve fibers is unknown. 
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This is a microchromatographic method for simultaneous determinations of O:, N:, CO: and 


N:O in gas samples of 40-1004]. A Packard 836 U gas chromatograph with 


a thermal conduc- 


tivity detector and helium gas as carrier was used. The combination of Porapak® and 5A molec- 
ular sieve column system was found adequate and is described in detail. The fidelity of this 
method was proved by a high constancy of the retention time, the linearity of the response and 
the reproducibility of results. The present method proved to be reliable for determination of all 
middle ear gases in man and experimental animals during general anesthesia with N:O. 


The middle ear gas (MEG) is an im- 
portant factor influencing the middle ear 
function. Increase’ as well as decrease^* 
of its pressure will result in various 
degrees of hearing loss or vestibular 
reaction." 


Investigations were made mainly on 
pressure variations"? but no distinction 
was made between the individual com- 
ponent gases, namely N», O, and CO.. 
Little attention was focused on the pos- 
sible variations in the composition of 
MEG." Such qualitative changes are 
encountered during general anesthesia 
with N.O,9?/? serous otitis media and 
eustachian tube hypoventilation.'?^ Dur- 
ing an investigation of the possible influ- 
ence of general anesthesia with N.O on 
the composition of MEG, an efficient 
micromethod for simultaneous determi- 
nation of all the components of MEG 
was developed. This method is de- 
scribed as follows. 


METHODS AND MATERIALS 


Determinations of MEG were performed 
experimentally on mongrel dogs under general 
anesthesia, using sodium thiopentone intra- 
venously and an N:O/O» mixture. Adequate 
visualization of the tympanic membrane ( TM) 
necessitates an operative retroauricular ap- 
proach to shorten the cartilagenous auditory 
conduct. Only following this procedure, ac- 
curate visualization was achieved by the mag- 
nification of an operating microscope, through 
an ear speculum introduced into the short- 
ened ear canal. To prevent leakage of MEG 
or inadvertent admixture with the environmen- 


tal air, the gas sampling was performed under 
a seal of 4-5 mm of water covering the TM.’ 


Hamilton gastight syringes were used for 
MEG sampling. These syringes, in addition to 
their tightness, have a minimal dead space. 
Only healthy ears with nonperforated TM were 
included. Under those conditions we were 
able usually to obtain 40-6041 of MEG. 


Gas Chromatographic Analysis. A Packard 
836 U gas chromatograph with a thermal con- 
ductivity detector (180 mamp intensity and 
10 mV sensitivity) was used. The separation 
of the individual gases was performed on four 
successive columns system connected to the 
thermal conductivity detector (Fig. 1), using 
helium purified to 99.05%, as carrier gas. Spec- 
diieetion of the columns utilized are as fol- 
ows: 


l. Silica gel column: Glass column of 30.5 
cm on .625 cm diameter was filled with silica 
gel (Packard), 6 to 16 mesh. The purpose of 
this column was to dry the carrier gas. 


2. Porapak® column: Glass column of 223.5 
cm on .625 cm was filled with Porapak® 
(Packard) 50 to 80 mesh. Through this col- 
umn O; and N: passed immediately, while the 
retention times (RT) of CO: and N:O were 
different. 


3. Silica gel-molecular sieve column: Glass 
column of 30.5 cm on .846 cm. The first half 
of this column contained silica gel 6 to 16 
mesh (Packard) and the second half molecu- 
lar sieve type 13X, .158 cm pellets (Packard), 
separated by a glass wool layer, On this col- 
umn, water vapors were trapped by silica gel 
and CO, by molecular sieve. 


4. 5A molecular sieve column: Glass col- 
umn of 286.9 cm on .625 cm was filled with 
5A molecular sieve (Packard) 80 to 100 mesh. 
Through this column O: and N: were released 
successively. 


The four columns were arranged successive- 
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Fig. l. The four column system con- 
nected to the thermal conductivity de- 
tector. TC - Thermal Conductivity De- 
tector; a - Helium inlet; b - Gas sample 
inlet; c - Gas outlet; 1 - Silica gel col- 
umn; 2 - Porapak® column; 3 - Silica 
gel-molecular sieve 13X column; 4 - 5A 
Molecular sieve column. 


ly. The inlet of Porapak® column was con- 
nected to silica gel column and the outlet was 
attached to the first chamber of thermal con- 
ductivity detector (TC)I (Fig. 1). The out- 
let of TCI was connected to the silica gel- 
molecular sieve column. The last column (5A 
molecular sieve) was connected to the second 
chamber of the thermal conductivity detector 
( TCII). The gas chromatographic analysis was 
recorded by a Nippon recorder at 3.75 mm/ 
min paper speed. 


The O: and N; having a lower molecular 
weight, pass together more rapidly than the 
CO; and N:O through the Porapak® column 
and give a signal on the TCI detector ex- 
pressed by the first sharp and narrow negative 
peak on the chromatograph (Fig. 2). This 
mixture is then separated by the 5A molecular 
sieve column and detected by the TCII de- 
tector, giving the second and third positive 
peaks. 


On the Porapak® column CO; flows quicker 
than NO. and the two gases give signals on 
the TCI detector for the fourth and fifth nega- 
tive peaks respectively. A standard gas mix- 
ture (SGM): CO, - 10%; O: - 20%; N:O - 30%; 
N: - 40% was used for standard curves (Fig. 
2). Every sample analysis was calculated 
against the standard curves of the same day. 


Peak Height 








Time 


Fig. 2. Gas chromatographic analysis 
of standard gas mixture: O: 20%; N. 40%; 
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TABLE 1. STANDARD GAS MIXTURE: 
RETENTION TIME CHARACTERIZATION 
FOR CO:, O., Nz, N:O 











Peak 
Gas RT (min) Direction 
CO; 9 Negative 
O: 3 Positive 
N: '6 Positive 
N:O ll Negative 


RT - Retention time, 


RESULTS 


The retention time of the four gases, 
measured from the beginning of the first 
negative sharp peak, representing the 
mixture of O, and N, is presented in 
Table 1. In order to test the reproduci- 
bility of the method, ten samples of 
50 ul and 100 „l each were examined 
successively. The results, summarized in 
Table 2, demonstrated that coefficients 
of variation for the various peaks varied 
from 4.5% to 10.9%. 


The linearity of the procedure was 
tested by injecting increasing volumes 
of SGM from 50 „l to 250 jl. The results 
(Fig. 3) demonstrated that a linear re- 
lationship was obtained within those 
limits for all the four gases, indicating 
that upon analyzing 100 „l gas samples 
reliable results would be obtained up to 
the following gas concentrations: Co. 
25%; O. 50%; N. 100%; N.O 75%. 


This method was used for the deter- 
mination of MEG composition during 
anesthesia with N.O/O. in dogs. Usually 
40 ul to 60 ul of MEG was analyzed. 
The peak heights of the four gases were 


TABLE 2. CHROMATOGRAPHIC PEAK 
HEIGHTS OF 50 AND 100 4] SAMPLES OF 
GAS MIXTURES (N = 10) 











Gas Vol MPH SD CV 
CO. 50 1.47 .09 6.1 
©; 50 5.63 .50 8.9 
N: 50 7.95 ST 10.9 
N:O 50 4.40 20 4.5 
CO: 100 3.05 31 10.2 
O. 100 10.95 .68 6.2 
N: 100 15.88 .96 6.0 
N:O 100 8.98 .66 7.3 


Vol - Volume of SGM (ul); MPH - Mean 
Peak Height; SD - Standard Deviation; 
CV - Coefficient of Variation %. 
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Fig. 3. Peak height of 50-250 1 stan- 
dard gas mixture. 


measured and calculated for a standard 
volume arbitrarily fixed to 100 pl. The 
quantity of each gas expressed as per- 
cent content, was calculated by com- 
parison with the results obtained with 
iy ul of SGM examined on the same 
day. 


An example of the results obtained in 
a dog after one hour of N.O/O, anes- 
thesia at 6/2 liter per minute flow rate 
is shown in Figure 4, from which the 
composition of MEG was calculated to 
be as follows: O, 9%; N: 59.5%; CO, 5.5%; 
N:O 26%. 

DISCUSSION 


The purpose of this method has been 
to solve the problem of separation and 
quantitative determination of CO», O», 
N., N.O in MEG samples of 40-100 pl, 
obtained during general anesthesia with 
N:O. 


Ingelstedt et al'* and Sadé and Weis- 
mant? determined individual MEG com- 
ponents using in vivo pO. and pCO, 
electrodes. The gas chromatographic 
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Fig. 4. Analysis of middle ear gas 
(MEG) from a dog during N.O/O: anes- 
thesia in comparison with standard gas 
mixture. The composition of MEG: O: 
9%; Nz 59.5%; CO: 5.5%; N.O 26%. 


method as a tool in MEG determination 
was initially used by Riu et al'? in 1966, 
but no N.O determinations were made. 


Iu the present investigation it has 
been found that the combination of 
Porapak® and 5A molecular sieve'? col- 
umn system is efficient for the separa- 
tion and simultaneous determinations of 
the four gases in micro samples of MEG. 


The fidelity of the method was 
proved by the constant retention times, 
the linearity of the response and the fair 
reproducibility of results. By this method 
we are able to perform determinations 
of the MEG components in physiologi- 
cal and pathological conditions in man 
and experimental animals during general 
anesthesia with or without N.O. 
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OSTEOMAS AND EXOSTOSES OF THE EXTERNAL AUDITORY CANAL 


A CLINICAL, HISTOPATHOLOGIC AND SCANNING ELECTRON 
l MICROSCOPIC STUDY 


MarcorM D. Granam, MD 


ANN ARBOR, MICHIGAN 


Osteomas of the external auditory canal are considered clinically to be discrete, 


eduncu- 


lated bone lesions arising along the tympanosquamous suture. They are benign lesions but often 
are slowly progressive in size. Exostoses of the external auditory canal are broad-based eleva- 


tions of bone usually multiple and bilaterally s 
pears that both clinical and histopathologic evi 
these two lesions should be considered separate entities and clinical diagnostic an 


poren involving the im anic bone. It ap- 
ence is sufficient to justi 


y the impression that 
d Distopato- 


logic criteria have been suggested for diagnosis of these lesions. 


A review of the literature concerning 
osteomas and exostoses of the external 
auditory canal reveals no agreement as 
to either the clinical or histopathologic 
differences between these lesions. 


For some time, we have made a clear- 
cut clinical differentiation between the 
solitary pedunculated osteoma of the ex- 
ternal auditory canal and the bilaterally 
symmetrical diffuse exostosis of the ex- 
ternal auditory canal. We now have 
evidence to show that these two lesions 
are in fact quite different histologically. 


Morrison made the first clear-cut 
clinical distinction between osteomas 
and exostoses. Kline and Pearce? report- 
ed that while exostoses were frequently 
found, osteoma of the external auditory 
canal was a rarely encountered lesion. 
Sheehy? suggested that a definition be 
agreed upon and that the two conditions 
be considered separately. He proposed 
that osteoma of the external auditory 
canal refer to a unilateral, solitary, pe- 
dunculated bony growth attached to the 
tympanosquamous suture lateral to the 
isthmus, while exostosis of the external 
auditory canal refer to the broad-based 
elevations of bone, usually multiple and 
bilaterally symmetric, involving the en- 
tire tympanic bone. 


The purpose of this report is to ex- 
amine histopathologic material and to 
correlate it with clinical histories in an 


attempt to elucidate whether or not a 
differentiation between osteoma and ex- 
ostosis is justified histologically as it 
appears to be clinically. 


METHODS AND MATERIALS 


Three osteoma (cases 1-3) and two exosto- 
ses (cases 6 and 7) specimens were available 
for light microscopic study. These specimens 
were collected in a 0.5% buffered formalde- 
hyde solution at the time of surgical removal, 
then decalcified and finally embedded in cel- 
loidin. Twenty micron thick sections were cut 
and stained with H and E and mounted in 
Canada balsam. 


Two osteoma (cases 4 and 5) and two 
exostoses (cases 6 and 7) specimens available 
for study with the scanning electron micro- 
scope were fixed immediately in the operating 
room in a cold phosphate buffered 2% glutaral- 
dehyde solution, washed in Ringer’s solution, 
postfixed in cold 1% osmic acid, and dehy- 
drated in graded alcohols. Specimens were 
then transferred from alcohols to a series of 
increasing concentrations of ethyl alcohol and 
amyl acetate. The tissue was critically point 
dried, fractured to allow visualization of both 
internal and external surfaces, secured to alu- 
minum stubs, and coated with gold approxi- 
mately 150 A thick using the sputter tech- 
nique. The specimens were studied with a 
Kent-Cambridge S4-10 scanning electron mi- 
croscope at an accelerating voltage of 20 kV. 
Photomicrographs were taken on Polaroid? 
type 55 P/N film, and several representative 
photomicrographs were chosen to illustrate 
various typical features. 


CASE REPORTS 
OSTEOMAS 
Case 1. This 55-year-old male had inter- 
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Fig. l. (Case 1) Low magnification 
photomicrograph of osteoma. Note multi- 
ple fibrovascular channels throughout the 
osteoma, and overlying squamous epithe- 
lium. (H & E, X15) 


mittent pain in the right ear and dizziness of 
three years' duration with intermittent malodor- 
ous discharge from the ear. 


Physical examination revealed a discrete, 
pedunculated, bony lesion in the middle third 
of the right external auditory canal attached 
to the tympanosquamous suture, with con- 
siderable debris deep to this observable lesion. 
Clinically, this was felt to be an osteoma. 


The lesion was removed. The pathologic de- 
scription follows: Gross examination: “The 
specimen consists of an ovoid, firm, tan-grey 
bony piece of tissue measuring 1.3 x 0.5 cm. 
The outer surfaces are somewhat irregular and 
the cut surfaces are grey-white. The specimen 
is submitted for decalcification. Single sections 
of the specimen are taken." Microscopic ex- 
amination (Fig. 1): A section shows a bony 
mass covered in part by squamous epithelium 
with underlying poorly cellular fibrous sup- 
porting tissue. The bony lamellae are thick 
and well-formed. The interlamelar spaces com- 
prise loose vascular connective tissue (Fig. 2). 
Pathologic diagnosis: Osteoma. 


Case 2. This 42-year-old male presented 
with a loss of hearing in the left ear of 20 
years’ duration. He stated that he had a growth 
removed from the same ear 20 years earlier. 


On examination, an osteoma was found to be 
present in the middle third of the left exter- 
nal auditory canal attached to the tympano- 
squamous suture. In addition, he had a mixed 
hearing loss of 50 dB on the left and 45 dB 
on the right compatible with a diagnosis of 
otosclerosis, At the time of stapedectomy on 
the left, the osteoma was removed. The patho- 
logic description is as follows: Gross examina- 
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Fig. 2. Higher magnification of Fig. 1. 
Note fibrovascular channels. (H & E, 
X300) 


tion: "This specimen consists of a fragment of 
bony, hard, grey-white tissue measuring 0.3 
x 0.2 cm. in maximum overall dimensions." 
Microscopic examination: The section shows 
bone covered by squamous epithelium. The 
bone comprises thick, multicellular lamellae. 
The interlamellar spaces show congested blood 
vessels. The surface is covered with squamous 
epithelium with a small amount of fibrous 
supporting tissue. Microscopic diagnosis: Typ- 
ical osteoma-like bone with a large marrow 
space filled with fibrous tissue. The surface is 
covered with desquamating squamous epithe- 
lium. Pathologic diagnosis: Osteoma. 


Case 3. This 54-year-old female had a 
plugged sensation in her left ear. 


Physical examination revealed a discrete 
bony lesion occluding the left external audi- 
tory canal. It appeared to be based superiorly 
in the area of the tympanosquamous suture. 
Hearing was normal. The lesion was removed 
surgically and submitted for light microscopic 
examination. The pathologic description is as 
follows: Typical osteoma-like bone with large 
blood marrow spaces filled with fibrous tis- 
sue. The osteoma is covered by a desquamating 
squamous epithelium. Pathologic diagnosis: 
Osteoma. 


Case 4. This 44-year-old female presented 
a plugged sensation and hearing loss in the 
right ear. Physical examination revealed an 
osteoma totally obstructing the ear canal. This 
was removed and the specimen was submitted 
for examination by the scanning electron mi- 
croscope. 


Figure 3 illustrates the fractured surface of 
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;:Kig. 3. (Case 4) Scanning electron photomicrograph. A - Surface of osteoma. B - 


Fra 


the osteoma. The bone surface with skin re- 
moved (A) is apparent. The fractured surface 
(B) shows many channels (arrows) contain- 
“ing fibrovascular bundles. These fibrovascular 
.cHannels are the most characteristic feature of 
an osteoma, 


The blood vessels within the fibrovascular 
channels vary. Some appear to be branching 
sinusoids, while others are more discrete capil- 
lary sized structures (Fig. 4). Some of the 
fibrovascular channels appear highly organ- 
ized (Fig. 5), in that they have a thin endo- 
steal-like lining and are surrounded by lamel- 
lae of bone. These lamellae appear to be con- 
centrically arranged around the channels, but 
the fiber angulation varies from one layer to 
another. The compact bone between the fi- 


surface of osteoma, and multiple fibrovascular channels (arrows). (X50) 


brovascular channels does not appear to be 
uniform in either density of layering (Fig. 6). 


Case 5. This 44-year-old male was seen 
with hearing loss of 22 years’ duration. Physi- 
cal examination revealed bilateral clinical oto- 
sclerosis with a 60 dB conductive hearing loss 
bilaterally. In addition, a moderate sized dis- 
crete bony lesion was present in the left ex- 
ternal auditory canal, superiorly based, and 
appearing to arise from the tympanosquamous 
suture. 


At the time of the stapedectomy, the dis- 
crete bony lesion was removed and submitted 
for scanning electron microscopic study. 


As in case 4, the fractured surface of the 
osteoma shows many bone channels contain- 
ing fibrovascular bundles. There is compact 
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Fig. 4. (Case 4) Higher magnification. A - Capillary in fibrovascular bundle. B - 
Contained red blood cell. (S.E.M., X5,000) 
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Fig. 5. (Case 4) 


Detail of fibrovascular channel 
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(B), and concentric 


Iga ae: of ^ 
bone (A). The layers of bone appear to be parallel but oriented in different directions. 


(S.E.M., X1,000) 


bone between these channels, and typically 
concentric lamellae of bone again surround 
these fibrovascular channels. These lamellae, 
while concentric, appear to be oriented in dif- 
ferent directions. 


EXOSTOSES 


Case 6. A 24-year-old male had fullness, de- 
creased hearing, and recurrent ear infections 
bilaterally for five years. He was an active 
ocean swimmer for ten years as a child. 





a N- i1 zx 

Fig. 6. (Case 4) Detailed appearance 
of dense bone of osteoma. (S.E.M., 
X2,000) 


d h 
On examination there was almost total oc- 
clusion of the deep ear canal by anterior and 
posterior exostoses broadly based upon the 
tympanic bone. * 


At the time of surgical removal of these 
exostoses a "block" was excised and submitted 
for light and scanning electron microscopic 
study (Figs. 7 and 8). Here the dense lamel- 
lated appearance of bone is obvious. Osteo- 
cytes are numerous while fibrovascular chan- 
nels are absent, features very unlike those of 
osteoma. 


Case 7. 'This 16-year-old young male com- 
plained of a blockage and hearing loss in his 
left ear of one year duration. He was an active 
surfer of five years’ duration. 


At the time of surgical removal a “block” 
of exostosis was excised and submitted for 
light and scanning electron microscopic study. 
The histologic appearance of the specimen was 
identical with case 6. 


DISCUSSION 


While terminology may differ con- 
siderably, there have been little varia- 
tions in the published illustrations de- 
picting these lesions. Eggston and 
Wolff, Ash and Raum,? Anderson? and 
Friedmann' all show lesions which clear- 
ly correspond to what we have con- 
sidered herein as osteomata. Only 
Schuknecht* has illustrated in a tem- 
poral bone section the lesion we will 
consider exostosis. 


The relative paucity of pathologic 
illustrations in the literature is not sur- 
prising since both osteomas and exos- 
toses seldom require surgical. removal. 


t 
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(Case 6) Low magnification 
exostosis. Note dense 


Fig. 7. 
photomicrograph 
En awe appearance of bone. (H & E, 
X60 


If and when they do, they are generally 
managed in one of two ways. The dis- 
crete, pedunculated bony lesion, which 
we have considered an osteoma, is readi- 
ly removed with a chisel and is there- 
fore submitted for histopathologic study. 
The diffusely-based, often multiple ex- 
ostoses. are usually drilled away and 
therefore are not submitted for histo- 
pathologic study. 


It is also of interest to note that when 
clinicians utilized Sheehy's? criteria for 
differentiation between osteoma and 
exostosis, in each instance the clinical 
diagnosis corresponded to the histopath- 
ologic findings. 


As Senturia? pointed out, it is not 
unusual to encounter more than one 
small discrete bone lesion resembling 
the larger osteoma, which are invariably 
based along the tympanosquamous or 
tympanomastoid sutures. Because they 
are asymptomatic they are rarely re- 
moved and are therefore not available 
for study. 


We have not encountered either the 
solitary or multiple descrete osteoma- 
tous lesion at any location other than 
along the two previously mentioned su- 
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Fig. 8. (Case 6) Scanning electron mi- 
crograph exostosis. Note parallel lamella 
of bone and lack of fibrovascular chan- 
nels, (X1,000) 


tures. Exostoses, however, invariably de- 
velop along the anterior, inferior, and 
posterior surfaces of the tympanic bone. 


These two areas are different in sev- 
eral aspects. The bone along the suture 
lines is more vascular and the overlying 
skin and subcutaneous tissue is thicker 
than along other surfaces of the tym- 
panic bone. These differences may have 
significance for both histopathologic ap- 
pearance and frequency of occurrence 
of these lesions. While it is clinically 
evident that exostoses are usually associ- 
ated with cold water swimming and 
osteoma are not, we have encountered 
instances where both lesions were pre- 
sent in surfers and cold water swim- 
mers. This combination is rare indeed in 
individuals who are not exposed to fre- 
quent cold water immersion. Perhaps 
the previously mentioned differences in 
vascularity and skin thickness of the two 
areas may be of importance in decreas- 
ing the likelihood of osteoma prolifera- 
tion secondary to cold water stimulation. 
Interesting experimental data are pro- 
vided by Fowler and Osmun" and Har- 
rison."® These workers found that pro- 
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longed and repeated irrigation of the 
external auditory canal in the guinea pig 
resulted in diffuse production of new 
bone in areas adjacent to the area irri- 
gated. 


While the pathophysiologic mecha- 
nisms which underlie the initiation and 
proliferation of osteomas and exostoses 
of the external auditory canal are as yet 
unclear, we do feel it is possible to es- 
tablish criteria for both the clinical and 
histopathologic diagonsis of these lesions 
of the external auditory canal. There 
follows a summary of the diagnostic 
criteria for these two lesions. 


CLINICAL AND HISTOPATHOLOGIC 
CRITERIA FOR DIAGNOSIS 


Osteoma. Clinically, an osteoma of 
the external auditory canal is usually a 
solitary, pedunculated bony growth at- 
tached to the tympanosquamous or tym- 
panomastoid suture line, superficial to 
the isthmus, benign in nature but in- 
clined toward progressive growth and to 
secondary obstruction of the external 
auditory canal. Occasionally, they may 
be small, multiple and asymptomatic. 


The histopathologic and scanning 
electron microscopic criteria for the 
diagnosis of this lesion would appear 
to be as follows: Grossly, the lesion is 
a discrete, pedunculated bony mass of 
varying density covered by squamous 
epithelium of the external auditory 
canal. Microscopically, the surface of 
the lesion appears to be covered by a 
dense squamous epithelium with an un- 
derlying periosteum. The internal struc- 
ture of the lesion is characterized by a 
great abundance of discrete fibrovas- 
cular channels surrounded by lamellated 
bone. Other channels are more irregular 
and contain abundant fibrous tissue and 
sinusoidal-like blood vessels. The ap- 
pearance of bone between these chan- 
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nels varies considerably, being primarily 
dense and oriented in different direc- 
tions. Few osteocytes and lacunae are 
apparent on fractured surface. 


Exostosis. Clinically an exostosis of the 
external auditory canal refers to a broad 
based elevation of bone usually mul- 
tiple and bilaterally symmetric, fre- 
quently involving the tympanic bone. 


The histopathologic and scanning 
electron microscopic criteria for the 
diagnosis of this lesion are as follows: 
Grossly the lesion is a broad. based 
dense mass of bone covered by squa- 
mous epithelium of the external auditory 
canal. Microscopically the surface of 
the lesion is covered by a squamous 
epithelium with underlying periosteum. 
The internal structure of the lesion is 
characterized by parallel ‘concentric 
dense layers of subperiosteal bone 
abundant in osteocytes and devoid of 
fibrovascular channels and their contents 
so characteristic of the osteoma. 


SUMMARY 


Osteomas of the external auditory 
canal are considered clinically to be dis- 
crete, pedunculated bone lesions arising 
along the tympanosquamous suture. 
They are benign lesions but often are 
slowly progressive in size. 


Exostoses of the external auditory 
canal are broad based elevations of bone 
usually multiple and bilaterally sym- 
metric involving the tympanic bone. 


It appears that both clinical and his- 
topathologic evidence is sufficient to 
justify the impression that these two 
lesions should be considered separate 
entities. 


Clinical diagnostic and histopatho- 
logic criteria have been suggested for 
diagnosis of these lesions. 
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ACCURACY OF FROZEN SECTION DIAGNOSIS OF PAROTID-LESIONS 


Ropert H. Miter, MD 


Houston, TEXAS 


Tuomas C. CarcATERRA, MD 


Donan E. PAGLIA, MD 


Los ANGELES, CALIFORNIA 


The accuracy of frozen section diagnosis was analyzed in a review of 132 parotid lesions. 


Of 107 benign lesions, 93% were correctly diagnosed on frozen section analysis, 


ut of 25 ma- 


lignant lesions, only 9 frozen sections were accurately interpreted. This study points out the 
difficulty encountered in using the frozen section technique when dealing with malignant pa- 
rotid lesions and the importance of the surgeon's active participation in the analysis. 


Frozen section analysis has been util- 
ized by pathologists for over 100 years.’ 
The skill and accuracy of this technique 
have improved during the intervening 
years, particularly in the late 1950s 
when the cryostat frozen section tech- 
nique was developed, and it is now ac- 
cepted as an integral tool in the diag- 
nosis and treatment of disease of vari- 
ous organs, most extensively in dealing 
with breast masses. Several authors'* 
have reported an overall accuracy of 
98% or better in the rapid diagnosis of 
breast lesions. Recently, thyroid masses 
removed at surgery have been scruti- 
nized via the frozen section technique 
with an accuracy as high as 94 to 98%."* 
Saltzstein and Nahum? report an ac- 
curacy for all head and neck neoplasms 
of 98%. 


The chief objective of a frozen section 
diagnosis is to allow an immediate de- 
cision regarding surgical therapy. Not 
only may further surgery be indicated, 
but the type and extent of surgery can 
depend on the pathologist's report, and 
this is especially the case in surgery of 
the parotid gland. For most parotid mas- 
ses, an excisional biopsy consists of a 
superficial parotidectomy. The decision 
to proceed with further surgery which 
may involve sacrifice of the facial nerve 
and radical neck dissection depends 
upon the frozen section diagnosis. The 
few studies reporting on the accuracy 
of the frozen section diagnosis of parotid 
or salivary gland lesions are based on a 


small number of cases.^*** Having ex- 
perienced changes in the frozen section 
diagnosis on more than one occasion, 
the authors decided to review. the frozen 
section accuracy of parotid lesions at 
UCLA Hospital thereby providing a 
study of a large number of cases. 


METHODS AND MATERIALS 


Records of 201 parotid specimens that had 
been removed and diagnosed at UCLA Hos- 
pital from April 1966 to April 1977 were re- 
viewed; of these reports, 132 have been in- 
cluded in this study. The balance was elimi- 
nated for the following reasons: no frozen sec- 
tion diagnosis had been performed, at the time 
of surgery, or a parotidectomy had been per- 
formed for prophylactic removal of the pa- 
rotid nodes because a lesion might possibly 
spread to this area. In all cases, the specimen 
submitted was a superficial lobectomy. The 
permanent section diagnosis was obtained from 
the pathology report, while the frozen section 
diagnosis was found either in the final writ- 
ten pathology report or in a special handwrit- 
ten frozen section report by the pathologist 
who had then inserted it in the chart. 

The results were divided into two categories, 
benign and malignant lesions, on the basis of 
the permanent section final diagnosis. Within 
these categories, the frozen section diagnosis 
was compared to the final diagnosis and placed 
in one of four subcategories: correct, incor- 
rect benign, incorrect malignant, or no defini- 
tive diagnosis. 


RESULTS 


Of the 132 parotid lesions reviewed, 
107 were benign (Table 1) and nearly 
half of these (50) were pleomorphic 
adenomas. Thirty were due to inflam- 
matory diseases and the majority (18) 


From the Department of Surgery, Division of Head and Neck Surgery (Otolaryngology) and 
Department of Pathology, UCLA School of Medicine, Los Angeles, California. 
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TABLE 1. BENIGN LESIONS 
Permanent Section Diagnosis 
Mono- 
» In- morphic 
Frozen: Sec- flamma- Lip- Ade- Papil- 
tion Diagnosis Mixed Warthin tory oma noma loma Cyst Total % 
Correct | 49 16 29 2 3 0 1 100 93 
Benign but incor- 
réct morpholog- 
ical diagnosis 0 0 0 0 1 0 0 1 1 
Malignant 0 0 0 0 0 0 0 0 0 
No defini- k i 
tive diagnosis: 1 2 1 0 1 1 0 6 5 
Total gy Sus 500 18 30 2 5 1 1 107 
Em. 
of the’ other lesions were found to be DISCUSSION 


Warthin's-tumors. In 100 out of 107 
cases, the benign tumor was diagnosed 
correctly on frozen section, an accuracy 
of 93%. Only once was a benign tumor 
diagnosed incorrectly, but still as be- 
nign; on six occasions a definitive diag- 
nosis could not be made on frozen sec- 
tion. A benign lesion was never diag- 
nosed as malignant. 


Only 25 of the 132 lesions studied 
(19%) proved to be malignant (Table 
2) and. of these, approximately half 
(10) were mucoepidermoid tumors, 5 
were squamous carcinomas, and 2 each 
were adenoid cystic, acinic cell tumors, 
adenocarcinoma, and lymphomas. The 
malignant tumor was accurately diag- 
nosed in nine cases, and the lesion was 
identified as a malignant tumor, al- 
though morphologically incorrect, six 
times. In six instances, the malignant 
tumor was read as benign, and no defin- 
itive diagnosis was made in the remain- 
ing four. ` 


Indications for frozen section diag- 
nosis have been reviewed by several 
authors,*-^* all of whom agree that the 
primary indication is the immediate 
need to decide on the type of surgery. 
This is especially true when the parotid 
gland is affected; here several proced- 
ures, some of which are quite deform- 
ing, can be selected, depending on the 
nature of the parotid tumor. For a be- 
nign mixed tumor, a superficial paroti- 
dectomy may be adequate therapy. If 
a mucoepidermoid tumor is encountered, 
the problem becomes more complicated 
inasmuch as the procedure may be 
modified according to the differentia- 
tion of the tumor, eg, a low-grade mu- 
coepidermoid tumor may be treated by 
a superficial parotidectomy whereas a 
high-grade lesion may require total par- 
otidectomy and radical neck dissection. 
Possible invasion of the facial nerve 
must be assessed in the surgical excision 
of an adenoid cystic carcinoma. Not 


TABLE 2. MALIGNANT LESIONS 








Permanent Section Diagnosis 





Malig. 
He- 
Frozen Sec- Acinic Mu.- Ade- Undif. | man. Lymph- 
tion Diagnosis A.C. Cell Epi. noca. Sq. Ca. Ca. Endo. oma Total % 
Correct 1 0 4 0 3 1 0 0 9 36 
Malignant but 
incorrect 
morphological 
diagnosis 0 0 3 2 0 0 1 0 6 24 
Benign 1 2 3 0 0 0 0 0 6 24 
No definitive 
diagnosis 0 0 0 0 2 0 0 2 4 16 
Total 2 2 10 2 5 1 1 2 25 


A.C, - Adenoid cystic; Mu.-Epi. - Mucoepidermoid ; 


Adenoca. - Adenocarcinoma; Sq. Ca 


Squamous Carcinoma; Undif. Ca. - Undifferentiated Carcinoma; Malig. Heman. Endo. - Malig- 


nant Hemangioendothelioma. 
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TABLE 3. INCORRECT DIAGNOSIS OF MALIGNANT LESIONS 











Frozen Section Diagnosis 





Permanent Section Diagnosis ~~ 





Malignant neoplasm 
Carcinoma 

Chronic obstructive inflammation 
Adenocarcinoma 

Chronic scarring 
Inflammation 

Adenoma, oncocytic type 
Adenoma 

Acinic cell 

Adenoid cystic 

Mixed tumor 

Malignant vascular neoplasm 


only is visibly involved nerve resected 
once the diagnosis has been made, but 
some type ot temporal bone resection 
may be indicated if the frozen section 
reveals perineural extension to the stylo- 
mastoid foramen. A radical neck dissec- 
tion is frequently indicated if the frozen 
section reveals a squamous carcinoma. 


Mention should be made of needle 
aspiration as a means of obviating the 
problems encountered in frozen section 
analysis of parotid lesions. Analysis of 
parotid masses by this technique has 
been used with great accuracy,’ al- 
though most of the experience has been 
outside the United States. There are 
very few pathologists in this country 
capable of analyzing needle aspiration 
specimens, thereby reducing its useful- 
ness. 


The results we obtained for benign 
lesions appear to be substantially ac- 
curate; a correct diagnosis was made in 
932 of the cases. This compares very 
favorably with frozen section analysis of 
other tissues. 


The results for malignant tumors were 
considerably less reliable. Precise diag- 
nosis was made on frozen section in 
only one third of the malignancies and 
only in these cases did the frozen sec- 
tion diagnosis serve to benefit the sur- 
geon by correctly helping to dictate the 
subsequent therapy. 


In 4 of the 24 neoplasms the patholo- 
gist was unable to make a frozen section 
diagnosis. However, the surgeon cannot 
expect a diagnosis if the pathologist 
does not have adequate tissue for ex- 


Mucoepidermoid 
Mucoepidermoid 
Mucoepidermoid 
Mucoepidermoid af 
Mucoepidermoid ; 
Mucoepidermoid ©  . 
Acinic cell carcinoma - 
Acinic cell carcinoma: 
Undifferentiated: adenocarcinoma 
Adenocareinoma 

Adenoid cystic *- <. 4. z, 
Malignant hemangioendothelioma 


amination or if the prepared sections 
are not of satisfactory quality to make 
a determination. In such situations, the 
surgeon can either obtain more tissue, 
if possible, or close the wound and 
await the permanent section diagnosis. 


In six instances (24%), although the 
tumor was diagnosed as being malig- 
nant, the type of tumor was incorrectly 
identified. While superficially this in- 
formation may seem helpful to the sur- 
geon, it is limited in value inasmuch as 
he is unable to decide what procedure 
to perform if the diagnosis simply iden- 
tifies carcinoma. Moreover, providing 
the surgeon with incorrect information 
about the type of malignant tumor may 
lead to either inadequate or overexten- 
sive surgery. 


On six occasions (24%) a malignant 
lesion was incorrectly diagnosed as be- 
nign. These are listed in Table 3 (as 
are the malignant, but incorrect mor- 
phological diagnoses). In three in- 
stances, the tumor was obviously missed 
in the sample taken for frozen section 
(patients 3, 5 and 6). Such errors can 
be prevented by more careful examina- 
tion and sampling of the resected speci- 
men. In the other cases, the frozen sec- 
tion specimen was misinterpreted by 
the examining pathologist. Thus, in half 
of the analyses of malignant neoplasms, 
the surgeon was either incorrectly or 
only partially informed. This is extreme- 
ly dangerous because the choice of po- 
tentially disfiguring surgery depends on 
the accuracy of the frozen section diag- 
nosis. In our series, there were no in- 
stances of an incorrect frozen section 
diagnosis leading to more extensive sur- 
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gery than indicated by the final diag- 
nosis. However, in three cases, more 
radical surgery including facial nerve 
sacrifice was recommended on the basis 
of the permanent section findings. Two 
patients. elected to have the surgery, 
while a third refused although he had 
agreed to possible facial nerve sacri- 
fice at the first procedure. 


While this study has been carefully 
detailed, it has the inherent limitations 
of being retrospective. Moreover, many 
surgeons and pathologists were involved 
adding potential variability to the study. 
Nevertheless, this study has emphasized 
several salient points. First, the unsatis- 
factory results of frozen section diag- 
nosis of malignant salivary tumors con- 
firm what many head and neck sur- 
geons have suspected for a long time, 
ie, the surgeon must consider the va- 
lidity of a frozen section diagnosis be- 
fore embarking on extensive, deforming 
surgery. Also, he must carefully consider 
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what he tells the patient and family 
after the operation when a benign 
frozen section diagnosis has been made 
because it may be necessary to recall 
the patient two or three days later for 
a more extensive resection. 


Finally, the surgeon should assume an 
active role in evaluating the frozen sec- 
tion. He should impress upon the pa- 
thologist the importance of the diagnosis 
in determining the immediate surgical 
therapy. The pathologist should be as 
certain as possible of the diagnosis of 
a malignant parotid tumor before the 
surgeon performs radical extirpative sur- 
gery. If there is any doubt on the part 
of the pathologist regarding the histo- 
logical diagnosis, then the surgeon 
should proceed no further. He should 
await permanent sections and a more 
definitive histologic diagnosis because 
frozen section diagnosis of parotid le- 
sions is not as accurate as it is for other 
tissues. 
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REFLECTIONS OF AN OTOLARYNGOLOGIST ' nae 


t. 


THE AMERICAN ACADEMY OF OTOLARYNGOLOGY 


WzsLEv H. BrapLey, MD 


ALBANY, NEW YORK 


With the 1978 annual meeting of “the 
Academy," one era in otolaryngology 
came to an end, and a new era began. 
After many years of talk and some ear- 
lier attempts to initiate action, a con- 
certed program of planning during the 
past three years has culminated in the 
formation of a new American Academy 
of Otolaryngology. Approval by the 
membership at the recent meeting now 
allows completion of the legal steps such 
a change requires. 


It is approprate to pay tribute to the 
American Academy of Ophthalmology, 
and Otolaryngology. The “old academy," 
with which many of us grew up, held a 
position of stature among professional 
medical societies in this country, Its age 
and its numbers gave the AAOO a posi- 
tion of eminence and influence. The pro- 
gram of instruction courses, in which the 
AAOO was one of the early pioneers, 
has become the model now used exten- 
sively in postgraduate medical educa- 
tion. The names of individuals are ob- 
viously too numerous to mention. Suffice 
to say, in most instances the leaders of 
the AAOO were also the leaders in oph- 
thalmology and otolaryngology during 
this century. All of these factors added 
up to the establishment of the AAOO 
tradition, an intangible but an important 
part of any organization. 


As the disciplines of ophthalmology 
and otolaryngology became increasingly 
distinct specialities, it was inevitable 
that eventually the AAOO would divide 
into two separate organizations. There 
will be something lost in such a separ- 
ation, if nothing more than a close re- 
lationship with our ophthalmological 
colleagues. This friendship and working 
together has been a positive influence, 


and although it may be maintained on ` 
an informal basis, the overall effect will 
not be the same. ; 


The new American Academy of Oto- 
laryngology should assume a position of 
leadership in some of the areas where 
such leadership. is most appropriate, for 
example, in continuing medical educa- 
tion. This is a role which the AAOO as- 
sumed and which helped establish its. 
tradition. The new AAO will be follow- 
ing a proven path by continuing to pro- 
vide leadership and quality service iu 
this area and in other areas yet to be de- 
veloped. i * 


Of course, the formation’ of a new 
academy is only the beginning of 
change. There will -certainly be pres- 
sures for change iri many areas, as was 
evident at the annual meeting in Sep- 
tember. The important thing we must 
all remember is that the AAO must first 
become established and sufficiently 
stable to undergo some of the changes 
that it will face. Too many changes at 
the outset will weaken the underpin- 
nings of the organization during the cru- _ 
cial period of transition. We all need to 
give our active support to the officers, 
to support the committees and the pro- 
grams of the AAO, and especial- 
ly we need to attend the an- 
nual meeting. The annual meeting has 
always been the heart of the academy 
program and now that it will be a 
smaller, less-crowded meeting it can be 
even better. However, it will require 
our attendance and participation to 
achieve this. 


This is the beginning of a new era in 
otolaryngology. Let us build on the suc- 
cess and tradition of the old AAOO to 
develop a new and even more effective 
AAO. 
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X-Ray or THe MONTH 


RHINOLITHS 


WiLLIAM Harsin, MD 
ALFRED L. WEBER, MD 


BosTON, MASSACHUSETTS 


PATIENT 
This 28-year-old, healtħy, Caucasian 
.male bus driver received a facial blow. 
Sinus films were taken to exclude a frac- 
ture and. án unusual finding on the films 
prompted further questioning. The pa- 
tient related that. at the age of eight 
years a pencil eraser lodged in his right 
nasal cavity, but when he visited his lo- 
cal physician, no foreign body could be 
located- in the nasal cavity. Since that 
. time he has noticed unilateral nasal ob- 
struction with intermittent drainage on 
the right. While in the army; a physician 
examined him for these symptoms but he 
reportedly found nothing abnormal. 


RADIOGRAPHS 


Caldwell (Fig. 1A) and Water (Fig. 
1B) sinus views revealed an irregular 
calcific density in the right nasal cavity. 
Tomograms*'6f the nasal cavity con- 
firmed a calcific mass just inferior to the 
middle turbinate with deviation of the 
.septum.-No calcific continuity with the 
bony septum or nasal cartilages was 
demonstrated (Fig. 1C). 


DIAGNOSIS 


Through anterior rhinoscopy under 
local anesthesia, a firm, irregular mass 
(2.5 cm in diameter) was removed from 
the right nasal cavity. Sectioning of the 
mass revealed a soft, yellow-tan, rubber- 
centered artifact consistent with a por- 
tion of an eraser. The remainder consist- 





ed of amorphous calcific debris. The de- 
calcified specimen is shown in Figure 
1D. (Measurement shown is metric. ) 


DISCUSSION 


Rhinoliths are calcareous concretions 
secondary to complete or partial incrus- 
tation of an intranasal foreign body. The 
foreign body incites a chronic inflamma- 
tory reaction with deposition of mineral 
salts. The route of entry is usually an- 
teriorly but some enter through the 
choanae secondary to vomiting or cough- 
ing. Types of exogenous foreign bodies 
include beads, buttons, erasers, fruit 
stones, pieces of paper and retained na- 
sal packing. Examples of endogenous 
foreign bodies include dried nasal secre- 
tions and blood clots, sequestra and mis- 
placed teeth.! The usual age at diagnosis 
is 8 to 25 years. Most patients have 
symptoms but these often have to be 
elicited. The most common symptoms 
are unilateral nasal discharge (often foul 
smelling and mucopurulent) and uni- 
lateral nasal obstruction. Rhinoliths may 
be found incidentally on x-ray films as 
this case illustrates. Tomography of the 
nasal cavity facilitates the diagnosis by 
better defining the mass and its relation- 
ship to surrounding bony and cartila- 
ginous structures. Tomography is espec- 
cially helpful in evaluating other entities 
in the radiologic differential diagnosis 
which includes osteoma, calcified polyp, 
chondroma, chondrosarcoma, and osteo- 
sarcoma. 


From the Massachusetts Eye and Ear Infirmary, Boston, Massachusetts. 
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Fig. i 
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By Lewis R. Eversole. Index, hard cover, 


color and black and white illustrations, 331 
pages, Lea & Febiger, Philadelphia. $25.00. 


Elements of Hearing Science 


By Arnold M. Small. Index, black and white 
illustrations, soft cover, 187 pages. John Wiley 
& Sons, Inc., Somerset, New Jersey. $7.95. 


Radiologic Examination of the 
Orohypopharynx and Esophagus 


“By C. Zaino and T. C. Beneventano. Index, 
black and white illustrations, hard cover, 317 
pages. Springer-Verlag, New York. $54.80. 


Classics in Modern Otology 


, Edited by Luis Garcia-Ballester, MD, Pro- 
fessor of the History of Medicine, University 
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of Granada; Guillermo Olagüe, MD, Associate 
Professor of the History of Medicine, Univer- 
sity of Granada; and Miguel Ciges, MD, Pro- 
fessor of Otorhinolaryngology, University of 
Granada. Index, black and white illustrations, 
hard cover, 354 pages, 1978, chapters in 
French, German, English and Spanish. Uni- 
versity Press at Granada. $18.00. 


Revised Token Test 


Edited by Malcolm Ray McNeill, PhD, As- 
sistant Professor of Communication Disorders 
and Speech Science, University of Colorado, 
Boulder; and Thomas E. Prescott, PhD, Co- 
ordinator of Speech Pathology, V. A. Hospital, 
Denver, Adjunct Professor of Speech Patholo- 
gy and Audiology, University of Denver, As- 
sistant Professor Adjoint, University of Color- 
ado, Boulder. Index, black and white illustra- 
tions, soft cover, 104 pages, 1978. University 
Park Press, Baltimore. $14.95. 


The Year Book of Otolaryngology 1978 


Otology edited by Michael M. Paparella, 
MD, Professor and Chairman, Department 
of Otolaryngology, University of Minnesota 
School Medicine; Surgery of the Head and 
Neck edited by M. Stuart Strong, MD, Chief 
of Otolaryngology, University Hospital, Boston, 
Professor of Otolaryngology, Boston University 
School of Medicine. Index, black and white 
illustrations, 372 pages, hard cover. Year Book 
Medical Publishers, Chicago 


Histopathologie der Haut (Spezielle 
Pathologische Anatomie — Band 7 — 
Teil 1) 


By G. Achten, E. H. Beutner, T. P. Chor- 
zelski, E. Frenk, E. Grosshans, S. Jablonska, 
O. Male, Th. Nasemann, U. W. Schnyder, F. 
Vakilzadeh, J. Wanet, and H. Zaun. Index, 
black and white illustrations, hard cover, 562 
pages, 1978. Springer-Verlag, Berlin, $130.00. 


Synopsis of Otolaryngology 


Third Edition. By John C. Ballantyne, 
FRCS, Consultant Surgeon, Ear, Nose and 
Throat Department, Royal Free Hospital, Lon- 
don; and John Groves, FRCS Consultant Sur- 
geon, Ear, Nose and Throat Department, Royal 
Free Hospital, London; with the assistance of 
Charles Harold Edwards, FRCP, Consultant 
Physician to the Department of Nervous Dis- 
ease's, St. Mary's Hospital, London, Consultant 
Neurologist to the Royal National Throat, 
Nose and Ear Hospital, London; and David 
Downton, FDS, RCS, Senior Consultant Oral 
Surgeon, Royal Free Hospital, London. Index, 
black and white illustrations, hard cover, 600 
pages, 1978. A John Wright & Sons Ltd., 
Bristol publication, Distributed by Year Book 
Medical Publishers, Chicago 
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SMAIATY NOOH c86 


ABSTRACTS FROM 
NATIONAL AND 
INTERNATIONAL JOURNALS 


Chronic Cough as the Sole Presenting 
Manifestation of Bronchial Asthma 


Corrao WM, Braman SS, Irwin RS: New 
Engl J Med 300:633-637, 1979 


The authors report six patients with chronic 
cough without dyspnea or wheezing and with 
normal baseline pulmonary function studies, 
but hyperreactive airway as demonstrated with 
methacholine. Maintenance therapy with bron- 
chodilators promptly eliminated the cough in 
all patients. Three to six months later, therapy 
was discontinued for three days and cough re- 
turned. Again, baseline values were normal 
but after methacholine, one-second forced-re- 
spiratory volume decreased an average of 40% 
in the patients as compared to 3% in normal 
controls. 


On the basis of their persistently hyperreac- 
tive airways, inducible diffused airway bron- 
choconstriction, an excellent response to bron- 
chodilated therapy, these patients appear to 
have a variant form of asthma in which the 
only presenting symptom is cough. Patients 
with these symptoms are often seen by oto- 
laryngologists with a diagnosis attributed to 
either allergy or to a functional cause. A trial 
of bronchodilator therapy should be considered 
in such patients, 


M. ABRAMSON, MD 
New York, NY 


An Analysis of Factors in the Successful 
Management of Cancer of Tonsillar 
Region 


Mantravadi RVP, Liebner EJ, Ginde JV: 
Cancer 41:1054-1058, 1978 


A total of 117 consecutive primary cancers 
of the tonsillar region was irradiated at the 
University of Illinois Hospitals from 1955 to 
1973. Results on 94 patients treated with ra- 
diotherapy alone and 23 with a combination 
of surgery and radiotherapy were analyzed. 
The study does not analyze which stage of 
the disease was treated with radiation therapy 
alone or with a combination of radiation ther- 
apy and surgery. Therefore we cannot con- 
clude which is the best mode of therapy. The 
modalities of radiation used. were electron 
beam, 22 mev photons and Cobalt 60. Lymph 
node metastases were noted in 70% of the pa- 
tients at the initial examination. In patients 
treated with radiation alone the determinant 
five-year survivals were 42% without and 20% 
with nodal involvement. In the absence of 
node disease, survivals were 100% in T;, 60% in 
T:, 37.5% in Ts, and 25% in T, lesions. The 
significance of age, sex, histological differen- 
tiation, extent of the tumor, modality of treat- 
ment, and the incidence of second primary 
were analyzed. Time-dose relationships and 
factors influencing the prognosis are discussed 
and the literature is reviewed. 


M. SAMARA 
New York, NY. 
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Detection of Auditory Nerve Activating 
Substance 


Sewell WF, Norris CH, Tachibana M, et al: 
Science 202:910-911, 1978 


Signal transmission from auditory hair cells 
to the cochlear nerve fibers, is thought to be 
due to a neurotransmitter, although so far it 
has not been identified. Authors have ap- 
proched the problém from a different angle, 
employing a bioassay method that is indepen- 
dent of the chemical nature of the transmitter, 
but could conceivably demonstrate its pres- 
ence. They reasoned that, following intense 
acoustic stimulation, the "auditory nerve ac- 
tivity substance" (ANAS). might ‘spill over. 
into the perilymph. Perilymph of frogs was 
removed after sound exposure. While. the ani- 
mal was kept in silence later on, the perilymph 
was reinjected. There was an increase in the 
spontaneous activity of single cochlear nerve 
fibers, which was continuously monitored. 
Significantly, perilymph taken without prior 
sound exposure failed to elicit the effect. How- 
ever, perilymph collected from guinea pigs af- 
ter sound exposure and injected into a frog’s 
ear had a much stronger effect than the frog’s 
own, although the two species are completely 
unrelated. The authors caution against the 
conclusion that ANAS must necessarily be 
identical with or related to the neurotrans- 
mitter at the hair cell/nerve: junctions. 


J. ToxNponr, MD 
New York, NY 


A Simple Procedure for Surgical Repair of 
Vocal Cord Synechia 


Beck C: Arch Otorhinolaryngol 220:221- 
223, 1978 


Thin synechia between the anterior portion 
of both vocal cords leads to impairment of 
speech and often to airway obstruction. Many 
methods have been described to correct this 
problem. Since simple severance of the sy- 
nechia alone will result in a recurrence of 
this condition, the author inserts a Silastic? 
sheet reinforced with a thread into the anteri- 
or commissure under endoscopic control. Since 
cartilagineous structures of the larynx remain 
untouched when fixing the reinforcing thread 
transcutaneously, perichondritis and diastasis 
of the vocal cords are avoided and reforma- 
tion of the synechia is prevented. This method 
does not require opening the larynx or.the 
performance of a tracheotomy. em 


J. INNITZER, MD 
Vienna, Austria 


Echography of the Infantile Mastoid 


Mann W: Arch Otorhinolaryngol 220:291- 
294, 1978 


The authors describe the use of ultrasound 
as a diagnostic technique to detect the pres- 
ence of fluid and/or mucosal swelling in the + 
antrum and mastoid cavity of children, They 
cite several examples of ultrasonic diagnosis 
of inflammatory mastoid disease in cases where 
x-rays failed to differentiate between mucosal 
swelling and poor pneumatization. 


J. INNITZER, MD 
Vienna, Austria 


THE FOURTH 'ANNUAL MICROVASCULAR WORKSHOP 


Pittsburgh, Pennsylvania 
November 12 - 16, 1979 


Five day workshop is being offered in microvascular surgery with special empha- 
sis being placed on a clinical case in the operating theatre, showing operating 
room set up and organization. There will be individualized laboratory instruction 
given“on- small laboratory animals, as well as didactic lecture sessions, including 
slides ‘and tapes. ; f 


Course will be open to all surgical disciplines and will provide forty bouis of. con- 
tinuing education credits. In order to give the individualized instruction that is 
Ü necessary the course is x bong limited to fifteen participants. 


FACULTY 
SEBASTIAN ARENA, MD, Pittsburgh, Pennsylvania, COURSE DIRECTOR. 
SUN LEE, MD, San Diego, California. 
EUGENE GOERTZEN, MD, Seattle, Washington. 
ELIAS HILAL, MD, Pittsburgh, Pennsylvania. 


a l For turiher- -information contact: Beverly S. Craig, RN, BS, Clinical Coordinator, 
. - „Division. of Otolaryngology, Mercy Health Center, Room 319, Pride and Locust 
g Streets, Teabags PA 15219, Tel: (412) 939-7194. 
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REVIEW COURSE FOR OTOLOGIC 


| FIFTEENTH ANNUAL - SURGERY 
TOLOGIC SURGERY COURSE sponsored by the 


PLI POST GRADUATE INSTITUTE 
CBAR NEW YORK EYE AND EAR 
INFIRMARY 


I September 13-15, 1979 
E EAR RESEARCH INSTITUTE rare arenes 
` 256° South, Lake: Street t EMMETT E. CAMPBELL, MD 


Los: An geles, Califor nia : Three-day course on wet temporal bone 
dissection designed for the practicing 
otolaryngologist who wants to refresh 


* OTÓŁOGIC MEBICAL-GROÜP, INC. " P dx UM 
> ST.VINCENT MEDICAL CENTER - oH 
: “UNIVERSITY OF SOUTHERN CALIFORNIA ee 





l ‘In ‘Cooperation. With 







Limited enrollment 
Hours. AMA Group A Credit AMA-CME Credits, Category 1: 24 


For Information Write: F Z T ae e information, 
e please write: Jane Stark, Registrar, Post- 
rederick H. spl sie Jr, MD. Graduate Institute, New York Eye and 
vol Jirec or of Education Ear Infirmary, 310 East Fourteenth 
uus Street, New York, NY 10003. 
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THE DEPARTMENT OF OTOLARYNGOLOGY 


and 


THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF MEDICINE 
of the MOUNT SINAI SCHOOL OF MEDICINE (CUNY) 


Announce a Postgraduate Course 
SURGERY OF THE PARANASAL SINUSES 


Under the Direction of 


JOSEPH L. GOLDMAN, MD z 
STANLEY M. BLAUGRUND, MD, WILLIAM LAWSON, MD, DDS . ` 


With Guest Lecturers: 
Russell I. Williams, MD, Cheyenne, WY; Donald J. Nalebuff, MD, Teaneck, NJ; 
Karl M. Morgenstein, MD, Miami, FL; William H. Friedman, MD, St. Louis, MO 


December 3-7, 


1979 


Monday through Friday, 8:30 AM - 5:30 PM (5 Sessions) 


Training in surgery for sinus disease and allied problems including allergy. Special attention will 
be paid to intranasal as well as external procedures. This course emphasizes intranasal spheno- 
ethmoidectomy, antrostomy and the role of allergy in rhinology. Fresh cadaver material is used 
extensively for instruction. Discussion concerning intranasal and sinus disease and the indications 


FEE: $600 


for therapy will be held. 


This course will be given at the Mount Sinai Medical Center, New York City,. NY. 


APPLY TO: Director, The Page and William Black Post- Graduate School of Medicine: Mount ` 


Sinai School of Medicine, 
650-6737. 


~ 
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UNIVERSITY OF LOUISVILLE 
Division of Otolaryngology 


has an opening 


ASSISTANT-ASSOCIATE 
PROFESSOR level 


Applicants must have completed an ap- 
proved residency program in otolaryn- 
gology and be board-eligible or certified 
in same. 


Strong academic background with com- 
mitment to teaching and research is req- 
uisite. 


Additional information available upon 
request. Write: Gordon T. McMurry, 
MD, Director, Division of Otolaryngol- 
ogy, Department of Surgery, University 
of Louisville Health Sciences Center, 
Box 35260, Louisville, KY 40232. 


An Affirmative Action/ Equal 
Opportunity Employer 


One Gustave L. Levy Place, 
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New York, NY 10029. Tel: (212) 
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AUDITORY EVOKED POTENTIALS 
Workshop in practical clinical applica- 
tions of Electrocochleography and Brain- 
stem Audiometry 
Sponsored by 
THE METHODIST. HOSPITAL and the 
INSTITUTES. OF 
OTORHINOLARYNGOLOGY and 
COMMUNICATIVE DISORDERS, and 
NEUROLOGY, THE NEUROSENSORY 
CENTER OF HOUSTON 
November 3-5, 1979 


This three-day course is designed to familiarize 
the physician and audiologist with clinical ap- 
plications of the “early” auditory evoked po- 
tentials. Background information on the “mid- 
dle" and "late" potentials and on cochlear po- 
tentials is also included. Course relies heavily 
on tutorials and workshops to familiarize the 
participant with instrument operation, response 
measurement and interpretation of test results. 
Course syllabus will be distributed: to each 
participant prior to enrollment. 

Course Instructors: Alfred C. Coats, MD, 
James F. Jerger, PhD and Staff “ 
Tuition: $325. Enrollment limited. 
Address inquiries to: Alfred C. Coats, 
MD, Cochlear Function Laboratory, 
The Neurosensory Center of Houston, 
6516 Bertner Avenue, Houston, TX 

77030. 


Assistant/ Associate/ Professor 
of Surgery/Otolaryngology 
(or In Residence) 


University of California 
at San Diego 


Qualifications include: 1) Eligible for 
certification of the American Board of 
Otolaryngology; 2) Medical licensure 
in California; 3) Special skills and ex- 
perience in neurotologic surgery; 4) Ex- 
perience and skill in teaching at under- 
graduate and postgraduate levels; 5) 
Experience and skill in administration in 
an academic environment. 


Salary related to academic rank of ap- 
pointment within the established salary 
schedule of the UCSD Medical School 
Clinical Compensation Plan. 


UCSD is an Equal Opportunity/ Affir- 
mative Action Employer. 


Contact: Alan M. Nahum, MD, Head, 
Division of Otolaryngology, University 
Hospital ( H-895), 225 Dickinson Street, 
San Diego, CA 92103. 


~~ 
~ 


ALLERGY FOR THE BUSY 
OFFICE PRACTICE 


PACIFIC MEDICAL CENTER 
San Francisco 
October 6, 1979 
Fee: $85. 


One- day course on everyday problems 
of clinical allergy. 


Course Chairman: 
DR. HERBERT KAUFMAN 


Faculty ‘consists. of Board certified al- 
lergists. 


coepi for 6 hours of Category 1 
credit by C.M.A. 


- For tuitioc information contact: Contin- 
ding Education, Pacific Medical Center, 
P.O. Box 7999, San Francisco, CA 94120. 
Tel: (415) 563-4321, Ext. 2761. 
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DEPARTMENT OF 
OTOLARYNGOLOGY 


and 
FUNCTIONAL SURGERY OF 
THE EAR 
Hospital de la Cruz Roja 
Barcelona, Spain 
announces 


INTERNATIONAL SYMPOSIUM ON 
ENDONASAL MICROSURGERY 
AND RHINOSINUSAL ENDOSCOPY 
May 19-21, 1980 
Director: J. Prades, MD 
Cosponsors: J. Bosch, MD, Ch. Freche, MD 
J. M. Montserrat, MD 
International Guest Lecturers 
Rhinoneuromicrosurgery, septoplasty, endonas- 
al approach of the pterigomaxillary fossa, en- 
donasal microsurgery of the facial algias, and 
of the lacriminasal ductus ways, vidian neu- 
rectomy, Bock neurectomy in the secretor or 
obstructive tubaritis, the greater superficial pe- 
trosal neurectomy by transattical approach 

and rhinosinusal endoscopy. 
Simultaneous translation: English, 
Spanish 


Registration Fee — $300. 


For further information write: J. Bosch, MD, 
Muntaner 366-3°, Barcelona 21, Spain. 


French 


~ 
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COURSE 
MICROSURGERY OF THE EAR 


March 10-14, 1980 


Zürich, Switzerland 


Faculty 


PROFESSOR U. FISCH 
PROFESSOR D. PLESTER 


Lectures and demonstrations of middle 
ear surgery (tympanoplasty, modified 
radical operations and stapedectomy) 
on closed circuit color television. Tem- 
poral bone dissections in the laboratory 
are available for 40 participants. 


Tuition: SFr 1,000 (with temporal bone 
dissection) SFr 800 (without temporal 
bone dissection ). 


For further information write: Secretary 
of Prof. U. Fisch, ENT Department of 
the Universititsspital, Riimiestrasse 
100, 8091 Zürich. Tel: 01 - 47 43 68. 


THE DEPARTMENT OF OTOLARYNGOLOGY 
and 
THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF MEDICINE 
of the MOUNT SINAI SCHOOL OF MEDICINE (CUNY) 


Announce a Postgraduate Course 
CONTROVERSIES IN HEAD AND NECK SURGERY 
Under the Direction of 
FRANK E. LUCENTE, MD, HUGH F. BILLER, MD, 

MAX L. SOM, MD, STANLEY M. BLAUGRUND, MD, PETER M. SOM, MD 
Guest Faculty: 

Brian F. McCabe, MD, Richard H. Jesse, MD, Thomas J. Krizek, MD, 
Elliot W. Strong, MD, John J. Conley, MD 
May 22-23, 1980 
Thursday and Friday, 8:30 AM - 5:15 PM (2 Sessions) 


the management of patients with diseases of 


This course will focus on areas of controversy in 
the head and neck. The faculty includes specialist 


s in otolaryngology, general surgery and plas- 


tic surgery, all of whom have extensive experience in head and neck surgery. Format will in- 


clude lectures, panel discussions, problem case p 


resentations and question-and-answer periods. 


FEE: $225. including lunch. Residents: $125. including lunch. 
This course will be given at the Mount Sinai Medical Center, New York City, NY. 


APPLY TO: Director, The Page and William Black Post-Graduate School of Medicine, 


Mount Sinai School of Medicine, One Gustave L. Levy Place, New York, NY 10029. Tel: (212) 


650-6737. 


~ 
~ 


BOSTON UNIVERSITY 
SCHOOL OF MEDICINE 


Departments of Otolaryngology 
Medical Oncology & Radiotherapy 


and 
Boston V. A. Medical Center 


will present a postgraduate course 


MODERN PERSPECTIVES IN 
HEAD & NECK ONCOLOGY 
A MULTIDISCIPLINARY 
APPROACH 


November 15-17, 1979 


Course directors 


M. STUART STRONG, MD 
S. M. SHAPSHAY, MD 


Fee: $250, Physicians. $200, Military 
and Residents. 


Credits: 16.5 AMA Category 1 Credits 


For further information contact: Mary 
Bryant, Department of Continuing 
Medical Education, Boston University 
School of Medicine, 80 E. Concord St., 
Boston, MA 02118. Tel: (617) 247-5602. 
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OTOLARYNGOLOGISTS 


SOUTHERN CALIFORNIA 
PERMANENTE 
MEDICAL GROUP 


Boarp ELIGIBLE OR CERTIFIED 
CALIFORNIA LICENSED 


To associate with a large and well-estab- 
lished multispecialty group. Excellent 
salary and benefits which include con- 
tinuing educational program, paid mal- 
practice, retirement plan, medical and 
dental coverage, life insurance. Partner- 
ship available after two years. 


Write and send C.V. to. James" D: k 
Roorda, MD, 4747 Sunset Blvd., No. IJ, 
Los Angeles, CA 90027. 


AN EQUAL OPPORTUNITY EMPLOYER. 


University of 
HAWAII 


Postgraduate Course 


Ey in 
—^ CEINICAL ALLERGY 
February 16-23, 1980 


Inhalant Serial Dilution Titration 
Technique and Food Allergy Diagnosis 
and Treatment — a Basic Course 


Approved Hour for Hour 
AMA Category I CME 


MAUI SURF HOTEL 
KAANAPALI BEACH 
MAUI, HAWAII 


Pre-Registration 


James W. Willoughby, MD 
Suite 1505, Traders Bank Building 
1125 Grand Avenue 
Kansas City, MO 64106 


Telephone 816-842-6262 


Manhattan Eye, Ear and Throat Hospital 
affiliated with Cornell University Medical College 
offers a course in 
TYMPANOPLASTY 


A five-day course in Tympanoplasty will be given under 
the direction of Adolph Wolferman, M.D. and Cecil D. 
Grimes, Jr., M.D. at the Manhattan Eye, Ear and Throat 
Hospital from November 12 to 16, 1979, and is limited to 
8 participants. 


Participants will observe various tympanoplastic proce- 
dures in the operating room and dissect temporal bones 
in the laboratory under the direction of the Attending 
Staff. Lectures will be illustrated with slides and film. 


Tuition is $600.00 


An organization accredited for Continuing Medical Edu- 
cation, the Manhattan Eye, Ear and Throat Hospital certi- 
fies that this Continuing Medical Education activity meets 
the criteria for 35 hours in Category | of the Physician's 
Recognition Award of the American Medical Associa- 
tion. This program is also acceptable for 35 prescribed 
hours by the American Academy of Family Practice. 


For application forms. and further information, contact: 
Cecil D. Grimes, Jr., M.D., Department of Otolaryngology, 
Manhattan Eye, Ear and Throat Hospital, 210 East 64th 
St., New York, N.Y. 10021, Phone 212-838-9200. 


xviii 


ELECTRONYSTAGMOGRAPHY 


Short Courses for Physicians, 
Audiologists and Technicians 


sponsored by 
THE METHODIST HOSPITAL 
and the INSTITUTE OF 
OTORHINOLARYNGOLOGY and 
COMMUNICATIVE DISORDERS, and 
NEUROLOGY, THE NEUROSENSORY 
CENTER OF HOUSTON 
October 13-15, 1979 
Two parallel three-day intensive courses in 
clinical ENG are offered. The technicians’ 
course stresses practical aspects of test tech- 
nique, and the physicians’ course stresses clini- 
cal applications. Audiologists may take a spe- 
cially scheduled program which includes parts 
of both the techniques and interpretation 
course. The courses rely heavily on tutorial 
teaching methods to allow ample opportunity 
for supervised trial and error learing. 
A report of each technician trainee's perfor- 
mance, including examination scores and an 
evaluation of technical competence, will be 
given the trainee and the employer. 
Course Instructors: 
ALFRED C. COATS, MD, and Staff 
Tuition: $325.00 
Limited Enrollment 
Address inquiries to: Alfred C. Coats, MD, 
ENG Laboratory, The Methodist Hospital, 
6516 Bertner Blvd., Houston, TX 77030. 


EAR RESEARCH INSTITUTE 
announces two-week 
TEMPORAL BONE SURGICAL 
DISSECTION COURSE 
presented annually 
March, May, June and October 
Will demonstrate the multiple approaches to 
the structures of the temporal bone as current- 
ly used by members of the Otologic Medical 

Group, Inc. 

Each day course members spend four hours in 
dissection laboratory and four hours observing 
live color telecasts of surgery which correlates 
with the dissection of the day. Evenings are 
devoted to lectures illustrated by slides and 
motion picture demonstrations. Videotapes in 
color from the Institute's Otologic Seminar 
Library are available for study by course par- 
ticipants. 

Twenty-four board certified or board eligible 
otolaryngologists and residents will be ac- 
cepted in each course. Advance registrations 
for courses in 1980 and 1981 are now being 
accepted. 

Tuition Fee: Otolaryngologists — $1200. U. S. 
currency. Residents — $900. U. S. currency. 
Applications of residents must be accompanied 
by a letter from their Chief of Service. 

For further information address communica- 
tions to: Antonio De La Cruz, MD, Director, 
Temporal Bone Surgical Dissection Course, 
Ear Research Institute, 256 Lake Street, Los 
Angeles, CA 90057. 





SEMINAR 
COSMETIC FACIAL SURGERY 


Sponsored by 


The American Foundation for the 
Medicine and Surgery of Appearance 


and 


The American Academy of 
Facial Plastic and 


Reconstructive Surgery 


DIRECTOR 
Jack R. Anderson, MD 
Clinical Professor 
Tulane University Medical Center 


ASSISTANT DIRECTOR 
Calvin M. Johnson, MD 


CODIRECTOR 
Charles L. Dupin, MD 


OCTOBER 21-26, 1979 


Pavillon Hotel 


New Orleans, Louisiana 


Tuition - $650. 


Accreditation: 42 credit hours, 
Category 1 


For information write: Calvin M. John- 
son, MD, Suite 322, 1111 Tulane Ave- 
nue, New Orleans, LA 70112. 


HILGER 
FACIAL NERVE. 
STIMULATOR 


the original, accepted ~: ` 
instrument for nerve excitability 
testing in the evaluation and 
prognosis of facial nerve 
disorders 


CIAL NERVE STIMULATOR 


HILGER FA 


e 


vou 


MODELS 2 AND 2R 


Recognized for its precision and reliability, 
the HILGER FACIAL NERVE STIMULATOR 
is the original instrument designed for clinical 
evaluation of the facial nerve, clinical 
testing of muscle tissue viability and for nerve 
identification and testing during surgery. 


The instrument features unique circuitry 
specially engineered to facilitate very accurate 
current measurements with readings 
statistically valid through the range of 0.3 to 
10.0 milliamperes used for clinical testing 


Model 2 is furnished with a replaceable battery, 
Model 2R with a rechargeable battery. 
Both models are equipped with a battery test 
meter and are supplied with a bipolar probe 
for clinical testing and a pencil-sized 
probe for surgical use. The transistorized units 
are compact and lightweight for-use in 
office or operating room 


Detailed information is available from — 


WR wtpicAL 


ELECTRONICS CO. 


1995R WEST COUNTY ROAD B-2 
ST. PAUL, MINNESOTA 55113 
Also from WR— 
JAKO FACIAL NERVE MONITOR 
WR SURGICAL NERVE STIMULATOR 





at an affordabie price! 
* Two channels | 
. Eleven discrete nup 


and output transducers. 


All this and much, much more inc ‘cine! Grason-Stadler’ s. 
reputation for quality and performance. — 

he 1715 ... the multi-featured audiometer designed 

ith the user in mina: 


offurther information on what the 1715 has to offer, call or write: Grason-Stadler, Inc. = 
P.O. Box 5, Littleton, 
617/486-3514 _ : 


Distributed outside U.S.A. by Grason-Stadler International, Inc. 





I ne new, thin, 
flexible ENT endoscope 
with distal deflection 
from Machida... 
Nasopharyngo — 
Laryngoscope 

Model ENT-US-25 


The small diameter, flexibility and tip deflection of this scope 

allow for easy, safe and painless endoscopic examination 

anywhere in the upper airway, including the fossa of Rosenmueller 
and sphenoid sinus orifices. 


The insertion tube is only 3.9mm in diameter and is 25cm in length. 
The weight of the control unit is a mere 6 oz. Superior optics 
and a 70° field of vision offer a precise, optically-excellent image. 








Write or call for a demonstration: 


[MACHIDA) 


! MACHIDA AMERICA,INC. | 
65 OAK STREET, NORWOOD; NJ. 07648 
( (201) 767-7350 : | 








Service is a top.concern ... 
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THE 
SEE-THROUGH PORP ` 


(Totally Cannulated Prosthesis) 


Richards Modified Plasti-Pore™ Partial Ossicular Replacement Prosthesis* of- 
fers the surgeon visibility of the superstructure of the stapes during the surgery... 
through the cannulated prosthetic stem. The post rests firmly on the stapes; and the 
broad-faced flange seats against the tympanum. The Plasti-Pore material, a porous 
high density polyethylene, is well tolerated by the body, and has been very success- 
fully used in middle ear procedures. Ask your Richards representative about the 


See-Through PORP. 
* Made for Leslie J. Block, M.D., Chicago, Illinois 


Re RICHARDS 


Memphis, Tennessee 38116, U.S.A. 
© Richards Manufacturing Co., Inc. 1978. All Rights Reserved 


INDEX TO ADVERTISERS 


American Federation for the Medicine and Surgery 
of Appearance page xix 


American Academy of Facial Plastic and 


Reconstructive Surgery page xix 
Boston University School of Medicine pags xvii 
Burroughs-W ellcome Co. pages ii, vii, viii, fourth cover 
California, University of, San Diego page xvi 
Dow Pharmaceuticals pages iii, iv 
Ear Research Institute pages "t. "avi 
Grason Stadler, Inc. page xx 
Hawaii, University of . page xviff 
Hospital de la Cruz Roja A i page xvi 
Life Tech Instruments Co. : | = v 
Louisville, University of page xv, 
Machida America, Inc. "TE Dade Wei’ 
Manhattan Eye, Ear and Throat Hospital mr ie de ig? Sabe xviii 
Menley and James Laboratories, A. Smith Kline Co. page xi 
Mercy Hospital page xiv 
Methodist Hospital pages xv, xviii 
Mount Sinai School of Medicine pages xv, xvii 
Mueller, V. + page xiii 
New York Eye and Ear Infirmary page xiv 
Pacific Medical Center i page xvi^ 
Richards Manufacturing Co. page xxii 
Smith, Kline and French Laboratories page i 
SMR pages ix, x 
Southern California Permanente Medical Group ` page xvii 
Teledyne Avionics page iii 
Universitatsspital, Zurich ü page xvi 
WR Medical Electronics Co. page xix 
Xomed 1 pages vi, xii 
Zeiss, Carl, Inc. Second cover 


Every precaution is taken to insure accuracy, but we eannot guarantee against the possibility of 
an occasional change or omission in the preparation of this index. 


584 E 


The choice is yours.... 
Please specify: 






EMIL 





Cortisporin Otic Cortisporin Otic 


SOLUTION... SUSPENSION... 


(polymyxin B-neomycin-hydrocortisone) (polymyxin B-neomycin-hydrocortisone) 


- The clear solution The white suspension 





‘Burroughs Wellcome Co. 
Researc h Triangle Park 
Wellcome / North Carolina 27709 





i N 
e... EY 


BRAIN STEM AUDITORY EVOKED RESPONSE ` 






Kevin T. Kavanacu, MD 
James V. BearpsLey, PhD 


SUPPLEMENT 58—VOL. 88, JULY-AU 


INS 


CONTENTS 


"BRAIN STEM AUDITORY EVOKED RESPONSE 


I Basic Principles and; Clinical Applications in the Assessment of 
Patients with :Nonorganie Hearing Loss. Kevin T. Kavanagh, MD, 
James V. Beardsley, PhD. oNu eg. ee hrec Page 1 


II. Clinical Application in the: Aktem of Patients with Organic 

Me is Beating Loss. gio T. Kavanagh, MD, James V. Beardsley, PhD. Page 11 
IH. Clinical Uses ri Borie Condition in the Evaluation of Otologic 

Disease. Kevin: T;  Kivimagh, MD, James V. Beardsley, PhD. .. Page 22 





ACKNOWLEDGMENTS 


From the Department of Neurology, Gundersen Clinic, LaCrosse, 
` Wisconsin. 


This experimental study was financed and supported by the Gundersen 
Medical Foundation, Ltd., LaCrosse, Wisconsin. 


BRAIN STEM AUDITORY EVOKED RESPONSE 


I. BASIC PRINCIPLES AND CLINICAL APPLICATIONS IN THE ASSESSMENT OF 
PATIENTS WITH NONORGANIC HEARING LOSS 


Kevin T. KavaNAGH, MD 
Iowa Crry, Iowa à 
James V. BEAnpsrEy, PhD 


La Crosse, WISCONSIN 


A developing method for testing auditory function and ins neurological disórders 
is the brain stem auditory evoked response ( BAER)-to sound stimuli. Elicitation of the BAER 


is noninvasive and produces an objective measurement of a subject's auditory; function, Basic. '' 
principles of this technique and normative data are presented in this paper. It was found that :- 


the BAER can detect asymptomatic high-frequency hearing losses. The sensitivity of this tech- 
nique makes it an ideal method for evaluating functional hearing losses. Two illustrations of 
functional hearing losses are presented. Wave V’s. threshold, latency and amplitude, along with 
comparisons between the auditory (subjective) and BAER threshold, are useful parameters when 
testing for nonorganic hearing disorders. However, this sensitivity to minor hearing losses makes 
it imperative that all control subjects be established'as normal by an audiogram. A mere nega- 


tive history for hearing disorders is felt by the authors to be an inadequate. screening of con- 


trol subjects. 


INTRODUCTION 


In 1970, Jewett and Williston clearly | 


recorded far-field auditory evoked po- 


tentials from the human brain stem : 


(brain stem auditory evoked response, 
BAER) by using scalp electrodes.* 
These potentials are produced by the 
electrical activity in the central nervous 
system (CNS) in response to sound 


stimuli. The response to a single stimu- 


lus is of low voltage (less than 14V) 
and is not discernable against random 
background EEG activity and muscle 
tension. However, if a large number of 
sound stimuli are presented and the 
brain's responses averaged by a comput- 
er, the brain stem auditory evoked po- 
tential will become more pronounced 
and the random “noise” will be aver- 
aged out. Usually 1000 to 2000 stimuli 
are necessary to elicit a clearly defined 
brain stem response (Fig. 1). An 0.1 
msec click, repeatedly presented to a 
subject at a constant rate via a set of 
earphones, is usually used as the stim- 
ulus. 


The subject's responses are detected 
by scalp electrodes. The positive elec- 
trode is placed on the vertex (EEG po- 
sition Cz), the negative electrode over 
the test ears mastoid and the ground 
electrode over the opposite mastoid. The 


vertex i$ used since the BAER, record- - ^ 


ed from this position, has good ampli- 
tude and.a stable wave ‘form. Varying 
the position of the scalp electrode will 
have little effect on wave V's amplitude 
or latenty.? 


These impulses are then augmented 
in a preamplifier and relayed to a com- 
puter with averáges the electrical ac- 
tivity for a set period of time and pro- 
duces the final tracing (Fig. 2). Re- 
cording CNS activity for a time period 
of 0 to 10 msec after the presentation 
detects the first seven or early compon- 
ent waves. A period of 10 to 50 msec re- 
cords the middle components; one great- 
er than 50 msec records late component 
waves (Fig. 3). 


The early component waves have 
been shown by dissection experiments* 
to be associated with the following ana- 
tomical locations: wave I, cochlear 
nerve; wave II, cochlear nucleus; wave 
III, superior olivary complex; wave IV, 
ventral nucleus of the latéral lemnicus; ` 
and wave V, the inferior colliculus.. The 
exact location of wave IV is-dispited® 
and often appears to be fused with 
wave V.° The location of wave VI-may 
be the medial geniculate body,* but its 
location along with that of wave VII is 
still disputed." After wave I, the waves 
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Fig. 1. The effect of artifact (electrical 
or muscular noise) on tracings elicited by 
varying numbers of stimuli. 


are probably produced by multiple gen- 
erators formed by interlacing neuronal 
pathways.* Most of these waves are pro- 
duced in the brain stem and their elici- 
tation is referred to as the BAER. 


These early component waves are 
very useful in the diagnosis of neuro- 
logic and otologic disease. Toxic and 
metabolic factors, even to the point 
where coma is produced, have little ef- 
fect on these waves.^*? The subjects's 
attention to the stimuli has no effect'^'! 
nor does sleep??? or bilateral temporo- 
parietal cerebral infarction.^ Hecox and 
Galambos even theorize that early com- 
ponents would probably be within nor- 
mal limits in anencephalic infants.’ 


The middlé and late wave compon- 
ents are useful in their own right but 
beyond the scope of this paper. How- 
ever, it should be noted that the late 
components are greatly affected by at- 
tention, sleep, drugs and cognitive pro- 
cesses; *9!1 their elicitation is called 
the cortical auditory evoked response. 


Electrocochleography is a technique 
similar to BAER but measures respon- 
ses to sound stimuli using electrodes 
placed beside the round window. Be- 
cause the electrodes are closer to the 


nerve generators, the responses are larg- 
er and fewer stimuli need to be aver- 
aged. However, tympanostomy must be 
done and general anesthesia is usually 
required. Jewett and Williston,’ Picton 
et al? and Lev and Sohmer! showed 
that wave I, recorded by scalp elec- 
trodes, is identical to wave N, recorded 
by round window electrodes. Lev and 
Sohmer'* also found that N, correspond- 
ed to wave II. Sohmer and F'einmesser 
1339 showed that round window poten- 
tials could be recorded by external ear 
electrodes. When recorded by scalp elec- 
trodes wave I is small, yet at slow stim- 
ulus rates and high dB levels it is usual- 
ly elicited. Wave V is one of the strong- 
est waves! and is time-linked to wave I. 
Very similar information can thus be ob- 
tained by measuring wave V with scalp 
electrodes rather than waves N, and N. 
with round window electrodes, and an 
la procedure is thereby avoid- 
ed.? 


If a 500 Hz tone burst is used as a 
stimulus, two BAER and one frequency- 
following response (FFR) are pro- 
duced. The BAER occur as on and off 
responses elicited by the acoustic tran- 
sients and overtones found in the rise 
and fall times of the tone burst.!*''? 'The 
FFR, as with the cochlear microphonic, 
is a wave pattern which mimics the 
waveform of the eliciting stimulus. Var- 
ious areas of the brain stem produce an 
FFR.^ The FFR recorded from the 
scalp is probably derived from the in- 
ferior colliculus.* Most researchers use 
500 Hz stimuli to elict this response.** 
2223 The FFR needs further study be- 
cause of its great potential in providing 
specific information for low frequencies. 


Our clinic has encountered three 
kinds of situations in which the BAER 
can be of service. First, the BAER 
serves as objective evaluation of acous- 
tic function in patients who have a non- 
organic hearing loss or in those who 
have difficulty responding to sound 
stimuli. An example of the latter is the 
child who, for uncertain reasons, has not 
developed speech, and both parents and 
physicians are not sure if the child is 
mentally retarded or deaf. Also, children 
with cerebral palsy or infants with con- 
genital deformities can have their hear- 
ing tested by this method. Second, the 
BAER can also detect occult central 
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CA-1000 


I Acoustic Nerve 

II Cochlear Nucleus 

III Superior Olivary Complex 
IV Nucleus of Lateral Lemnisci 
v Inferior Colliculus 

VI Unknown 

VII Unknown 


Fig. 2. Diagram of brain stem auditory evoked response apparatus. 


lesions. It is helpful in excluding the 
existence of an acoustic neuroma** and 
in finding a second occult lesion for the 
diagnosis of multiple sclerosis.^ Other 
occult brain stem pathology may be. de- 
tected, although in clinical practice 
these lesions are quite rare. Finally, the 
BAER is useful in determining brain 
death. Metabolic coma can mimic brain 
death by producing a "flat" EEG, but in 
this condition the BAER may be un- 
affected.*^ For the above clinical prob- 
lems, the BAER is a useful tool. This 
paper is one of three reports which 
study the BAER's capabilities and limi- 
tations in evaluating hearing disorders. 
In this first paper, the basic principles 
and normative data for the BAER are 
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10 msec 50 msec 
Early Components: 
Middle Components: 
Late Components: 


waves I through VII 
Waves N4 through Ny 
Waves P through P4 


Fig. 3. Components of auditory brain 
stem and cortex evoked responses. ( Pos- 
itive deflection is upward. ) 


presented. Also, the sensitivity: of this: 
technique for detecting mild hearing 
losses and its utility in testing functional 
hearing disorders are evaluated. 


METHODS AND MATERIALS 


The equipment employed in this study was 
a Nicolet HGA-100 amplifier modified by Nic- 
olet to reduce artifact, a Nicolet CA-1000 sig- 
nal averager, a click generator, and a pair of 
shielded headphones. The recording band 
width was 150 to 3000 Hz. 


Click stimuli with a duration of 0.1 msec 
and an instantaneous rise-fall time were used. 
The stimuli alternated in polarity on succes- 
sive stimulations and were presented at a rate 
of 3l/sec at levels starting at 80 dB HL? 
and decreasing by increments of 10 dB until 
no waves were recorded. Each trial consisted 
of 2000 click presentations. Only one ear was 
tested except at the 80 dB level, where both 
ears were tested. All recordings were repeated 
and averaged for reliability. Latencies of waves 
I, III, IV, and V and amplitudes of wave V 
were recorded. Forty decibels of white noise 
were used to mask the nontest ear. 

Nineteen subjects aged 11 to 40: years were 
selected. An audiogram was obtained from 
each subject and no more than a 5 dB loss in 
any frequency was allowed. All audiograms 
were plotted by ISO criteria. No subject had 
a prior history of otologic or neurologic dis- 
ease. Of these subjects, 15 were pure controls 
and 4 were tested as "abnormals" with a min- 
imal hearing loss. Two additional patients with 
a functional hearing loss were tested. Each of 


*HL (hearing level) signifies that all decibel levels of equal magnitude had the same acous- 
tic energy. SL (sensation level) denotes that all decibel levels of equal magnitude were of equal 
sound intensity above the subject's auditory (subjective) click threshold. 
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Sound Intensity (decibels) 


Fig. 4. Latency (left) and amplitude (right) of Wave V as a function of intensity 


level. (Middle line is the mean; two outer lines are + 2 SD. 
wave amplitude. Stimuli are clicks presented at a rate of 31/sec.) 


these patients had an audiogram and was pre- 
ey lick stimuli at various decibel levels. 
Thresholds for both click perception (audi- 
tory threshold) and for BAER response were 
determined along with wave V’s latency and 
amplitude. All subjects had a normal otologic 
exam before the test. 


RESULTS 


The normative data obtained from the 
15 control subjects are presented in Fig- 
ure 4 and Tables 1, 2, and 3. The means 
and the standard deviations for latency 
and amplitude of wave V, elicited by 
clicks at various decibel levels, are pre- 
sented in Figure 4. The mean value for 
latency of wave V (and its standard de- 
viation) increase with decreasing stimu- 
lus intensity. The mean and standard 
deviation for amplitude decrease with 
lower decibel stimulation. 


Table 1 shows that wave V is most 
stable at lower decibel levels of stimu- 
lation. Many subjects, at these levels, 
produced only wave V; if other waves 
were present, a wave V was also elicit- 
ed. Wave II was found only at high 
decibels of stimulation, and wave IV 
was often fused to wave V so that its 
exact latency could not be measured. 


` The time interval between wave I and 
wave V (I-V interval) could be record- 


wave latency; 


ed in all subjects with a click rate of 
31/sec by increasing the decibel level to 
80. Wave I was not elicited in 2 of the 
15 subjects using 70 dB stimuli at a rate 
of 3l/sec. Levels greater than 80 dB 
were not used on control subjects be- 
cause they caused discomfort. Table 2 
shows the average latencies for the I-V*, 
I-III and II-V intervals. These intervals 
did not significantly change when elic- 
ited by stimuli of various decibel levels. 


The difference in latency of wave V 
at 80 dB HL at a rate of 31/sec be- 
tween a subject's right and left ears was 
found to have a mean of 0.073 msec 
with a standard deviation of 0.064 msec. 
"Thirteen of the controls had differences 
between 0.02 msec and 0.096 msec. Two 
subjects had differences of 0.22 msec 
and 0.24 msec. Table 1 shows that the 
standard deviation of wave V elicited by 
an 80 dB, 3l/sec click is 0.121 msec. 
Thus the intersubject latency difference 
of wave V is greater than the intrasub- 
ject difference. For this reason, some 
experimenters use the subject’s opposite 
ear as a control when testing for subtle 
pathology.?* 


The average threshold for hearing the 


click, in the 15 control subjects, was 
8.33 dB. The threshold for the BAER is 


*Latency of wave V minus latency of wave I — I-V interval. 
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TABLE 2. MEAN LATENCY OF WAVE INTERVALS I-V, I-III AND III-V ELICITED BY 
31 CLICKS/SECOND (N = 15) 











I-V I-III II-V 
dB & SD N SD N & SD N 
80 ta "3,8 . 163 * 15 2.00 182 15 189 090 15 
70. <. 73.88 176 13 2.00 145 13 188 121 15 
60 3.80 " 192. 7 2.08 — .215 7 179 .162 14 
500 3,08 | .287 6 201  .216 6 1.68 198 13 
40 3.80 160 2 198 .06 2 168 122 ll 
20 — =- — -= — — 175 . .017 4 


defined by the authors as the stimulus 
intensity at which waves are first dis- 
cernable. As shown in Table 3, no sub- 
ject had a BAER threshold below the 
auditory (subjective) hearing thresh- 
old. All auditory thresholds were de- 
termined under masking conditions. The 
authors believe that masking tends to 
distract a subject and to give a falsely 
elevated auditory threshold, as illustrat- 
ed by the four subjects in Table 3 with 
auditory thresholds equal to their BAER 
thresholds. Under nonmasking condi- 
tions, our laboratory has never obtained 
a BAER threshold that was not at least 
10 -dB higher than a control subject's 
auditory threshold. 


The normal BAER threshold is shown 
in Table 1. Fourteen subjects had 
thresholds of 20 dB or below; no sub- 
ject had a threshold less than 10 dB. 
Only one subject had a threshold of 30 
dB. This subject produced a lot of mus- 
. cle artifact and when she was rerun in a 

more relaxed state a 20 dB threshold 
was obtained. The authors use 20 dB as 
the high normal cutoff for the BAER 
threshold in a well-relaxed subject. 


TABLE 3. DIFFERENCE BETWEEN BAER 
THRESHOLD AND SUBJECTIVE 
HEARING THRESHOLD IN CONTROL 
SUBJECTS (N = 15) 








Number of 





A Decibels Subjects 
25 1 
20 0 
15 1 
10 3 
5. 6 
OF sw 4 
^ Total 15 


A Decibels - BAER threshold minus audi- 
tory (subjective) hearing threshold. 


The latency intensity functions for the 
two subjects with functional hearing loss 
are shown in Figures 6 and 7. These 
subjects had no significant abnormalities 
of wave V latencies, amplitudes, and 
thresholds. 


DISCUSSION 


Derivation of Control Data. In collect- 
ing normative data for the BAER the 
authors believe it imperative for all sub- 
jects to be established as normal with an 
audiogram. Four subjects in this study 
were rejected as controls because of a 
20 to 30 dB high-frequency hearing loss. 
All of these four subjects showed latency 
increases of more than two standard 
deviations at low decibel levels of stim- 
ulation (Fig. 5). Because these subjects 
were asymptomatic, they would have 
been included in the control group had 
audiograms not been obtained. Their in- 
clusion would have resulted in wider 
standard deviations and decreased sen- 
sitivity of the technique because a 
laboratory cannot distinguish a 10-20 dB 
loss if subjects with such a loss are part 
of its control group. 


A few experimenters have studied the 
effect of age on control data and have 
found latency changes in older subjects 
with no history of hearing loss.?^?5 Be- 
cause no audiograms were obtained on 
their experimental subjects, asymptom- 
atic hearing losses might have gone un- 
detected; the increased latencies of the 
older subjects probably represent no 
more than the increased incidence of 
hearing loss with age. 


One of those experiments?” presented 
the auditory stimuli at an equal sound 
intensity above the subjects auditory 
click threshold (SL). That experimental 
design did not take into consideration 
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Fig. 5. Four subjects with minor high-frequency hearing loss. The middle solid line 
is normal mean latency of 15 control subjects, and the two outer solid lines are + 2 SD. 
(Audiograms show air conduction with vertical axis representing decibels plotted by 


ISO standards. ) 


recruitment or the fact that neurosensory 
losses usually are not equal in all fre- 
quencies. Thus the BAER in those sub- 
jects may have been produced by a dif- 
ferent frequency spectrum than it is in 
normals, and raising the sound intensity 
may not necessarily have made those pa- 
tients comparable to controls. 


Obtaining control data in infants is 
difficult because, below the age of 18 
months, latency increases with decreas- 
ing age.!?:*?? [t is felt that this is a ma- 
turation phenomenon,'^?? possibly re- 
lated to brain myelination.*! Both pe- 
ripheral and central mechanisms are in- 
volved as shown by an increase in wave 
I latency and the I-V interval, respec- 
tively.°° In very young and premature 
infants this latency delay has a higher 
correlation with age from conception 
than age from birth?? Not only is the 
gathering of these data a lengthy pro- 
cess, but their interpretation is difficult 
because the neonatal ear is not well un- 
derstood and serous otitis or a collap- 
sing ear canal may be physiologicallv 
normal with resolution as the neonate 


matures. Nevertheless, careful gestation- 
al age controls will probably prove very 
valuable in deriving statements about 
the patency of the mechanisms of hear- 
ing in very young children. 


Evaluation of Functional Hearing . 
Loss. Sensitivity of the BAER to minor 
high-frequency hearing loss makes it a 
good test for evaluating functional hear- 
ing disorders. If a neurologically intact 
subject has a normal wave V latency, 
amplitude, and threshold, it is unlikely : 
that a significant high-frequency loss 
exists. It is very important to elicit 
wave V's threshold response, because 
at high decibels of stimulation, latency 
and amplitude can be normal even 
when a significant hearing loss is pres- 
ent. The BAER threshold should also 
be compared to the auditory (subjec- .. 
tive) threshold of the click stimuli. In 
no control subject (Table 3) and in 
none of 29 abnormal subjects studied*? 
was the auditory threshold for the click 
greater than the BAER threshold. How- . 
ever, in functional hearing losses the re- 
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Fig. 6. Subject GM with à bilateral functional hearing loss. 'The middle solid line 
is normal mean latency of 15 control subjects, and the two outer solid lines are + 2 SD. 
(Audiograms show air conduction with vertical axis representing decibels plotted by 


ISO standards.) 


verse was often found. The two follow- 
ing patients exemplify these points. 


Case 1. GM (Fig. 6) was a 24-year- 
old female who had a history of con- 
genital bilateral hearing loss and was 
being evaluated for dizziness associated 




















with a vague sensation of motion. The 
audiogram of the patients right ear 
showed a 60 dB loss at 8000 Hz and a 
40 to 50 dB loss in the other frequencies. 
The patient's left ear had a similar loss. 
A Békésy audiogram revealed a type I 
tracing but a Stenger test could not be 
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Fig. 7. Subject RL with a bilateral functional hearing loss. The middle solid line 


is normal mean latency of 15 control subjects, and the two outer solid 


lines are + 2 


SD. (Audiograms show air conduction with vertical axis representing decibels plotted 


‘by ISO standards.) 
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performed because of the patient's bi- 
lateral loss. A Minnesota Multiphasic 
Personality Inventory suggested a con- 
version reaction. A BAER was request- 
ed to help to rule out an acoustic neuro- 
ma. The patients right ear (GM-R) 
was found to have near normal wave V 
latencies with a BAER threshold of 10 
dB. The patient's auditory click thresh- 
old was 25 dB. As illustrated by sub- 
jects with mild hearing losses (Fig. 2), a 
60 dB loss at 8000 Hz should cause 
marked abnormalities. However, the pa- 
tients. BAER had only insignificant 
changes. Also, the patient's auditory 
threshold was 15 dB higher than her 
BAER threshold. Similar results were 
obtained with the patient's left ear 
(GM-L). A diagnosis of functional hear- 
ing loss was based on these two obser- 
vations. 


Case 2. RL (Fig. 7) was a 13-year-old 
male who had a six-year history of a 
deaf right ear (RL-R) and decreased 


hearing in his left ear (RL-L). At school 
the child sat on the right side of the 
classroom so he could hear his teacher, 
and was well adjusted to his hearing de- 
ficit. The suspicion had been raised that 
his hearing loss was functional. A 
Békésy audiogram was uninterpretable 
and a Stenger test was positive in only 
one of three test frequencies. It was fi- 
nally decided that a true organic loss 
was present and a trial with a hearing 
aid was indicated after a BAER: con- 
firmed this clinical impression. An audio- 
gram of his left ear showed a 40 to 60 
dB loss and he had a 60 dB auditory 
click threshold. This ear produced nor- 
mal wave V latencies and amplitudes. 
It also had a BAER threshold of 30 dB. 
The patient's right ear had an auditory 
click threshold of 95 dB, and an audio- 
gram revealed absence of hearing in all 
the frequencies tested. This ear pro- 
duced a normal BAER with a BAER - 
threshold of 30 dB. A diagnosis of bi- 
lateral functional hearing loss was made. 
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This paper studies the effect of otologic disease on the brain stem auditory evoked re- 
sponse (BAER). Both conductive and neurosensory hearing losses are analyzed by plotting. wave 
V latencies and amplitudes as a function of sound intensity. It was found that the BAER is 
elicited primarily by frequencies greater than 2000 Hz. Conductive hearing losses produce a 
latency intensity function which approaches the norm with high decibel stimulation. Neurosen- 


sory losses produce a variety of 


latency intensity functions. In determining the degree of hear- 


ing loss, wave threshold is found to be the best index. Wave latency at high decibels is found 
to have little correspondence to degree of neurosensory loss; wave amplitude is highly variable 
among subjects but still a useful indicator for detecting pathology. Between-ear comparisons 
of wave latencies elicited by high decibel sound stimulation suggest that unilateral nonrecruit- -: 
ing or partially recruiting hearing losses will result in a latency difference. This method can 

be used to detect unilateral acoustic neuromas, and the false positives found by this technique : 
are probably caused by other unilateral nonrecruiting hearing losses. In evaluating neurological 


disease, an 


especially when testing for a second occult lesion in multiple sclerosis (MS) an 


audiogram should be obtained because the criterion of a normal wave latency with decreased 
amplitude for the diagnosis of MS can be mimicked by peripheral hearing loss. i 


INTRODUCTION 


Most experimental papers dealing 
with brain stem auditory evoked re- 
sponse (BAER) have focused on the 
ways in which central neurological dis- 
eases alter the latencies and interpeak 
differences of the component waves con- 
tained in the BAER. The first five waves 
are produced by various levels of the 
auditory pathway. Waves I through V 
are produced at the level of the acoustic 
nerve, cochlear nucleus, superior olive, 
nuclei of the lateral leminiscus (al- 
though this is disputed), and inferior 
colliculus respectively. 


Wave V is the strongest wave and 
many types of lesions both central and 
peripheral will prolong its latency and 
reduce its amplitude. The time interval 
between wave I and wave V is common- 
ly used to separate central from periph- 
eral diseases. Cochlear lesions were 
found to shorten the I-V interval; retro- 
cochlear lesions have been found to pro- 
long it^* Brain stem lesions associated 
with a prolonged I-V interval can be 
produced by vascular insufficiency, mass 
effects, and demyelinating diseases.**"* 


11 


Mass effects can be produced by a shift 
of the brain. stem,’ herniation; or in- 
vasive tumors."*' Acoustic neuromas 
prolong wave V's latency by more than 
0.4 msec when the latency of the 
affected ear is compared to that of 
the opposite ear. Using this criterion, 
only 3% of acoustic neuromas are not 
diagnosed. However, there is a 12% 
false positive rate.* Wave I is usually ab- 
sent but can be normal even in the pres- ` 
ence of an abnormal wave V.* Multiple 
sclerosis (MS), a demyelinating disease, 
affects only the CNS and wave I thus 
remains normal.®:*1° Of 30 MS patients 
studied by Robinson, 22 had abnormal 
BAER responses, 16 had decreased 
wave V amplitudes, 10 had. increased 
wave V latencies, and 4 had both. 


The BAER cannot distinguish the ` 
type of lesion, only the location. For 
example, if waves I through III are nor- 
mal and waves IV and V are not prés=- ;; 
ent, then the lesion must be located 
above the superior olive. In clinical 
usage, this technique is limited to the de- 
tection of occult lesions such as acoustic 
neuromas,* the finding of a second oc- 
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Fig. 1. Tone specificity of the BAER elicited by a click. Normal mean latency of 


15 control ae is represented by the center solid line; + 2 SD are shown by the 
two outer solid lines. ( Audiograms show air conduction with the vertical axis represen- 


ting decibels plotted by ISO standards.) 
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Fig. 2. BAER in subjects with severe hearing loss. Normal mean latency (a) and 
amplitude (b) for the 15 control subjects are shown by solid lines. The center line rep- 
resents the mean and the two outer lines are + 2 SD. (Audiograms show air conduc- 
tion with the vertical axis representing decibels plotted by ISO standards.) 
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Fig. 3. BAER in subjects with various degrees of neurosensory high-frequency 
hearing loss. Normal mean latency of 15 control subjects is represented by the center 
solid line; + 2 SD are shown by the two outer solid lines. (Audiograms show air con- 
duction with the vertical axis representing decibels plotted by ISO standards. ) 


cult lesion for the diagnosis of MS, the 
establishment of brain death, or the 
evaluation of hearing. It makes little 
sense to study and bill a patient who has 
a known brain stem lesion when the re- 
sults of the study will not affect patient 
management. 


The auditory evoked response to 
clicks can also be used to evaluate both 
functional and organic hearing losses. 
Both neurosensory and conductive hear- 
ing losses? can prolong wave V laten- 
cies. This paper deals only with organic 
losses and the parameters of the BAER 
which should be measured. Also, data 
regarding the frequency specificity of 


the click and the significance of a flat 
BAER are presented. 


METHODS AND MATERIALS 


This study employed the same equipment 
described on page 3. A total of 33 subjects (37 
ears) were tested. Twenty-four subjects had a 
neurosensory hearing loss, eight had primarily 
a conductive loss, and one had a mixed loss. 
One subject with. a conductive hearing loss 
was tested the day of and six weeks after 
stapedectomy. No subject had a history of neu- 
rological disease and each had an otologic ex- 
amination prior to the test. 


The subjects were tested with 0.1 msec 
clicks presented at a rate of 31/sec at varying 
sound intensities (HL); 2000 click presenta- 
tions were summed per trial. If a subject pro- 
duced a low amplitude BAER, a maximum in- 
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Fig. 4. BAER in subjects with neurosensory hearing losses involving both high 
and low frequencies. Normal mean latency of 15 control subjects is represented by the 
center solid line; + 2 SD are shown by the two outer solid lines. ( Audiograms show air 
conduction with the vertical axis representing decibels plotted by ISO standards.) 


tensity of 95 dB was used. Wave V's latency, 
amplitude’ and threshold were recorded. Both 
, ears of a subject were tested with 80 dB HL 
clicks at a rate of 31/sec for comparison of in- 
terear latencies. All recordings were repeated 
and averaged for reliability. The auditory 
threshold to the click was determined and com- 
ared to the BAER threshold; the clicks used 
or stimulating the BAER had an average audi- 
tory. (subjective) threshold in normal subjects 
of 8.33 dB; In all subjects the opposite ear was 
masked: with 40 dB white noise. 


All subjects were tested without sedation 


when seated ina reclining chair to reduce 
;* neck muscle artifact. Only one subject had to 


be retested ‘because of artifact. Four children 
between -the ages of seven and eight were 
tested. They -tolerated the procedure well and 
produced. very little muscular artifact. In two 


subjects tested early in this experiment, audi- 
tory thresholds and contralateral BAERs were 
not obtained. All subjects had a prestudy au- 
diogram, and masking was used if an interear 
difference greater than 20 dB was present. AII 
audiograms presented in this paper are plotted 
by ISO criteria. Normative data were obtained 
from 15 control subjects described by Kava- 
nagh and Beardsley.” 


RESULTS 


For each of the subjects tested, wave 
V's latency as a function of stimulus in- 
tensity was plotted to form a latency- 
intensity function (Figs. 1-4, 6 and 7). 


Figure 1 illustrates that the BAER to 
a click is elicited mainly by high fre- 
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Fig. 5. Wave V amplitudes of seven subjects with neurosensory or conductive 
losses who had normal wave latencies at. high stimuli intensities. (Subjects BR-L, 
DV-L, CH-L, and DS-L had neurosensory lossés. Subjects GB-R, KS-L, and CS-L had 
conductive losses.) Normal mean amplitude of 15 control subjects is represented by the 
center dashed line; + 2 SD are shown by the two outer dashed lines. b^ aris 


quencies above 2000 Hz. Severe hearing 
losses are illustrated in Figure 2; two of 
the five subjects shown had no BAER 
but still had residual hearing. Figure 3 
shows eight subjects with various de- 
grees of high-frequency hearing loss and 
demonstrates that latency at high deci- 
bels is a very poor predictor of auditory 
function. Threshold appears to be the 
best predictor. 


If a subject with abnormal hearing is 
tested with high decibel stimuli, a wave 
V with a normal latency but abnormal 
amplitude may be elicited. A reduction 
in amplitude along with an increased 
BAER threshold may be the only indi- 
cations of a hearing abnormality (Fig. 
5). 


Various latency-intensity functions for 
patients with neurosensory and conduc- 
tive hearing losses are shown in Figures 
4, 6, and 7. Comparisons of these figures 
show that both conductive and neuro- 
sensory hearing losses can produce sim- 
ilar curves. 


A predicted latency intensity function 
for a 20 dB conductive hearing loss is 
shown in Figure 6. At high decibel lev- 


els, latency approaches the norm; ab- 


normalities are most marked a threshold. 
One subject (RA-L) who had a con- 
ductive hearing loss underwent stape- 
dectomy. Figure 6 shows that improve- 
ment in this subjects audiogram was 
accompanied by a corresponding de- 
crease in her BAER threshold and a 
shortening of wave V's latency. 


None of the subjects tested had an 
auditory threshold above his or her 
BAER threshold (Table 1). Table 2 
shows the difference in wave V latency 
between a subjects right and left ears 
when tested at 80 dB HL. Only 2 of the. . 
19 subjects with a neurosensory loss had» ` 
an interear difference greater than 0.40 
msec; both of these patients had asym- 
metrical peripheral hearing losses. 


DISCUSSION 


Figure 1 plots wave V latency/as a 
function of intensity level for three sub- 
jects with a neurosensory hearing:loss. 
Subject CM-R had a bilateral familial. . 
low-frequency hearing loss and ES-R - 
had a high-frequencv hearing loss of 
equal severity. Only ES-R produced an 
abnormal latency-intensity curve. Com- 
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Fig. 6. BAER in a patient with conductive hearing loss. Normal mean latency of 
15 control subjects is represented by the center solid line; + 2 SD are shown by the 
two outer solid lines. (Audiograms show air conduction with the vertical axis repre- 


senting decibels plotted by ISO standards.) 


paring these two curves illustrates that 
the click-elicited BAER is primarily de- 
rived from the basilar cochlea. Davis and 
Hirsh, in experiments utilizing narrow 
band masking, have reached similar con- 
clusions.* Subject RG had an asym- 
metrical hearing loss more severe in his 
left (RG-L) than right (RG-R) ear. 
The RG-R line in Figure 1 demonstrates 
that losses between 2000 and 6000 Hz 
will produce an abnormal BAER. Audio- 
grams’ of RG-L and RG-R were very 
similar below 4000 Hz, but above this 
level. RG-L had a more severe loss. The 
BAER for RG-L had a longer latency 
and higher threshold than the BAER for 
RG-R. Thus frequency losses above 
4000 Hz will also produce an abnormal 
BAER response. Other experimenters 
have found that the BAER is maximally 


correlated with frequency band from 2 
to 4 kHz" and 4 to 8 kHz.** 


The BAER is very sensitive to high- 
frequency hearing losses, and minor 
losses can be detected.? A normal la- 
tency-intensity function is very good evi- 
dence for normal hearing, especially be- 
cause low-frequency hearing loss with- 
out a high-frequency component 
above 2000 Hz is rare. 


If no BAER can be obtained from an 
individual, a question arises about 
whether the patient might be totally 
deaf. Figure 2 shows audiograms and 
BAER for five subjects with severe hear- 
ing loss. FK-R and FS-L had neurosen- 
sory hearing losses caused by an ototoxic 
drug and a Pantopaque®-proven acous- 
tic neuroma, respectively. RS-L had a 
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Fig. 7. Various BAER in patients with 


ity (decibels) 


conductive hearing loss. Normal mean la- 


tency of 15 control subjects is represented by the center solid line; + 2 SD are shown 


by the two outer solid lines. 


mixed hearing loss from otosclerosis. 
DW-R had a pure conductive loss from 
congenital malformation of the middle 
ear, and MG-L had a neurosensory loss 
of undetermined etiology. Even though 
none of these ears was totally deaf, two 
(FK-R and FS-L) produced no BAER. 
Therefore a laboratory must be cautious 
in diagnosing deafness by BAER tech- 
niques because some residual hearing 
may still be present. 


Data from eight subjects with vary- 
ing degrees of high-frequency hearing 
loss are shown in Figure 3. In evaluating 
their BAER to determine hearing acuity, 
three measurements were made. 


The first measurement is the threshold 
of the BAER. BAER threshold is de- 
fined by the authors as that decibel lev- 
el at which the BAER is first discern- 


able. In no studied subject with a sig- 
nificant high-frequency hearing loss was 
this parameter normal. It is unfortunate 
that BAER threshold values do not cor- 
respond closely with the degree of hear- 
ing loss present, as illustrated bv GS-L 
(Fig. 3). This subject had the highest 
BAER threshold in Figure 3 but only a 
35 dB loss. Two facts explain this. First, 
at threshold onlv wave V is detected 
and its amplitude is highlv variable.'? 
Thus subjects with a normally:low wave 
V amplitude will have a high BAER’ 
threshold. Second, at threshold wave V’s 
amplitude is very small. and electrical 
and muscular artifact can mask a sub- 
iect's response. Patients should therefore 
be relaxed and preferably asleep or se- 
dated with chloral hvdrate before test- 
ing. All subjects with an organic hear- 
ing loss had a BAER threshold below 
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TABLE 1. DIFFERENCE BETWEEN BAER 
THRESHOLD AND SUBJECTIVE 
HEARING THRESHOLD 
IN SUBJECTS WITH PERIPHERAL 
HEARING LOSS (N — 33) 











. Neuro- 
A Decibels: sensory Conductive Mixed 
' 45. 2 0 0 
40 0 0 0 
35 1 0 0 
30 2 0 0 
4.25 T 4 0 
'20 2 1 0 
» 15 . 4 2 0 
K s 10; 3 l 1 
3359 4 6 0 0 
sU. 9 1 0 
4 <0 0 0 0 
Total Ears* | 23 9 1 
*In..2 subjects the auditory (subjective) 


hearing threshold was not tested, and 2 sub- 
jects produced no BAER waves; 33 ears were 
tested in 29 subjects. A Decibels - BAER 
threshhold minus auditory (subjective) hear- 
ing threshold, » 


their auditory threshold (Table 1). In 


' “functional hearing disorders, the reverse 


was often found." 


Wave V latency is the second mea- 
surement of acoustic function. As illus- 
trated by CH-L and BR-L in Figure 3, 
latency at high decibels has very little 
correlation with hearing loss. These sub- 
jects had a 50 to 60 dB high-frequency 
hearing loss, but at high decibel levels 
of stimulation had normal latencies. The 
authors believe that recruitment is re- 
sponsible for this effect. Picton? states 
that recruiting ears produce an "L^" 
shaped latency-intensity function. The 

' base of the “L” is produced by a very 
rapid increase in latency with a slight 
' drop in sound intensity. Two subjects 
in Figure 3 (BR-L, CH-L), and one 
in Figure 4 (DS-L) have such a curve. 
Jerger' also found that threshold is a 
better predictor of acoustic function 
than latency and noted that latency cor- 
related with audiometric configuration. 


At threshold, the latency of wave V 
:is much more indicative of acoustic 
function. However, when elicited by 
low-level stimuli, the detection of wave 
V is markedly affected by artifact, and 
finding the exact BAER threshold could 
become quite time consuming. 


TABLE 2. DIFFERENCE OF WAVE V 
LATENCY BETWEEN RIGHT AND LEFT 
EARS IN SUBJECTS WITH PERIPHERAL 

HEARING LOSS (N — 27)? 











A Latency 
Between 
Right and Neuro- Con- 

Left Ears, msec sensory ductive Mixed 
.00-.09 8 i 0 
.10-.19 5 1 0 
.20-.29 4 0 0 
.30-.39 0 1 0 
.40-.59 1 1 0 
.60-.69 1 0 0 

>.70 0 3 1 


*Four subjects produced BAER in one ear 
only, and in two subjects contralateral testing 
was not performed. 


Amplitude is the third measurement 
used in evaluating hearing. Because of 
its great standard deviation, it is the 
least reliable parameter. Nevertheless at 
high intensities when wave V latency is 
normal, the amplitude is often abnor- 
mal. Four subjects ( DS-L, DV-L, CH-L, 
and BR-L) with neurosensory hearing 
loss show this pattern. Three of these 
four subjects had abnormal wave ampli- 
tudes above their threshold responses 
(Fig. 5). One subject, DS-L, had an 
audiogram which showed a significant 
hearing loss, but his only significant ab- 
normality was an elevated BAER thresh- 
old of 50 dB and a reduced wave V 
amplitude at this level (Figs. 4 and 5). 
This subject demonstrates that the 
BAER threshold response must always 
be obtained when evaluating hearing. 


Even when using all of these criteria, 
a BAER evaluation cannot reliably dup- 
licate an audiogram because many com- 
binations of auditory losses involving 
different frequencies can produce sim- 
ilar curves, and because a BAER elic- 
ited by clicks, mainly tests high-frequen- 
cy hearing. Although normality can be 
determined with a high degree of ac- 
curacy, any loss present can only be de- 
scribed as mild, moderate, profound, or 
severe and only in reference to high- 
frequency hearing. 


The latency-intensity functions for 10 
subjects with various neurosensory hear- 
ing losses in both high and low frequen- 
cies are shown in Figure 4. Many of 
these curves, and those in Figure 3, are 
either parallel to or slowly approach the 
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norm. One might theorize that these sub- 
jects had nonrecruiting or partially re- 
cruiting ears in the frequencies eliciting 
the BAER. However, there is no reliable 
method of testing this hypothesis be- 
cause a click stimulates a band of fre- 
quencies and the BAER may be com- 
posed of both recruiting and nonrecruit- 
ing frequencies. Also, the best objective 
means of evaluating recruitment in sub- 
jects with a bilateral symmetrical hear- 
ing loss is the Short Increment Sensitiv- 
ity Index, and this method is usually not 
calibrated for frequencies above 4000 
Hz. 

Conductive hearing losses are equiva- 
lent to decreasing the sound intensity 
used in stimulation. In theory, a conduc- 
tive hearing loss will result in a shifting 
of the latency-intensity function to the 
right, so that wave V's latency at thresh- 
old is unchanged. The amount of shift 
should correspond to the degree of hear- 
ing loss. A predicted latency-intensity 
function for a 20 dB loss is shown in 
Figure 6. This curve slowly approaches 
the norm, and at higher decibel levels, 
normal latencies are elicited. The pre- 
operative audiogram of RA-L (Fig. 6) 
shows a typical conductive hearing loss; 
the loss is not equal in all frequencies 
and is maximal in the lower frequencies. 
(Preoperative and postoperative bone 
conductions were not significantly dif- 
ferent.) The latency-intensity function 
shows a marked displacement to the 
right compatible with a severe hearing 
loss. The patient had a stapedectomy 
and six weeks after the operation, her 
audiogram showed complete closure of 
the air-bone gap with persistence of a 
neurosensory hearing loss. The patient's 
latency-intensity function also showed 
marked improvement with a shorter la- 
tency and a BAER threshold 40 dB 
lower (Fig. 6). 

Latency-intensity functions for seven 
other subjects with conductive hearing 
losses are shown in Figure 7. The mild- 
est loss was GB-R, who had only a 20 
dB high-frequency loss from a resolving 
serous otitis media. The most severe loss- 
es were SD-R, who had a 40 dB loss in 
all frequencies from ossicular disconti- 
nuity; and DW-L, who had a 40 dB loss 
in all frequencies from a congenital de- 
formity of his middle ear. 


In all subjects, the displacement of 


the curve corresponds roughly to the de- 
gree of conductive hearing loss. How- 
ever, the extent of displacement was not 
an exact indicator of the deficit. This 
imprecision is.to be expected because 
conductive hearing losses are often max- 
imal in the low frequencies'*'* (RA-L, 
Fig. 6) and because the click-elicited 
BAER measures high frequencies. The 
same degree of low-frequency hearing 
loss is often associated with different 
magnitudes of high-frequency losses; 
and one would expect different latency- 
intensity functions to be prodtced, ` 


Another clinical problem is distin 
guishing conductive from neurosensory. 
or mixed losses. All of these conditions 
can produce similar curves (Figs: 3, 4, 
and 7). In an attempt to differentiate 
these losses, the authors’ laboratory has 
experimented with the BAER ‘elicited . 
by a mastoid oscillator. The authors - 
have found this technique to be useful 
but not ideal because, as already men- 
tioned, clicks often. do not stimulate the 
cochlea in the area of maximal conduc- 
tive loss. The sound energy output of a. . 
mastoid oscillator is limited!? and thé 
best-defined waves only correspond to 
those produced by 40-50 dB air stimuli. 
Berlin;* using . electrocochleography, 
found bone conduction to be plagued 
with problems of artifact and calibra- 
tion. Also, results are difficult to inter- 
pret because the type of hearing loss 
above 4000 Hz, on a subjects audio- 
gram, cannot be reliably determined 
with mastoid oscillators, which are not 
calibrated for these frequencies. Finally, 
bone conduction doubles the time need- 
ed to evaluate hearing and makes the 
test approximately two hours long. The 
expense and length of this procedure 
is often not justified because most mid- 
dle ear pathology in children can usually 
be detected by tympanometry or by a ` 
good otologic examination. A rare need 
for the use of bone conduction may lie 
in the evaluation of cochlear function in 
the presence of known middle ear dis- 
ease, for example, in an infant with ex- 
ternal ear canal atresia. ; 


The BAER is also used in the detec- 
tion of acoustic neuromas. Selters? states 
that unilateral acoustic neuromas will 
usually cause a BAER interear latency 
difference of more than 0.4 msec. (83 dB 
HL clicks), He found that his method 
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had a 12% false positive rate. Of our 19 
subjects with a neurosensory hearing 
loss (Table 2), only 2 (10.5%) had an 
interear latency difference greater than 
0.40 msec (80 dB HL clicks). 


.. & possible explanation for these false 
:posjtive results is the presence of a uni- 
lateral nonrecruiting hearing loss. An 
acoustic neuroma usually causes this 
type of hearing loss, but there are many 
other etiologies (ie, conductive hearing 

*losses). For this reason, patients with a 
. “conductive hearing loss cannot be eval- 
uated for acoustic neuromas using this 
criterion. Also, the authors feel that 
gous with severe unilateral high- 
frequency hearing loss, with complete 
‘dropout of several frequencies, should 
not be tested in the involved ear be- 
cause the waveforms produced are very 
poor or absent. 


Another application of the BAER is 
the detection of a second occult lesion 
for the diagnosis of MS. One of the cri- 
teria for the diagnosis of such a lesion is 
a normal wave V latency with a de- 
creased wave amplitude.^? Stockard et 
al feel that a reduction in amplitude 
alone is not as significant as prolonga- 
tion of. wave latency.” We agree, be- 
cause.at high decibel stimulation the 
sole abnormality in both conductive and 
neurosensory hearing losses may be an 
abnormal amplitude and the results may 
be mistakenly interpreted as sugges- 
tive of MS (Fig. 5). 


More research is needed to determine 
if the BAER can effectively differentiate 
central versus peripheral etiologies of 
hearing losses shown on an audiogram. 
Until this research is done, we feel that 
whenever an abnormal BAER is elicited 

- an audiogram, if possible, should be ob- 
tained. 


The major drawback of the click-elic- 
ited BAER described in this paper is its 
lack of frequency specificity. The click 
stimulates a band of frequencies and the 
evoked response is generated from a 
large area of the cochlea. When restrict- 
ed areas are stimulated, the responses 
have lower amplitudes and the waves 
produced are poor or absent. However, 
specific areas of the cochlea, both bas- 
ilar and apical, can be evaluated with 
the use of derived potentials? and 
theoretically tested by presenting a tone 
pip with the appropriate rise-fall times.?° 
The frequency following response also 
has great potential in obtaining tone- 
specific information. 1221-23 


The major drawback with the BAER 
is machine time and cost. To test air and 
bone conduction using clicks, requires 
approximately two hours for one subject. 
To reconstruct an entire audiogram by 
testing several frequencies would theor- 
etically require a great deal of time and 
the cost would be astronomical. 


CONCLUSION 


The BAER is a clinically useful tool 
for the objective measurement of both 
organic and nonorganic hearing loss. 
This technique is not affected by such 
subject variables as attention or many 
forms of sedation, which plaque cortical 
evoked response audiometry. Unlike 
electrocochleography, it is totally non- 
invasive. Disadvantages of the BAER 
are twofold. First, the recording of tone- 
specific information is still in the re- 
search stage; second, a great deal of ma- 
chine time is often required to evaluate 
fully a subject. The authors of this paper 
believe that the BAER shows great 
promise and that further research will 
develop the BAER technique into one of 
the major tools of the otolaryngologist. 
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BRAIN STEM AUDITORY EVOKED RESPONSE 


III. CLINICAL USES OF BONE CONDUCTION IN THE EVALUATION OF 
OTOLOGIC DISEASE 


as Kevin T. KavaNAcH, MD 
Iowa Crrv, Iowa 
James V. BEAnpsrEy, PhD 


La CROSSE, WISCONSIN 


' Brain’ stem auditory evoked responses (BAER) elicited by bone-conducted click stimuli 
were:studied in 37 subjects. This technique was plagued with problems such as: low amplitude, 
poor wave: configuration, and calibration difficulties. The authors found the technique of lim- 
ited value in differentiating conductive from neurosensory hearing disorders in all but severely 
affected. subjects. It can, however, evaluate cochlear function in the presence of a known severe 
conductive hearing loss, ie, external ear atresia. If an abnormal bone-conducted BAER is ob- 
tained: the etiology of this abnormality (cochlear vs. retrocochlear) cannot be ascertained be- 
-ause a wave I is rarely elicited in individuals with neurosensory hearing disorders. In subjects 
with a severe conductive hearing loss, air-conduction elicited markedly prolonged wave V la- 
tenciesi Such a marked prolongation was not observed in individuals with peripheral neurosen- 
sory loss and when present signified that a subject had a major conductive component to his 
hearing disorder. The authors also believe that all control subjects should be established as nor- 
mal with an audiogram and not by an otologic history or auditory (subjective) click thresholds. 

INTRODUCTION quency were tested. Ten patients with a pe- 

: . ripheral neurosensory hearing loss and ten pa- 

The brain stem auditory evoked re- tients with a conductive loss were also evalu- 
sponse (BAER) is a technique which is — ated with an audiogram. Subjects with a neuro- 


useful in the detection of cochlear, retro- sensory hearing disorder had a pure loss, Eight 
? of the ten conductive subjects had a pure loss, 


` cochlear, and functional hearing losses." Two subjects who had a severe conductive 
This technique, unlike electroencephal- Joss (50-60 dB) also had a minor high-fre- 
ography, is resistent to subject variables quency neurosensory loss (15-20 dB) and 


such as attention and sedation, and is Were included in the conductive group. Fur- 
: : : ther overlap of these two subject groups is 


1 1 12 á . 
noninvasive. possible because frequencies between 4000 and 


; " ^ti raphy 8000 Hz contribute to the production of the 
h vi ap onis dE BAER and the type of hearing loss in these 
as been evaluate y J frequencies cannot be determined? (mastoid 


These authors have found this technique oscillators are not calibrated for frequencies 
to be of distinct but limited value and above 4000 Hz). One seven-week-old child 
fraught with problems of acoustic con- with atresia of the right ear canal and an adult 


; à with a severe asymmetric neurosensory hear- 
trol and artifact. This paper evaluates ing loss were also evaluated to demonstrate 


the clinical applications of the BAER the clinical utility of this technique. 
elicited by bone conduction, along with Subjects were tested with 0.1 msec clicks 
data from normal and abnormal subjects. with an instantaneous rise-fall time. The stim- 
uli alternated between positive and negative 
METHODS AND MATERIALS and were presented at a rate of 31/sec. Wave 
E: . y . V's amplitude was recorded along with the 
‘The equipment _used in this study was a latencies of waves I, III, IV, and V whenever 
Nicolet CA-1000 signal averager, a. click gen- these waves were elicited. Bone conduction 
erator, a Nicolet HGA-1000 amplifier modi- was evaluated using a mastoid oscillator over 
. fied by the company to reduce artifact, a ra- — the patient's test ear and 60 dB of white noise 
-dioear mastoid oscillator, and an earphone mas ing presented to the patient's nontest ear. 
bri xd berg m noise used tor gere The patient was presented 95 dB HL click 

was delivered to the nontest ear. The record- ; : ` 
: stimuli (3000 presentations per trial) by the 
ing band used was 150 to 3000 Hz. mastoid oscillator; stimuli were decreased in 


Fifteen audiometrically proven normal sub- increments of 10 dB until no waves were ob- 
jects with no more than a 5 dB loss in any fre- tained. These subjects were also tested with 
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Fig. l. Latency and amplitude of wave V, in 15 control subjects, elicited by bone- 


conducted clicks at various 
are + 2 SD; 





— — wave latency; 


air-conducted stimuli. The methods for air 
conduction are discussed by Kavanagh and 
Beardsley.” 


Auditory thresholds for both air- and bone- 
conducted click stimuli were determined by 
having the subject indicate the lowest decibel 
level at which he first heard the clicks. All 
decibel levels mentioned in this paper refer 
to the decibel setting on the did generator 
and not to the energy output of the earphone 
or mastoid oscillator. 


All subjects were seated in a reclining chair 
to reduce muscle artifact and all had an oto- 
logic exam prior to the test. No subject had a 
history of neurological disease. 


RESULTS 


The 15 normal subjects had a mean 
auditory threshold for air-conducted 
stimuli of 8.33 dB and for bone-con- 
ducted stimuli of 43.33 dB. The differ- 
ence in these values illustrates that the 
decibel levels, produced by click gen- 
erators, are only relative to one another 
and do not refer to any standard. Each 
laboratory should biologically standard- 
ize its equipment so interlaboratory 
comparison of normative data can be 
performed. In no subject tested was the 
auditory threshold higher than the 
BAER threshold. 


ecibel levels. ( Middle line is the mean; the two outer lines 


wave amplitude. ) 


Data for the air-conducted BAER in 
normal and abnormal subjects is. pre- 
sented in Kavanagh and Beardsley.'? . 
When tested with 80 dB air-conducted 
stimuli, no subject with a neurosensory 
hearing loss had a wave V latency great- 
er than 6.5 msec. However, five of the 
ten subjects with a conductive hearing 
loss had a wave V latency between 6.5 
and 8.0 msec when evaluated at this 
level. : 


TABLE 1. WAVE V THRESHOLDS FOR : 
NORMAL SUBJECTS AND INDIVIDUALS 
WITH CONDUCTIVE OR 
NEUROSENSORY HEARING LOSS. BONE- 
CONDUCTED CLICKS, 31/SEC 
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creased threshold (Fig. 2) which to- 
gether demonstrate. the expected con- 
ductive component in this infants se- 
vere hearing loss. The bone-conducted 
BAER for. this infant's right ear (MS-R) 
is shown in Figure 3; both latency and 
threshold were normal. 


To control for the possibility that the 
nontest ear was eliciting the BAER in 
subject MS, a patient (GS) with a se- 
vere asymmetric neurosensory hearing 
loss was tested. As ‘shown in Figure 5, 
.Sübiect GS produced ‘a bone-conducted 
a threshold of 75 dB from 


«.,eàr. was tested and her contralateral ear 
Was masked, no response was produced. 


When the contralateral ear was not 
masked, only a very faint BAER was 


< elicited (Fig. 5), Subject MS also had 


‘a positive wave I recorded in the bone- 
conducted BAER from her right ear, If 
the observed waves were produced from 


the contralateral ear, a positive wave I 
would not be expected.’ The authors 
feel that the above is good evidence of 
cochlear function in the infant's atretic 
ear. 

CONCLUSION 


The authors found the value of the 
BAER elicited by bone-conducted stim- 
uli to be limited by the poor configura- 
tion and amplitude of the elicited re- 
sponses. Only severe neurosensory and 
conductive losses, those with an air- 
conducted BAER threshold of 50 dB or 
greater, could be reliably differentiated 
by bone-conducted stimuli; and clinical 
application was limited to assessing 
cochlear function in the presence of a 
known severe conductive hearing loss 
(ie, an infant with external ear atresia ). 


Further research into this technique 
should be directed toward the develop- 
ment of equipment which can produce 
a more refined bone-conducted BAER 
response. 
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CONGENITAL ANOMALIES OF THE INNER EAR 
INTRODUCING A NEW CLASSIFICATION OF LABYRINTHINE ANOMALIES 


Susumu Sukumo, MD 


Isamu Sanno, MD, DMS 


PrrrsBURGH, PENNSYLVANIA 


In a literature review of 108 articles a special effort was made to find and classify inner 
ear anomalies and diseases associated with inner ear anomalies. This study showed the following. 
Most of the diseases associated with inner ear anomalies are also associated with anomalies in 
other parts of the body. Hereditary characteristics comprise the most common etiological fac- 
tor among the diseases associated with inner ear anomalies. Among anomalies observed in the 
cochlea, the vestibule, and the semicircular canals, anomalies in the cochlea are most frequently 
associated with various diseases and were observed in 30 of 43 diseases. Anomalies of the ves- 
tibule were observed in 25 diseases, and those of the semicircular canals in 18 diseases. Ano- 
malies in both the osseous and the membranous labyrinth were most frequently associated with 
the diseases studied, as they were observed to occur with 10 of the 43 diseases. In this paper 
a new classification system for labyrinthine anomalies is introduced, based on this study of the 


literature. 


(HL) - Hearing loss detected or supposed to 
be concomitant with the disease. 


(D) - Dominant hereditary diseases reported. 


(R) - Recessive hereditary diseases reported. 


INTRODUCTION 


Congenital anomalies of the inner 
ear in comparison with anomalies of the 
external and middle ear present a strik- 
ing clinical problem for diagnosis and/ 
or treatment, because the inner ear mal- 
formations can neither be observed di- 
rectly nor explored surgically. For these 
reasons a clinician is only able to diag- 
nose those anomalies either by radio- 
logical examination or by referring to re- 
ports of similar symptoms in the rele- 
vant literature. 


To date, no extensive reports have re- 
viewed and classified anomalies of the 
inner ear with reference to the diseases 
and anatomical structures to which the 
anomalies are related. Also, even though 
Ormerod! and Schuknecht? classified 
the labyrinthine anomalies associated 
with deafness, no classification of laby- 


(E) - Anomalies observed in the external ear. 
(M) - Anomalies observed in the middle ear. 
(I) - Anomalies observed in the inner ear. 


(O) - Anomalies observed in other parts of 
the body. 


rinthine anomalies in general has been 
reported. 


The purpose of this paper is to report 
on congenital anomalies of the inner ear 
and their associated diseases, so that 
clinicians, especially otologists, pediatri- 
cians, and radiologists, can better diag- 
nose these anomalies. In addition, a new 
classification system for congenital 
anomalies of the labyrinth is proposed. 


METHODS AND MATERIALS 


We reviewed 108 articles from the current 
and classic literature on congenital inner ear 
anomalies. Where diseases were found to be 
associated with inner ear anomalies they were 
reported and classified by their etiologies. The 
anomalies were reviewed in detail and clas- 
sified by their related anatomical structures. 
On the basis of this extensive review a new 
classification of congenital anomalies of the 
labyrinth by the anatomical structures involved 
is proposed. 


From the Department of Otolaryngology and Pathology, University of Pittsburgh School 
of Medicine, Eye and Ear Hospital of Pittsburgh, Pittsburgh, Pennsylvania. This study was sup- 


ported by NIH Grant 5-R01-NS13787. 
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TABLE 1. DISEASES WITH INNER EAR ANOMALIES LISTED BY THEIR 
PATHOLOCICAL DEFECTS AND TRADITIONAL NAMES 











Clas- 
sification® Pathology Traditional Name 
(9) Trisomy 13-15 syndrome Patau syndrome 
(10) Trisomy 18 syndrome Edward syndrome 
(11) Trisomy 21 syndrome Down syndrome 
(13) Acrocephalosyndactyly Apert syndrome 
(15) Arachnodactyly Marfan syndrome 
(17) Brevicollis Klippel-Feil syndrome 
(18) Cardioauditory syndrome Jervell and Lange-Nielsen 
syndrome - 
(19) Cervicooculoacoustic syndrome Wildervanck syndrome 
(20) Cleft palate, micrognathia, and glossoptosis Pierre-Robin syndrome. 
(21) Congenital facial diplegia Moebius syndrome > — 
(22) Craniofacial dysostosis Crouzon disease . E 
(23) Craniometaphyseal dysplasia Pyle disease f p? 
(24) Gargoylism Hurler syndrome |. . “4 3 
(25) Goiter and profound sensorineural deafness Pendred syndrome: «t 
(26) Hereditary hemorrhagic telangiectasia Rendu-Osler-Weber disease 
(29) Interoculoiridodermato auditive dysplasia Waarderburg syndrome 
(30) Mandibulofacial dysostosis Treacher-Collins syndrome 
(31) Nephritis and sensorineural hearing loss Alport syndrome 
(32) Osteitis deformans Paget disease -> > 
(34) Osteopetrosis _ Albers-Schonberg diseases 
(37) Retinitis pigmentosa and congenital sensori- Usher syndrome | : 
neural hearing loss £ 
(38) Third and fourth pharyngeal pouch syndrome DiGeorge syndromè 


*The numbers in parentheses indicate the disease as it is listed in the classification system 


in the first section of this paper. 


LITERATURE REVIEW 


Following is an outline of what we 
found during a review of current and 
classic reports on inner ear anomalies. 
First we discuss diseases associated with 
inner ear anomalies and then we discuss 
the anomalies with respect to anatomical 
structures involved. 


I. Diseases with Congenital Inner Ear 
Anomalies? 


Forty-three diseases were found to be 
associated with numerous kinds of inner 
ear anomalies. Those diseases, classified 
by their etiologies into five major di- 
visions, are 


A. Diseases with unknown etiologies, 

B. Diseases with hereditary character- 
istics, 

C. Diseases associated with prenatal 
infections, 


D. Diseases associated with iatrogenic 
ototoxicities, and 


E: Diseases -associated with environ- 
mental factors. Each will be dis- 
cussed in turn. 


The inner ear anomalies observed in 
each type of disease are reported in the 
following outline. Table 1 lists some of 
those diseases with both the pathological 
defects name and the traditional name 
for the reader's better understanding. 


A. DISEASES WITH UNKNOWN 
ETIOLOGIES 


1. Without Associated Anomalies 


(1)** Congenital Absence of Round 
Window (HL) (1)*+ 


Cochlea—absence of round window. 


*Some diseases have more than one etiological factor or more than one mode of hereditary 
transmission. Only one representative description is selected for each disease. 


**The numbers in parentheses are the numbers of the diseases as we have designated them 


throughout the paper. 


jItalic numbers denote a reference which contains a temporal bone histopathology report, 


1 


2. 


(2) | Amold-Chiari 
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With Other Associated Anomalies 


| (LO) Malformation 
HL) (LO)^ 


Cochlea—absence of modiolus; ab- 
.sence of osseous spiral lamina; 
scala communis between middle 
. and basal turns; absence of coch- 
lear aqueduct; absence of ductus 
reuniens. 


Vestibule—broad communication be- 


tween utricle and saccule; short 
: utriculoendolymphatic valve; 

narrow endolymphatic duct and 
. .sac; short endolymphatic duct; 
-Wide and short endolymphatic 
z: Sac. 


Semicircular Canal—wide membra- 
nous superior canal; wide mem- 
branous posterior canal; absence 
of most of posterior canal; ab- 
sence of crus commune; crista 
neglecta; absence of lateral can- 
al; short and wide membranous 
lateral canal. 


(3y - Congenital 
, (HL) (MILO)* 


Cochlea—shortened cochlea. 


Cholesteatomata 


Vestibule—wide endolymphatic sac. 


Semicircular Canal — narrowing of 
osseous superior canal; narrowing 
of nonampullated end of osseous 
superior canal; absence of most 
of posterior canal; absence of 
most of lateral canal. 


4) Congenital Deafness, Spiny Hy- 
g 
perkeratosis, and Universal Alo- 
pecia (HL) (LO)* 


Cochlea—tectorial membrane rolled 
up with a single layer of epithe- 
lium. 


Vestibule—fibrous tissue envelope 
containing otolithic membrane. 


(5) Congenital Heart Disease" (HL) 
(M,LO)”4 


Cochlea — absence of apical and 
middle turns; absence of helico- 
trema; thickened trabecular bone 
in the cribriform area of the low- 
er basal turn and the hook; scala 





communis between middle and 
basal turns; shortened cochlea. 


Vestibule—absence of oval window; 
underdeveloped  utricular ma- 
cula. 


Semicircular Canal—absence of all 
osseous canals; deformed posteri- 
or canal; outpouching of lateral 
canal. 


(6) Conjoined Twin (HL) (E,M,, 
O)? 


Inner Ear—absence of inner ear. 
Vestibule—absence of oval window. 


Internal Auditory Meatus—under- 
developed internal auditory me- 
atus. 


(7) Deleted Chromosome D Syn- 
drome (HL) (E,M,I,O)”” 


Cochlea—hypoplastic cochlear aq- 
ueduct. 


(8) Microstomia, Aglossia, Agnathia, 
and Synotia (E,M,I,O)" 


Cochlea—wide cochlear aqueduct. 


Semicircular Canal—wide osseous 
lateral canal. 


Vessel — vessel crossing perilym- 
phatic space of pars inferior. 


(9) Trisomy 13-15 Syndrome (HL 
yn 
(E,M,LO )1012,.12,15,15,15,17,15 


Cochlea—absence of hook portion; 
absence of apical and middle 
turns; rudimentary and deformed 
cochlea; shortened cochlea; an- 
teriorly situated cochlea; mal- 
formed scala vestibuli; underde- 
veloped modiolus; absence of 
Rosenthal canal in lower basal 
turn; absence of lumen of osseous 
spiral lamina in lower basal turn; 
scala communis between apical 
and middle turns; scala communis 
between middle and basal turns; 
wide cochlear aqueduct; tector- 
ial membrane rolled up and cov- 
ered by single epithelial layer. 


Vestibule-anomalous utricle with 
septum in macula; broad com- 
munication between utricle and 


. *Any major congenital heart defect may be associated with inner ear anomalies. 
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' Semicircular Canal-hypoplasia of 
semicircular canals; hypoplasia of 
lateral semicircular canal. 


Internal Auditory Meatus—hypo- 
plasia of internal auditory me- 
atus. 

(17).Brevicolis (HL) (R,E,M,LO) 


31, 4,53,94,95,36 


Inner Ear — vestigial inner ear. 


Cochlea—absence of apical and 
middle turns; underdevelopment 
of modiolus; absence of osseous 
spiral lamina. 


Nestibule—dysplasia of vestibule; 
underdevelopment of osseous 
vestibule; absence of utricle; ab- 
„sence of saccule. 


Semicircular Canal—absence of all 
canals; underdevelopment of ca- 
nals; absence of superior canal; 
absence of lateral canal; out- 
pouching of lateral canal; wide 
lateral canal. : 


Internal Auditory Meatus—more su- 

.. perior position of internal audi- 
tory meatus; narrow internal au- 
ditory meatus; wide internal audi- 
tory meatus. 


Nerve—absence of  statoacoustic 
nerve. ` 
(18) Cardio-Auditory Syndrome 


(HL) (RIO) 


Cochlea—abserice of organ of Corti; 
atrophy of stria vascularis; adher- 
ence of Reissner membrane to 
basilar membrane. 


(19) Cervico-Oculoacoustic Dysplasia 
"X (BHL). (D;E,M;LO) 9290 


Cochlea — underdevelopment of 
cochlea; narrow scala tympani; 
underdevelopment of modiolus; 
rudimentary organ of Corti. 


Vestibule—large vestibule; rudi- 
mentary utricle; rudimentary sac- 
cule; underdevelopment of en- 
dolymphatic sac. 


Semicircular Canal—underdevelop- 
ment of all canals; rudimentary 
cristae of all canals. 


Nerve—spiral ganglion cells present 
in scala tympani of basal turn. 


(20) Cleft Palate, Micrognathia, and 
Glossoptosis (HL) (D,E,M,LO)'” 


19,41 


Cochlea—underdeveloped modiolus; 
scala communis between apical 
and middle turns. 


communication 
commune and 


Vestibule—narrow 
between crus 
utricle. 


Semicircular Canal-superiorly lo- 
cated posterior canal; superiorly 
located crus commune; narrow 
membranous posterior canal; 
wide osseous lateral canal; flat 
membranous lateral canal. 


Internal Auditory Meatus—small, 
high internal auditory meatus. 
(21) Congenital Facial Diplegia 

(HL) (D,E,M,LO)**** 


Cochlea—absence of round window. 


Vestibule—large vestibule; absence 
of oval window. 


Semicircular Canal-large semicir- 
cular canals. 


22 Craniofacial Dysostosis ( HL ) 
( D,E,M,LO jes 


Otic Capsule—underdeveloped peri- 
osteal layer of labyrinth; reduced 
periosteal layer of petrous bone. 


(23) Craniometaphyseal Dysplasia 
(HL) (D,MiLO)^ 


Internal Auditory Meatus—narrow 
internal auditory meatus. 


(24) Gargoylism (HL) (R,E,M,LO)* 


Otic Capsule—fibrous resorption 
focus in enchondral and perios- 
teal layers. 


(25) Goiter and Profound Sensori- 
neural Hearing Loss (HL) (E,LO) 


46,47 


Cochlea — underdevelopment of 
cochlea; underdeveloped modio- 
lus. 


Vestibule—large vestibule; short and 
wide vestibular aqueduct; short- 
ened endolymphatic duct; under- 
developed endolymphatic sac; 
wide endolymphatic sac. 
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saccule; underdevelopment of 
saccular macula; absence of utric- 
uloendolymphatic valve; short- 
ened endolymphatic valve; short- 
ened endolymphatic duct. 


Semicircular Canal—absence of lat- 
eral limb of superior canal; nar- 
row osseous superior canal; par- 
tial absence of membranous su- 
perior canal; absence of superior 
canal crista; outpouching of pos- 
terior canal; narrow osseous pos- 
terior canal; flat and macula-like 
crista of posterior canal; small 
osseous lateral canal with large 
communication to vestibule; wide 
osseous lateral canal; flat and 
macula-like crista of lateral 
canal. 


Internal Auditory Meatus—shallow 
internal auditory meatus; wide in- 
ternal auditory meatus. 


Nerve—spiral ganglion cells in fun- 
dus of internal auditory meatus; 
singular nerve from posterior 
fossa to singular canal. 


Vessel — vessel crossing perilym- 
phatic space in all turns of coch- 
lea. 


(10) Trisomy 18 Syndrome (HL) 
( E,M,EO ) 13:14:15,19,20,21 


Cochlea—absence of apical turn; 
deformity of cochlea; scala com- 
munis between apical and middle 
turns; wide cochlear aqueduct; 
absence of cochlear duct; under- 
developed stria vascularis. 


Vestibule—absence of utriculoen- 
dolymphatic valve; wide utric- 
ular and saccular endolymphatic 
ducts. 


Semicireular Canal-absence of 
lateral limb of superior canal; ab- 
sence of part of membranous 
superior canal; absence of crista 
of superior canal; absence of part 
of membranous posterior canal; 
absence of lateral canal; absence 
of part of membranous lateral 
canal; flat and macula-like crista 
of lateral canal. 


Nerve—double singular nerve. 


(11) Trisomy 21 Syndrome (HL) 
(E,M,LO)!*27 


Cochlea—shortened cochlea. 


Vestibule—large vestibule; small 
utricular | macula; absence of 
utriculoendolymphatic valve; un- 
derdeveloped posterior canal; en- 
larged ampulla’ of posterior can- 
al; outpouching of lateral canal; 
wide osseous lateral canal. » 


Internal Auditory Meatus—superior- 
ly displaced meatus. — ^ 


B. DISEASES WITH HEREDITARY 
CHARACTERISTICS 


(12) Achondroplasia (HL) (D,M,I, 
O)? 


Cochlea—deformed cochlea. | = 


Otis Capsule—thickened enchondral 
and periosteal bone. 


(13) Acrocephalosyndactyly (HL) 
(D,E,M,LO )?*#4 


Subarcuate Fossa—large subarcuate 

fossa connecting to. middle fossa. 

(14) Anencephaly (HL) (R,E,M,I, 
O i 


)15,25,26,87 : 


Cochlea—absence of apical and 
middle turns; underdeveloped 
modiolus; absence of osseous 
spiral lamina; scala communis be- 
tween middle and basal turns; 
wide cochlear aqueduct. 


Vestibule—large vestibule; oval win- 
dow replaced by small fissure 
filled with connective tissue; 
large vestibular aqueduct. 


Semicircular Canal-communicatiori 
between posterior and lateral 
semicircular canals, i 


Internal Auditory. Meatus—wide in- 
ternal auditory meatus. 


Nerve—facial nerve traveling in sep- 
arate canal. 


(15) Arachnodactyly (HL) (D,E,M, 
LO)* 


Vestibule-bony lip protruding 
from external aperture of vestib- 
ular aqueduct. 


(16) Atresia Auris Congenita (HL) 
(D,E,M,I,O )25;2o ! 


Cochlea—hypoplasia of cochlea. 


Vestibule—hypoplasia of. vestibule. 
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Semicircular Canal-large semicir- 
cular canal system. 


(26) Hereditary Hemorrhagic Telan- 
giectasia (HL) (D,LO)^ 


Vestibule—hypoplasia of vestibular 
aqueduct; underdeveloped endo- 
lymphatic sac. 


‘ie (HL) (R,E,M,I, 
Cochlea—atrophy of organ of Corti. 

(28) Hypophosphatasia (R,M,LO)*? 
Cochlea—calcified spiral ligament. 
Otic Capsule—osteoid capsule. 


(29) Interoculoiridodermatoauditary 
Dysplasia (HL) (D,LO)*: 
Cochlea—absence of organ of Corti. 


(30) Mandibulofacial Dysostosis (H 
L) (D,E,M,LO)*, 


Cochlea—shortened cochlea, wide 
cochlear aqueduct. 


Vestibule—large utricle. 

Semicircular Canal—absence of lat- 
eral canal. 

Nerve—branching of vestibular 
nerve to lateral canal crista. 


(31) Nephritis and Sensorineural 
Hearing Loss (HL) (D,I,O)** 
Cochlea—scala communis between 

apical and middle turns. 


Vestibule—short 
phatic valve. 


(32) Osteitis Deformans (HL) (D,E, 
MjLO) 5557 


Vestibule—calcified annular liga- 
ment; short utriculoendolymphat- 
ic valve. 


utriculoendolym- 


Otic Capsule—replacement of nor- 
mal bone by poorly mineralized, 
pagetic, osteoid bone. 


(33) Osteogenesis Imperfecta (HL) 
(D, MjLO ):055,59,00,01 


Otic Capsule—specific defect in col- 
lagen synthesis in bony matrix. 


(34) Osteopetrosis (HL) (R,M,LO) 


163,64 


Otic Capsule—overgrowth and scle- 


rosis of bone with resultant 
marked thickening of the bony 
cortex and narrowing of the mar- 
row cavity. 


(35) Otosclerosis (HL) (D,M,I)**** 


Cochlea—partial absence of spiral 
ligament. . S a 


Vestibule — hypoplastic Vestibular 
aqueduct. ae ie 


Otic Capsule—normal lamella re- 
laced by network: of. newly 
Bue: weblike bone resembling 
cartilage. $ 


(36) Preauricular Pit, Branchial Fis- 
tula, and Hearing Loss (HL) (D,E, 
M,1L,0)? . a i 


Cochlea—broad -base of modiolus, 
deformed stria vascularis. 


Vestibule — deformed vestibule; 
large vestibular aqueduct; mis- 
shapen utricular macula; large 
vestibular aqueduct; deformed 
utricular macula; large endolym- 
phatic duct; wide endolymphatic 
sac. * 


Semicircular Canal—wide noham- 
pullated end of superior semicir- 
cular canal; absence of crus com- 
mune; underdeveloped posterior 
canal; undeveloped lateral canal. 


(37) Retinitis Pigmentosa and Con- 
genital Sensorineural Hearing Loss 
(HL) (R,LO)** 


Cochlea—hypoplasia of organ of 
Corti; hypoplasia of stria vascu- 
laris. 


(38) Third and Fourth Pharyngeal 
Pouch Syndrome (HL) (R,E,M,I, 
OQ )s9.7o " 


Cochlea—absence of apical and 
middle turns; absence of modio- 
lus in apical turn. ; 


Vestibule—absence of oval window. 


Semicircular Canal—absence of lat- 
eral canal. 


Nerve—hypoplasia of facial nerve; 
hypoplasia of statoacoustic nerve; 
cochlear nerve running from re- 
gion of endolymphatic duct to in- 
ternal auditory meatus. 


^ 
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Fig. 1. Case of multiple congenital anomalies.” Left ear. Cochlea showing presence 
of basal and lower middle turns only. (H&E X27) 


C. DISEASES ASSOCIATED WITH 
PRENATAL INFECTIONS 


(39) Congenital Rubella Syndrome 
x (HL) (MIQ) 27s 


Cochlea—tectorial membrane rolled 
up with single layer of epithe- 
lium. 

Vestibule—adhesion of saccular 
wall to otolithic membrane. 

Vessel—vessel crossing scala tym- 
pani of basal turn, 

(40) Congenital Syphilis (HL) (M, 

L0)” 

Otic ` Capsule — syphilitic osteitis 
and/or osteomyelitis in otic cap- 
sule. 


D. DISEASES ASSOCIATED WITH 
IATROGENIC OTOTOXICITIES 


(41) Chloroquine Ototoxicity (HL) 


^P (LO ) 75,76 


Cochlea—atrophy of organ of Corti. 


, (42) Thalidomide Ototoxicity (HL) 


(E,M,LO 88, 01,78,79 


Inner Ear—absence of inner ear; ru- 
dimentary inner ear. 


Vestibule—thin, membranous oval 
window. 


Semicircular Canal—cystic deformi- 
ty with shape of superior canal. 


Internal Auditory Meatus—absence 
of internal auditory meatus; nar- 
row internal auditory meatus. 


Nerve—absence of facial nerve; ab- 
sence of statoacoustic nerve. 


E. DISEASES ASSOCIATED WITH 
ENVIRONMENTAL FACTORS 


(43) Endemic Cretinism (HL) (M, 
LO) 8 


Otic Capsule—thickened periosteal 
layer. 


II. Anomalies Observed in the Inner Ear 
Anatomical Structures 


To date 171 inner ear anomalies have 
been reported. These anomalies are clas- 
sified according to the anatomical struc- 
tures of the inner ear which are affect- 
ed. 


LABYRINTHINE ANOMALIES : , 9 





Fig. 2. Case of trisomy 13 syndrome." Left ear. Widely open cochlear aqueduct, 


500x in mode at the narrowest portion (arrow ). 


A. Anomalies of Inner Ear (6)*, (17), 
(42) 
(A) Anomalies dm, Labyrinth (in 
general) (6), ( (42) 


a. Absence of ioi M 


b. Underdevelopment of laby- 
rinth?? 34:78 


B. Anomalies of Cochlea (1)-(5), ( 
(19), (14), (16)-(21), (25); (2 
(31), (35)-(39), (41). 

(A) re of cochlea (in gen- 
eral) ), (9), (10), (14), (16), 
(17), “C9, (25), (38) 


a. Absence of: 


1 )? 15,19,25,26,32,35,36,69,82,83,S4,85, 


86,87 


ii. apical turn!9:39.46,55,9» 
iii. hook portion'* 


b. Underdevelopment of cochlea 
30,385,39,47,88 


c. Displacement of cochlea anteri- 
orly ^: 


(H&E X14) 


d Anomalies of osseous cochlea 
(1), (2), (5), (7)-(10), (12), 
(14), (17), (19) (31), (25), 
(30), (31), (38). (38). 


l. Anomalies of osseous cochlea 
(in general) (9), (10), (12) 


a. Anomalies other than ab- 
sence, underdevelopment, 
and displacement: 


i. deformity of cochlea?:15.15.5» 


Anomalies of round. window 


~ (1), (21) 


Absence of round window’ 


33,90 


b. Displacement of round win- 
dow"! ; 


c. Other anomalies; 


i. round window partitioned 
by bony bar?? 9: 


3. Anomalies of scala tympani 
(19) ru 


a. Undeveloped NE» scalit 


tympani’? M 


*Numbers in parentheses refer to the diseases listed in section I. 
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34, Anomalies of scala vestibuli 
(5), (9) - 
.a. Absence of helicotrema???:9: 


b.' Underdeveloped (wide) 
scala vestibuli*? 


c. Other anomalies: 


i, malformed scala vestibuli'* 


QU iz 


. Anomalies: of modiolus (2), 
(5), (9), (10), (14), (IT), 
ur (20), (25), (31), (36), 


(Analis of modiolus - in 
. general) (2), (5), (9), (14), 
at (19), (20), (25), (36), 


a. Absence of: 
i. total modiolus+6-36,39,82,94 


ii, modiolus in apical and 
middle turns?5.52:2,95 


ii. modiolus in apical turn 
65,70 


b. Underdevelopment of modi- 
olus!2:14.15,18,25,96,59,41,56,94,96 


c. Other anomalies: 


i. thickened trabecular bone 
at cribriform base of lower 
basal turn and hook por- 
tion? 


ii. broad base of modiolus 
39,67 


(Anomalies ‘of Rosenthal canal) 


a. Absence of Rosenthal canal 
in lower basal turn!’ 


b. Underdevelopment of Ros- 


enthal canal in upper turn: 
15,86 


(Anomalies of osseous spiral lam- 


ina) (2), (9), (14), (17) 
„ža. Absence of: 


i. osseous spiral lamina^/!**5. 
$6,92,93,97 


b. Underdeveloped (short) os- 
seous spiral lamina in apical 
and middle turns?? 


c. Displacement of osseous spir- 


al lamina superiorly in basal 
turn? 


d. Other anomalies: 


i. absence of lumen between 
osseous spiral lamina in 
lower basal turn'* 


( Anomalies of interscalar septum) 
(2), (5), (9), (10), (14), 
(20), (31) 


a. Absence of: 


i. interscalar septum (scala 
communis) between apical 


and middle turns/^/?/07.!* 
85,39,41,92,98,95,97,98,99 


i. interscalar septum (scala 
communis) between mid- 


dle and basal turns 4715:25» 
26,95,86,87,92,98 


-Ó 
= 


6. Anomalies of cochlear aque- 
duct (2), (7)-(10), (14), 
(30) 


a. Absence of cochlear aque- 
ducts? 


b. Underdevelopment: 


i. hypoplastic cochlear aque- 
duct’? 


ii. wide cochlear aqueduct 


(Fig 9)1112,1515,16,.15,20,27, 
55,94 


(C) Anomalies of membranous 


cochlea (2)-(5), (9)-(11), (18), 
(19), (27)-(30), (35)-(37). 
(39), (41) 


1. Anomalies of cochlear duct (in 
general) (3), (5), (9)-(11), 
(30) 


a. Absence of cochlear duct?” 
100 


b. Underdevelopment: 


i. Underdeveloped cochlear 
duct'^? 


ii. Shortened cochlea®*!?:1% 
22,54,97 


2. Anomalies of organ of Corti 
Way (19), (27), (29), (37), 


a. Absence of organ of Corti!®: 
87,53 


LABYRINTHINE ANOMALIES ee LI 


b. Underdevelopment of organ 
of Corti!?/39,55,05,56 

c. Other anomalies: 
i. atrophy of organ of Corti 


15,49,76 
3. Anomalies of tectorial mem- 
brane (4), (9), (39) 


a. Underdevelopment of tec- 
torial membrane?’ 


b. Other anomalies: 


i. tectorial membrane rolled 
and covered by single epi- 
thelial layer*:15.17,71,75,57,101 

4. Anomalies of spiral limbus 


a. Absence of part of spiral lim- 
bus? 


5. Anomalies of stria vascularis 
(10), (18), (36), (37) 


a. Absence of stria vascularis??^ 
86 


b. Underdevelopment of stria 
vascularis!*-0,59,57 


c. Displacement of stria vascu- 
laris medially*? 


d. Other anomalies: 


i. deformed stria vascularis 
67,95 


ii. atrophy of stria vascularis 
37,102 


6. Anomalies of spiral ligament 
(28), (35) 


a. Absence of spiral ligament 
in apical and middle turns?” 


b. Other anomalies: 


i. deformed spiral ligament 
in middle turn * 


ii. calcified spiral ligament’? 


7. Anomalies of Reissner mem- 
brane (18), (35) 


a. Absence of Reissner mem- 
branes*5? 


b. Displacement of Reissner 
membrane: 


i. directly attached to bony 
modiolar wall?” 


ii. adherent to upper portion 
of stria vascularis?? 


iii. adherent to basilar mem- 
brane?? ; 


8. Anomalies of basilar membrane 


a. Anomalies other than ab- 
sence, . underdevelopment, 
and displacement: 


i. long basilar membrane?**5 ~ 
9. Anomalies of ductus reuniens ;' 
2 ie 


“ 
* 


a. Absence of ductus reuniens! 
b. Other anomalies: 


i, large ductus reuniens” 


C. Anomalies of Vestibule (2)-(6), 


(9)-(11), (14)-(17), C) faa) 
(25), (26), (30)-(32), (33), (36), 
(38), (39), (42) 


(A) Anomalies of vestibule (in gen- 
eral) (16), (17) 


a. Underdevelopment of vesti- 
bule?^55.55 b 


(B) Anomalies of osseous vestibule 
(5), (6), (11), (14), (15), (17), 
(19), (21), (25), (26), (32), 
(35), (36), (38), (42) 


1. Anomalies of osseous vestibule 
(in general) (11), (14), (16), 
(17), (19), (21), (25), (36) 


a. Underdevelopment: 


i. underdeveloped vestibule’ 
30,32,85,36,85,86 


ii. small vestibule’? 


iii. large vestibule*?*5555555. 
$9,46,96,100 E 


b. Other anomalies: 
i. malformed vestibule?” 


2. Anomalies of oval window (5), 
(6), (14), (17), (21), (32), 
(38), (42) 


a. Absence of oval window ^ 
(Fig. 3 )7.9,33,70,90,10s "a 


b. Other anomalies: 


i. thin membranous window 
33 ee 


ii. calcified annular ligament 
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Fig. 3. Case of choanal atresia. Left ear. Oval window is absent (large arrow). 
C - Cochlea; FA - Fissula ante-fenestram; FN - Facial nerve; V - Vestibule. (H&E 
X21.5) 


` jii; malformed oval window?’ a. Absence of utricle?952:5594 

3. Anomalies of vestibular aque- b. Underdevelopment of utricle 
duct (14), (15), (25), (26), 39 
(35), (36) 


c. Other anomalies: 


a. Underdevelopment: . : " 

; : à i. large utricle*^55.5? 

i. hypoplastic vestibular aq- 
ueduct$?4645.104 ii. anomalous utricle with 


. 1 f Q18 
ii. large vestibular aqueduct septum in macula 


27,99,46,67,84 Tm a é 
PUMA iii. narrow communication 
between crus commune 


b. Displacement of vestibular Mee 
and utricle 


aqueduct upward to middle 


topea piate? (Anomalies of macula) (5), (11), 
c. Other anomalies: 36) 
i. bony lip protruding from a. Underdeveloped (small) 
external aperture of ves- macula!*:*55? 
tibular aqueduct^* b. Other anomalies: 
(C) Anomalies of membranous ves- i def d las? 
tibule (2)-(5), (9)-(11), (17), bU MOM cU: 
(19), (20), (25), (26), (30)- 2. Anomalies of saccule (2), (4), 
(32), (36), (39) (9), (17), (19), (39) 
1. Anomalies of utricle (2), (5), (Anomalies of saccule - in general) 
is (11). (17), (19), (20), (2), (17), (19), (39) 
vns ( ; ; a. Absence of saccule?952,?5.10? 
( Anomalies of utricle - in general) 
.(2), (9), (17), (19), (20), b. Underdevelopment of sac- 


(30) cule:?.e 
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Fig. 4. Case of trisomy 13 syndrome." Left ear. Presence of a shortened utriculo- 
endolymphatic valve (arrow) is demonstrated. S - Saccule; U - Utricle. (H&E X19) 


c. Other anomalies: 
i. large saccule*?**597.!" 


ii. adhesion of saccular wall 
to saccular macula/? 


( Anomalies of macula) (4), (9) 


a. Underdevelopment of ma- 
eula!sths 


b. Other anomalies: 
i. deformed macula**’4 


ii. deformed otolithic mem- 
brane’? 


iii. fibrous tissue envelope 
containing otolithic mem- 
brane? 


3. Anomalies of endolymphatic 
duct and sac (2), (3), (9)- 
(11), (19), (25), (26), (31), 
(32), (36) 


(Anomalies of utriculoendolum- 
phatic valve) (9)-(11), (31), 
(32) 


a. Absence of utriculoendo- 
lymphatic valve!^ r^? 


b. Underdeveloped (short) 
utriculoendolymphatic valve 
(Fig. 4) 12,15,18,22,89,57 


(Anomalies of utriculo- and sac- 
culoendolymphatic ducts) (2), 
(9), (10) 


a. Underdeveloped ducts re- 
sulting in broad communica- 
tion between utricule and 
saccule^!20,5$ E 


(Anomalies of endolymphatic 
duct) (2), (9), (10), (25), 
(36) 


a. Underdevelopment: 


i. narrow rudimentary en- 
dolymphatic duct* 


ii. shortened endolymphatic 
duct! ,10,18,35,39 


b. Other anomalies: 


i. wide endolymphatic duct 


20,21,46,67,82,86,95,99 


(Anomalies of endolymphatic sac) 


(2), (3), (19), (25), (26), 
(36) 


a. Underdevelopment: 


i. Underdeveloped endo- 


lymphatic sac***? 
ii. narrow rudimentary sac’ 
iii. short sac*^* 
b. Other anomalies: 
i. wide sac^5.39,45,67,56,95,99 


D. Anomalies of Semicircular Canal 
(2), (3), (5), (8)-(11), (14), 
(16), (17), (19)-(21), (25), (30), 
(36), (38), (42) 
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i. Otosclerosis*® 94:17? 
j. Syphilis” 
k. Endemic cretinism^? 


F. Anomalies of Internal Auditory 
Meatus (6), (9), (11), (14), (16), 
(17), (20), (23), (42) 


a. Absence of internal auditory 
meatus’? 


b. Underdevelopment of internal 
auditory meatus”*” 


c. Displacement of internal audi- 
tory meatus 


i. in more superior position??? 
Uo dl 


. ií. more inferior than normal"? 
d. Other anomalies: 


i. shallow interial auditory me- 
atus!^?5 


ii. wide internal auditory me- 
atus!2:25,25,65,87 


v7 iii, narrow internal auditory 
‘ meatus?2:41:79;106 


G. Anomalies of Nerve (9), (10), 
(14), (17), (19), (30), (38), (42) 


(A) Anomalies of facial nerve (14), 
(38), (42) 
a. Absence of facial nerve’* 


b. Underdevelopment of facial 
nerve??? 


c. Displacement of facial nerve 


i. traveling in separate canal?’ 
70,85 


ii. some fibers passing through 
spiral ligament?’ 


(B) Anomalies of  Statoacoustic 
Nerve (9), (10), (17), (19), 
(30), (38), (42) 


1. Anomalies of  statoacoustic 
nerve (in general) (17), (38), 
(42) 


a. Absence of 
nerve?^75,51,94 


statoacoustic 


b. Underdevelopment of stato- 
acoustic nerve?^? 


2. Anomalies of cochlear nerve 
(9), (19), (38) 


a. Absence of cochlear nerve*? 


b. Displacement (abnormal 


course ): 


i. running from region of en- 
dolymphatic duct to in- 
ternal auditory meatus’? 


ii. spiral ganglion cells in 
fundus of internal audi- 
tory meatus!^?? 


iii, spiral ganglion cells in 
scala tympani of basal 
turn?? 


3. Anomalies of vestibular nerve 
(9), (10), (30) 


a. Absence of vestibular nerve 
86,100 


b. Displacement (abnormal 
course): 


i. singular nerve from pos- 
terior fossa to singular ca- 
nal?” 


c. Other anomalies: 
i. double singular nerve?! 


ii. branching of nerve to lat- 
eral semicircular canal 
crista^^ 


H. Anomalies of Vessels (8), (9), 
(39) 


a. Displacement (abnormal 


course) of vessels 


i. vessel crossing perilym- 


phatic space of cochlea": 
17,71 


ii. vessel crossing perilym- 
phatic space of pars su- 
perior”! 


I. Anomalies of Subarcuate Fossa (13) 


a. Anomalies other than ab- 
sence, underdevelopment, 
and displacement: 


i. large subarcuate fossa to 
middle fossa dura? 
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NEW CLASSIFICATION OF 
LABYRINTHINE ANOMALIES BY THE 
STRUCTURES INVOVLED 


In reviewing the literature on labyrin- 
thine anomalies classified according to 
methods"? previously reported, the au- 
thors encountered difficulty in categoriz- 
ing some of the labyrinthine anomalies 
such as those in the membranous vestib- 
ular labyrinth. Therefore, we attempted 
to develop a new classification for these 
anomalies that could be understood eas- 
ily by persons at all levels of sophistica- 
tion who are interested in the ear. 


Traditionally, the literature has clas- 
sified labyrinthine anomalies in the fol- 
lowing manner. 


Mondini** (1917) described macro- 
scopic findings in the temporal bones of 
a boy who had suffered from congenital 
deaf-mutism. The pathological findings 
in the labyrinth included only 14 turns 
of the cochlea and a wide vestibular aq- 
ueduct. 


Michel (1863) reported complete 
absence of the labyrinth in the ear of an 
11-year-old boy. 


Scheibe! (1892) examined histo- 
logically the temporal bones of a 47- 
year-old male diagnosed as being a con- 
genital deaf-mute with pulmonary tu- 
berculosis. Pathological findings in the 
labyrinth included abnormal stria vas- 
cularis; abnormal attachments of Reiss- 
ner membrane; a rudimentary tectorial 
membrane; abnormal development of 
the otolithic membrane of the saccule; 
and atrophy of the cochlear nerve, sac- 
cular nerve, and posterior ampullar 
nerve. 


Alexander®? (1904) described micro- 
scopic findings in the temporal bones of 
a 35-year-old male who had been a deaf- 
mute since his early childhood. Patho- 
logical findings in the labyrinth on the 
left side included a partial defect of the 
modiolus and osseous spiral lamina in 
the apical and middle turns; scala com- 
munis between the apical and middle 
turns and also between the middle and 
basal turns; atrophy of the organ of 
Corti; atrophy and degeneration of the 
spiral ligament, stria vascularis, spiral 
limbus, and tectorial membrane; atrophy 
of utricular and saccular maculae; atro- 


phy of the ampullar cristae of the semi- 
circular canals; and atrophy (hypo- 
plasia) of the statoacoustic nerve and 
its ganglion. Pathological findings in the 
right ear were similar to those in the 
left ear with the addition of the absence 
of a helicotrema. 


Siebenmann and Bing? '(1907) re- 
ported histological temporal bone find- 
ings in a 69-year-old male who was 
diagnosed as a congenital deaf-mute 
with retinitis pigmentosa. Pathological 
findings observed in the labyrinth were 
hypoplasia of the organ of Corti and 
stria vascularis; and degeneration of the 
epithelia of the maculae and cristae. 


Alexander'* (1927). described the 
clinical appearance of a ‘12-year-old 
male with congenital hereditary sensori- 
neural deafness. He and his father had 
suffered from high-frequency hearing 
losses since childhood, whereas his moth- 
er and three younger sisters were ftee 
from hearing loss. Alexander proposed 
that a disturbance in the development 
of the organ of Corti and of other mem- 
branous structures in the cochlea, as well 
as of the cochlear nerve, caused the 
deafness. p 


Reviewing the findings in the above 
cases, Ormerod! (1960) classified the 
anomalies of the labyrinth associated 
with congenital deafness into four types: 


1. Michel Type (complete lack of de- 
velopment of the internal ear). 


2. Mondini-Alexander Type (develop- 
ment only of a single curved tube repre- 
senting the cochlea and similar immatur- . 
ity of the vestibule and canals). 


3. Bing-Siebenmann Type (underde- 
velopment of the membranous labyrinth, 
particularly of the sense organ, with a 
well-formed bony labyrinth). 


4. Scheibe Type (malformation re- 
stricted to membranous cochlea and 
saccule ). 


Schuknecht? (1967) similarly classi- 
fied the labyrinthine aplasia associated 
with deafness of genetic origin into four 
types: 


l. Michel Type (complete failure of 
development of the inner ear). 


2. Mondini Type (incomplete devel- 
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ditiis er presented in this paper. 


The letters A, B and C indicate areas of the osseous labyrinth: both the cochlea and the 


vestibule, the cochlea only, and the vestibule only, respectively. The letters a, b, 


areas Of the membranous labyrinth: both the c 
the vestibule only, respectively. 


and e indicate 
ochlea and the vestibule, the cochlea only, and 


The underlined letters A, B, and c indicate anomalies observed in the osseous areas of A, 


B, and C, respectively ; whereas. & (a' and a") b, 


and c indicate anomalies observed in the mem- 


branous areas of a, b, and c, respectively. a’ and a” are subdivisions of a. a^ indicates anomalies 


Observed in the cochlea and the saccule, "while 
vestibule excluding anomalies categorized as a” 


‘a’ indicates anomalies in the cochlea and the 


. Likewise Aa, Ab, Ac, Ba, Bb, Be, Ca, Cb, and 


EE indicate anomalies of the combined type observed in the areas of Aa, Ab, Ac, Ba, Bb, Be, Ca, 

, and Cc, respectively. Shaded rectangles denote the areas of the labyrinth’ where the hypoplas- 
to anomalies are suspected to be present in each subgroup. For example, anomalies of the Alex- 
ander type of Schuknecht correspond to anomalies of membranous cochlear development, or b 


in our classification; this is MEC by the shading of the rectangle for the cochlear portion of the 


membranous labyrinth in Table 2. 


opment of the bony and membranous 
labyrinth). 


3. Scheibe - Type  (cochleosaccular 
aplasia). 
4. Alexander Type (membranous 


cochlear aplasia). 


Within any one of these classifications, 
however, defects occur which are not 
described fully by the classification. 
Therefore, in Table 2, we have attempt- 
ed to describe our system for classifying 
congenital anomalies of the labyrinth. 
This system takes into consideration the 
varying degrees of pathology of the 
labyrinth which have been described in 
the literature and also includes anom- 
alies which have not been categorized 
previously. 


With this new classification system 
anomalies of the labyrinth can be classi- 
fied into two major categories: aplasia 
and hypoplasia. The hypoplasia cate- 
gory is further divided into three types: 
combined, bony, and membranous. 
These three subtypes are further di- 
vided into 16 different groups: nine 
groups in the combined type, three 
groups in the bony type, and four 
groups in the membranous type, de- 
pending on which structures of the laby- 
rinth are involved in the hypoplasia. 


In Table 2 we have matched the 
anomalies described by Ormerod! and 
by Schuknecht? with the anomalies as 
we classify them. Diseases associated 
with labyrinthine anomalies which were 
categorized in the 16 subgroups are also 
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TABLE 3. RELATIONS OF INNER EAR ANOMALIES AND ETIOLOGIES OF DISEASES 































































Etiologies T T ] 

Unknown Hereditary ; Prenatal Iatrogeni e : c Environmental Total 
Characteristics Infections Ototoxicities Factors 

£ 

MI 1 | 1i | 

E, I = Ak 0 | 
E,M,I 0 

I,0 2 6 1l 9 7 
M,I,O 2 5 1 10 
E, 1,0 | | o 

E,M,I,O 6 15 1 22 ] 
Total 11 27 2 1 43 








_. *E, M, I, and O indicate that the anomaly or anomalies were observed in the external ear, 
middle ear, inner ear or other parts of the body respectively. 
The numbers indicate number of the diseases which include inner ear anomalies. 


described. All of these diseases are re- 
ported in association with temporal bone 
histopathological studies. 


DISCUSSION 


Table 3 shows a summary of the as- 
sociations of inner ear anomalies with 
the etiologies of diseases described in 
section I of this paper. The following are 
the trends noted in the literature re- 
view: 


1. All diseases but one associated with 
inner ear anomalies are found also to be 
associated with anomalies in other parts 
of the ear or the body (42 of 43 dis- 
eases, 97.7%). 


2. Most of the diseases associated with 
inner ear anomalies are diseases also as- 
sociated with anomalies in parts of the 
body other than the ear (41 or 43 dis- 
eases, 95%). 


3. Hereditary characteristics comprise 
the most common etiological factors 
among the diseases associated with inner 
ear anomalies (27 of 43 diseases, 62%). 


4, Most of the diseases with inner ear 
anomalies appear to be associated with 
hearing problems (41 of 43 diseases, 
95%). 


From the reports of anomalies in the 
inner ear anatomical structures de- 
scribed in section II of this paper, the 
following summary of inner ear anom- 
alies associated with various diseases has 
been made and is described in Table 4 
A, B. The following trends may be 
noted: 


l. Among anomalies observed in the 


cochlea, the vestibule, and the semicir- 
cular canals, the anomalies in the coch- 
lea are the most frequently associated 
with different diseases and -were ob- 
served in 30 of the 43 diseases. Anom- 
alies in the vestibule were observed in 
25 diseases and those in the semicircular 
canals in 18, 


2. Among the cochlear anomalies, 
anomalies in both the osseous and the 
membranous cochlea were observed in 
18 diseases. Among them the most com- 
mon were modiolar anomalies, includ- 
ing anomalies of the Rosenthal canal, 
the osseous spiral lamina, and the inter- 
scalar septum. These were observed in 
12 diseases. 


3. Among the vestibular anomalies, 
anomalies of the membranous vestibule 
were most common in the associated 
diseases and were observed in 17 diseas- 
es. Endolymphatic duct and ‘sac anom- 
alies were the most prevalent: in this 
group and were seen in 11 diseases. 


4. Among the semicircular canal anom- 
alies, lateral semicircular canal anom- 
alies were the most common and were 
seen in 15 of 18 diseases. 


From the data described in Table 2 
the following observations can be made 
on labyrinthine anomalies in relation to 
the classic tvpes of anomalies and their 
associated diseases: 


1. Labyrinthine anomalies of the Mi- 
chel type, described by both Ormerod' 
and Schuknecht,? are identical to those 
of the aplasia type in our classification. 


2. Anomalies of the Mondini-Alex- 
ander type described by Ormerod' and 
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TABLE 4A. INNER EAR ANOMALIES AND ASSOCIATED DISEASES 








No. of Diseases 





Labyrinth (In General) 3 
Cochlea (In General) 
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those of the Mondini type described by 
Schuknecht? correspond to those in Aa 


group and all nine groups (Aa, Ab, Ac, 
Ba, Bb, Be, Ca, Cb, and Cc), respective- 
ly in our system. 





3. Likewise, anomalies of the Bing- 
Siebenmann type described by Ormer- 
od,' of the Scheibe type described by 
both Ormerod! and Schuknecht,? and 
of the Alexander type described by 
Schuknecht? correspond to those in cate- 
gories a’, a", and b, respectively, in our 
classification. 


4. A number of labyrinthine anomalies 
were previously reported as being as- 
sociated with numerous diseases but do 
not fit into the classic type of anomalies 
described by Ormerod! and/or Schuk- 
necht.? These are anomalies of the bony 
labyrinth (A, B, and C) and anomalies 


of the vestibular portion of the mem- 


[ome une 
E 
Menbranous Macula 
Utr 


[mamans ae — | 5] 











branous labyrinth (c). Of those anom- 
alies, A, B, and c have been reported in 


the temporal bone histopathology litera- 
ture. 


5. Anomalies indicated as Aa were the 


anomalies most frequently associated 
with the different diseases studied, as 
they were observed to occur in 10 out 
of the 43 diseases studied. 


6. C and Cb represent anomalies 


which are suspected to exist but which 
have not been reported to date. 


Some discussion of the anomalies we 
have labeled A and B of the bony type 
and c of the membranous type is in or- 
der. All of these anomalies have been re- 
ported histopathologically, but it is diffi- 
cult to determine whether or not these 
isolated anomalies truly exist since the 
information about them is so scant. This 
is especially true in the case of anoma- 
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TABLE 4B. INNER EAR ANOMALIES AND ASSOCIATED DISEASES (CONTINUED) 


Anomalies 





S.S.C. 
S.C. (In 





Nerve 


lies of the membranous labyrinth, since 
this structure is so susceptible to post- 
morten changes. 


However, if those anomalies truly 
exist, this information would be ex- 
tremely important not only in confirm- 
ing our system of classification but also 
from a clinical and teratological stand- 
point. Further light and electron micro- 
scopic studies are needed to confirm the 
existence of these described anomalies. 


As far as our proposed classification 
for labyrinthine anomalies is concerned, 


Semicircular Canal (In General) 
S.S.C. (In General) 







L.S.C. (In General) 
[weewisc. —— hg 


Merbranos 


Statoacoustic Nerve 3 Sd. 
statoncuntc : | 


Vestibular Nerve 
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our system involves simply categorizing 
the area of the labyrinth involved and 
the type of involvement observed with 
each anomaly. It is clear that discrep- 
ancies in other authors' descriptions of 
anomalies need not concern us in this 
type of classification system, for as long 
as the location and type of the anomaly 
is described, it can be classified without 
having a “name” (eg, “Mondini type") 
attached to it. This new system elim- 
inates a great deal of confusion in des- 
POM the nature of labyrinthine anom- 
alies. 
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* Eleven discrete. frequer ici 
* Four speech j 


* Pushbutton selection of tone » di 
and output transducers. ; 


All this and much, much more including Ganta stadie 
reputation for quality and performance. 
The 1715... themulti-featured eee designed 
with the user im mind. © 


Distributed outside U.S.A. by Grason-Stadler International, Inc; 





NEW FISCH* MIDDLE EAR 
IMPLANTS FROM RICHARDS 


* Made for Dr. Ugo Fisch, Zurich, Switzerland 


Fisch 0.4mm Teflon“ 
& Wire Piston 


Use of this new version prosthesis in stapedotomy 
minimizes trauma to the inner ear, and permits 
adequate fenestration of the footplate—before re- 
moval of the stapes superstructure, in many cases. 
The calibrated hole is sealed by applying a few 
drops of clotting venous blood after introduction of 
the prosthesis. The procedure facilitates placement 
of the implant, while reducing the likelihood of 
later lateral displacement... and allows easy adap- 


s. 
tation of length of the prosthesis. Made of Teflon 4 


and Richards Certified Stainless Steel wire. Rees 4 





Registered trademark of the du Pont Company. 
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Em ^ Fisch TORP“ 


` : This new modification of the TORP implant offers 
i the advantage of an L-shaped prosthesis. The 
; smaller head and 0.8mm shaft allow better visibility 
$ while the surgeon is positioning the prosthesis. 
Length is 8mm. Dr. Fisch reports an extrusion rate of 
less than one percent, when the implant is covered 
by preserved septal cartilage and, is used in sec- 
ond stage procedures. The Fisch Plasti-Pore® 
TORP implant has also exhibited great value when 
used in the presence of the intact mobile stapes. 


i j TTotal Ossicular Replacement Prosthesis 


Ask your Richards representative about both Fisch 
middle ear prostheses. . . newest products from the 
world's leader in otological implants. 


® 
Fe RICHARDS 


Richards Manufacturing Co. inc 1979 


All Rights Reserved Memphis, Tennessee 38116, U. S.A. 
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New From Xomed 


MICRO-CRAFT 
POWER SYSTEM 


The Micro-Craft™ Power System is designed to utilize two handpieces, each with its 
individually dedicated automatic irrigation system. The color-coded console panel enables the 
microsurgeon to quickly identify and select the drill speed, bur direction, and irrigation 
function. It is the most versatile microsurgical system because of these features: sxy 


Handpieces 

The Straight, Angled, and Transsphenoidal Handpieces provide maximum control due to the 
delicate balance, integral bur support, no start-up surge, and variable speed capabilities. The 
handpieces provide quick surgical removal of bone without heat build-up at the surgical site or 
in the surgeons hand. And the reversible control allows the surgeon to work away from 
delicate structures. 


Built-in Continuous Irrigation System 
Each handpiece provides continuous irrigation which keeps burs free of debris, maintains a 
clean surgical site, and reduces likelihood of thermal bone and nerve damage. 


Applications 

Otology — Continuous irrigation makes the Micro-Craft™ Power System ideal for 
mastoidectomies and facial nerve surgery. ; 

Neuro-otology — Complete control and no start-up surge make the Micro-Craft™ Power 
System the preferred micro-drill for acoustic neuroma procedures; and Xomed’s 
Transsphenoidal Handpiece, because of its narrow shank (4.75 mm diameter), allows visibility 
for approaches to the pituitary gland. 

Neurosurgery — The Angled Handpiece with continuous irrigation and reverse capabilities 
allows safe bone removal during cervical laminectomies. 

Hand Surgery — The Juhala Hand Surgery Bur Set (from Xomed) facilitates various hand 
procedures such as replantation, finger-joint implants, and arthritic surgical treatment. 

Plastic Surgery — Xomed’s Wire Pass Burs used with the Micro-Craft™ Power System provide 
a logical approach for affixing bone during facial and mandibular reconstruction. 











If you would like to try the Micro-Craft™ Power 
System, call the number below and your 
area Xomed representative will 


set up a demonstration. « J, 4 


® 
Xomed offers a wide variety of burs WS 


© 1979 Xomed Inc 
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For additional information, the name of your yee 





Territorial Sales Manager and/or nearest dealer, call s «o? m 
(800) 874-5797 (in Florida call (904) 737-7900 M c 

collect); TWX (810) 827-6439; or write Xomed Inc., he 

8641 Baypine Road, Jacksonville, Florida 32216. eX 
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When; cold strikes 
238,857 miles from 
home,a decongestant 
cant afford to fail. 


Taken for relief of nasal congestion during five Apollo missions. 


ACTIFED® Tablets and Syrup 


INDICATIONS: Based on a review of this drug by the National 
Academy of Sciences — National Research Council and/or 
other information, FDA has classified the indications as fol- 
lows: 

"Probably" effective: For the symptomatic treatment of sea- 
sonal and perennial allergic rhinitis and vasomotor rhinitis. 
*"Lacking substantial evidence of effectiveness as a fixed 
combination": For the prophylaxis and treatment of the 
symptoms associated with the common cold. 

Final classification of the less than effective indications re- 
quires further investigation. 

















CONTRAINDICATIONS: Contraindicated in newborn or 
premature infants; in nursing mothers; for the treatment of lower 
respiratory symptoms including asthma; in patients hypersensitive 
to: 1) triprolidine hydrochloride and other antihistamines of similar 
chemical structure; and/or 2) sympathomimetic amines including 
pseudoephedrine; in patients on monoamine oxidase inhibitor 
therapy (see Drug Interactions Section). 


WARNINGS: Use with considerable caution in patients with: 
increased intraocular pressure (narrow angle glaucoma), 
stenosing peptic ulcer, pyloroduodenal obstruction, symptomatic 
prostatic hypertrophy, bladder neck obstruction, hypertension, 
diabetes mellitus, ischemic heart disease, hyperthyroidism. 


Sympathomimetics may produce central nervous stimulation 
with convulsion or cardiovascular collapse with accompanying 
hypotension. 

Use in Children: As in adults, the combination of an antihistamine 
and sympathomimetic amine can elicit either mild stimulation or 
mild sedation in children. In the young child, mild stimulation is 
the response most frequently seen. In infants and children, 
especially, antihistamine in overdosage may cause hallucination, 
convulsion or death. Large doses of pseudoephedrine are known 
to cause asthenia, lightheadedness, nausea and/or vomiting. 
Use in Pregnancy: Experience with this drug is inadequate to 
determine whether there exists a potential for harm to the 
developing fetus. 

Use with CNS Depressants: Triprolidine has additive effects with 
alcohol and other CNS depressants (hypnotics, sedatives, 
tranquilizers, etc.) 

Use in Activities Requiring Mental Alertness: Patients should be 
warned about engaging in activities requiring mental alertness as 
driving a car or operating appliances, machinery, etc. 

Use in the Elderly (Approximately 60 years or older): Anti- 


histamines are more likely to cause dizziness, sedation and hypoten- 


sion in elderly patients. Overdosages of sympathomimetics in this 
age group may cause hallucinations, convulsions, CNS 
depression, and death. 


PRECAUTIONS: Use with caution in patients with: history of 
bronchial asthma, increased intraocular pressure, hyper- 
thyroidism, cardiovascular disease, hypertension. 


DRUG INTERACTIONS: MAO inhibitors prolong and intensify the 
anticholinergic (drying) effects of antihistamines and overall 
effects of sympathomimetics. Sympathomimetics may reduce the 
antihypertension effects of methyldopa, decamylamine, reserpine, 
and veratrum alkaloids. 


ADVERSE REACTIONS: The most frequent adverse reactions are 
underlined: 

1. General: Urticaria, drug rash, anaphylactic shock, photo- 
sensitivity, excessive perspiration, chills, dryness of mouth, nose 
and throat. 

2. Cardiovascular System: Hypotension, headache, palpitations, 
tachycardia, extrasystoles. 

3. Haematologic ystem: Hemolytic anemia, thrombocytopenia, 
agranulocytosis. 

4. Nervous System: Sedation, sleepiness, dizziness, disturbed 
coordination, fatigue, confusion, restlessness, excitation, 





nervousness, tremor, irritability, insomnia, euphoria, paresthesias, 
blurred vision, diplopia, vertigo, tinnitus, acute labyrinthitis, * 
hysteria, neuritis, convulsions, CNS depression, hallucination. 

5. G.I. System: Epigastric distress, anorexia, nausea, vomiting, 
diarrhea, constipation. 

6. G.U. System: Urinary frequency, difficult urination, urinary 
retention, early menses. . Lj 

7. Respiratory System: Thickening of bronchial secretions, 
tightness of chest and wheezing, nasal stuffiness. 
OVERDOSAGE: Overdosage reactions may vary from central 
nervous system depression to stimulation. Stimulation is 
particularly likely in children. Atropine-like signs and symptoms: 
dry mouth; fixed, dilated pupils; flushing; and gastrointestinal 
symptoms may also occur. 

If vomiting has not occurred spontaneously the patient should be 
induced to vomit. Precautions against aspiration must be taken, 
especially in infants and children. If vomiting is unsuccessful 
gastric lavage is indicated within 3 hours after ingestion and even 
later if large amounts of milk or cream were given beforehand. 
Isotonic and 1/2 isotonic saline is the lavage solution of choice. 
Saline cathartics, as milk of magnesia, draw water by osmosis into 
the bowel and therefore, are valuable for their action in rapid 
dilution of bowel content. Stimulants should not be used. 
Vasopressors may be used to treat hypotension. 

DOSAGE AND ADMINISTRATION: Dosage should be individ- 
ualized according to the needs and the response of the patient. 












































Usual Dose: 
——— 
Syrup 
: Tablets teaspoonfuls (5 cc) 
Adults and children 
12 years and older 1 2 
Children 6 to 
12 years 1/2 
: 3-4 3-4 
| Children 4to times times 
6 years — 5 3/4 A 
Children 2 to day day 
4 years — 1/2 
Children 4 months 
to 2 years — | 1/4 





HOW SUPPLIED: 

Actifed® Tablets — Bottles of 100 and 1000; unit dose pack of 100. 
Actifed® Syrup — Bottles of 1 pint and 1 gallon. 

Unit of Use: 

Tablets — Bottles of 30 and 100 with child-resistant cap. 

Syrup — 4 oz bottle with child-resistant cap. 

Reference: 1. Johnston RS, Dietlein LF, Berry CA (eds): 
Biomedical Results of Apollo. Washington, DC, National 
Aeronautics and Space Administration, 1975, p 63. 


ACTIFED 


Each scored tablet contains ACTIDIL* (triprolidine HCI) 2.5 mg, 
SUDAFED® (pseudoephedrine HCI) 60 mg. Each 5 cc teaspoonful 
of syrup contains ACTIDIL® 1.25 mg and SUDAFED® 30 mg. 


Tablets/Syrup 


You can count on it. 


The new, thin, 
flexible ENT endoscope 
with distal deflection 
from Machida... 
Nasopharyngo — 
Laryngoscope 

Model ENT-US-25 


The small diameter, flexibility and tip deflection of this scope 

allow for easy, safe and painless endoscopic examination 

anywhere in the upper airway, including the fossa of Rosenmueller 
and sphenoid sinus orifices. 


The insertion tube is only 3.9mm in diameter and is 25cm in length. 
The weight of the control unit is a mere 6 oz. Superior optics 
and a 70° field of vision offer a precise, optically-excellent image. 





Write or call for a demonstration: 


I MACHIDA AMERICA,INC. 
| 65 OAK STREET, NORWOOD, NJ 07648 
(201) 767-7350 








Service is a top concern.. 
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ELECTRIC RESPONSE 
AUDIOMETRY INSTRUMENTS 





Plug in expandability minimizes start-up 
costs and protects against obsolescence. 
Inexpensive basic single- or dual-channel 
Systems can be quickly expanded by adding 
plug-in modules. Modules include a strip-chart 
recorder which plots the averaged waveform on 
ordinary EKG chart paper, a waveform proces- 
sor which allows adding or substracting of sepa- 
rate averaged waveforms, special click and 
masker generators, and a digital programmer 
for generating complex stimulus sequences 


State of the art design maximizes perfor- 
mance: Amplitude resolution of .0296 full scale 
and time resolution of 51 points /msec.* give av- 
eraged waveforms of unsurpassed clarity and 
sharpness. High pre-amplifier input impedance 
(10 Gigohms shunted by less than 10 pF) low 
internal noise (4.0 u V peak-to-peak) and high 
common mode rejection (85 dB at 60 Hz) greatly 
simplify the task of obtaining noise-free tracings 


Ideally suited for clinical use: Simplified con- 
trols allow inexperienced personnel to obtain 
high quality records after minimal training 
Safety features include optically isolated pre- 
amplifier, low-leakage internal wiring design, 
thermally protected power-supply, and 
implosion-protected cathode ray tube 
On-site installation: With purchase of a com- 
plete ERA system, trained Life-Tech medical 
field-service specialists will install and system 


and instruct the user in its operation 
*On models 8101E and 8102E 
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tion potentials (“EAM/MASTOIDS") ana brainstem- 
evoked responses ("VERTEXIMASTOIDS ) from a normal ear ("NOR 
MAL") and an ear with a 2 x 2 
intracranial space ("RE TROCOCHLEAR '). Compared to the normal ear 
the retrocochlear ear generates a brains oked response (BSER) 

l >d latency, and the interval between action potential (AP. 
The AP was recorded with a non-tr 



















single responses 
0-2 kHz 


Analysis time: 20 msec, system frequency response 
1 


Backed by extensive service facilities: A 
nationwide network of Life- Tech approved serv- 
Ice centers provides one-day service in most of 
the continental United States. An extensively 
equipped and staffed home-office service de- 
partment supports the regional service centers 


For additional information, call or write. 


Life-Tech 
Instruments, Inc. 


BOX 36221 HOUSTON TEXAS 77036 - (713) 783-6490 


- 
| 
| 
| 
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DRUCK-LEVINE 
ANTRAL RETRACTOR Í 


N-4892 
e Articulating limbs apply constant tension to 
minimize slippage | 
e Articulation allows wide exposure, easy access 
to antrum | 
e Each limb adjustable to different planes 


e Upper prongs fit under periosteum of flap 


e Universally pivoting cheek blade 


e Self-retaining for steadiness in microsurgery 


| : 
For more information, see your Storz representative or- 
contact Storz Instrument P Dept. A. 


INSTRUMENT COMPANY 





` 65 Tree Court ind. Bivd., St. Louis, MO 63122 
- Call toll free 800-325-9500. In Missouri, call collect: (314) 225-5051. 


Designed by 

Norman Druck, ^ 
and 

Laurence Levine, 
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AUTOIMMUNE SENSORINEURAL HEARING LOSS 


> 


Brian F. McCase, MD 


Iowa Cirv, Ilowa 


The author proposes the existence of a new entity, autoimmune sensorineural hearing loss, 
on the basis of diagnostic study and treatment experience with a series of 18 patients, In each 
case the clinical pattern did not fit with known entities and thus seemed to merit distinetive 
categorization. In the one patient in whom tissue was available, a vasculitis was evident, a 
feature of autoimmune disease. All patients responded to treatment for an autoimmune disease; 


namely, chronic cortisone and cyclophosphamide therapy. The author suggests that all otolaryn- . : 
gologists should be aware of the possibility of this condition, because itis one of the few forms 
of sensorineural deafness for which we have a treatment. LN ` 


There appears to be a form of sen- 
sorineural hearing loss which is distinct 
from other forms of deafness by virtue 
of its clinical course, laboratory test re- 
sults, and response to treatment, to a 
degree sufficient to warrant separate 
identification. We propose the term 
autoimmune sensorineural hearing loss 
on the basis of its laboratory test char- 
acteristics and specifics of its response 
to treatment. We believe it to be impor- 
tant because it is one of the few forms 
of sensorineural deafness for which we 
have a treatment. As such all otolaryn- 
gologists should be on the lookout for it, 
be able to recognize it, and be able to 
treat it. We hazard that most otolaryn- 
gologists have seen it at one time but 
not many have recognized it. 


The characteristics of the condition 
will be described in terms of a case re- 
port which is a composite of a number 
of patients seen and treated over a pe- 
riod of ten years, describing the most 
usual form it takes. 


CASE REPORT 


The patient is a 25-year-old Cauca- 
sian male in excellent health in all re- 
spects until two months prior to his 
initial visit. He awoke one morning with 
a full feeling in his right ear, tinnitus, 
and unsteadiness. He received antibiotics 
for this from his family physician. Two 
weeks later he was seen by an otolaryn- 
gologist who saw no objective abnor- 
mality but determined his hearing at 


63 dB SRT on the right and 18 dB 
on the left. One month after develop- 
ment of his ear difficulty he awoke with 
a complete right facial paralysis. He 
was started on steroids and noticed 
some slight improvement of the face. 
Two months into his illness he was re- 
ferred because of failure of further im- 
provement of the facial paralysis and 
steady progression of the hearing loss. 
A. period of progression of the deafness 
over. weeks or months, not hours nor 
days nor years, is a characteristic of this 
disease. 


The physical examination was normal 
except for a nearly complete right pe- 
ripheral faċial paralysis, total deafness 
in the right ear, a 30 dB SRT in the 
left ear with 74% discrimination, and 
completely absent véstibular responses 
AU. The ENG showed no activity to 
a stimulus of 20 cc of ice water in either 
ear. 


He was admitted for an exhaustive 
workup and commencement of therapy. 
Besides routine tests the following were 
obtained: | $MA/12/60, | SMA/6/60, 
FTA, convalescent viral titres, lipopro- 
tein electrophoresis, cholesterol, trigly- 
cerides, quantitative immunoglobulins 
including IgG, IgA and IgM, antinu- 
clear antibody titre, hepatitis associated 
antigen, T3, T4 and T7, PT, PTT, CPK., 
antimitochondrial anti-smooth muscle 
and antiparietal cell antibody determin- 
ations and complete skin testing. A lum- 


From the Department of Otolaryngology and Maxillofacial Surgery, University of Iowa 


Hospitals and Clinies, Iowa City, Iowa. 


Presented at the meeting of the American Neurotology Society, Los Angeles, California, 
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bar puncture was performed. Hypocy- 
cloidal tomography of the temporal 
bones was negative. Other important 
negatives were no signs of neurofibro- 
matosis in the cornea, iris, or retina, no 
interstitial keratitis, and no retinitis pig- 
mentosa. The only abnormal responses 
to tests were a CSF protein of 68 mg/% 
(normal 11 to 50) and an IgM of 300 
(normal 68 to 250). 


. During thé. nearly two weeks of the 
workup, no.change in the facial paraly- 
sis was noted but the SRT dropped to 
60 dB and the discrimination to 0% in 
his only hearing ear. 


At this point therapy was started con- 
sisting ‘of oral dexamethasone, 16 mg 
daily and intravenous cyclophosphamide 
in amounts adequate to keep the white 
cell count between 2,000 and 4,000 per 
cu mm. At the end of two weeks he no 
longer had to depend on a pad and pen- 
cil for communication. He was dis- 
charged and admitted two weeks later 
for another two-week course of cyclo- 
phosphamide. After one month of treat- 
ment he had an improved SRT and a 
measurable discrimination score. He 
achieved his peak hearing return after 
two months of treatment with an SRT 
of 30 dB and a discrimination score of 
72%. After three months of treatment his 
facial paralysis had resolved completely 
except for moderate loss of corrugator 
activity of the lips. He was kept under 
cortisone treatment and was mildly 
cushingoid for ten months when the 
cortisone was tapered and discontinued. 
The only incident of note during this 
time is that 3% months into treatment 
the cortisone was tapered acording to 
plan and his hearing "dropped badly." 
He resumed the prior level of treatment 
immediately as he had been instructed 
and in three weeks his hearing was back 
to its prior level. 


We now have our eighteenth case of 
this rare form of ear disease. The picture 
may be variable. 


CLINICAL PICTURE 


It is usually bilateral. The hearing 
organs are always involved and usually 
the balance organs as well. Facial pa- 
ralysis occurred in five patients. Tissue 
destruction may occur and may involve 
the tympanic membrane, the entire mid- 
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Fig. l. Granulomatous postauricular 
mass between auricle and hair of temporal 
region seen in one patient. 


dle ear, or the middle ear and mastoid 
as well (Fig. 1). All patients responded 
in a manner similar to this patient. 


We are aware that there is little in 
the way of laboratory tests to prove this 
is an autoimmune disease. The excep- 
tion is a new test, the lymphocyte inhi- 
bition assay using inner ear antigen. The 
only positive tests except for this were 
an elevated CSF protein and a moder- 
ately elevated IgM and a positive LIA. 
Only one of five of Witebsky's postu- 
lates for an autoimmune disease is met, 
a positive response to treatment. How- 
ever, the positive lymphocyte inhibition 
assay, a post-Witebsky development, is 
a strong argument in itself for auto- 
immunity. 


DIFFERENTIAL DIAGNOSIS 


The time course of the hearing loss 
appears to be the best clue to diagnosis. 
It differs from the other causes of pro- 
gressive sensorineural deafness, in that 
it is either quicker or slower, and can be 
contrasted with them in certain other 
features. The differential diagnosis of 
this disease would include only those 
conditions of sensorineural deafness un- 
accompanied by morphologic changes 
identifiable by inspection, radiography 
or tissue morphology such as osteopetro- 
sis, glomus jugulare, acoustic neuroma, 
eosinophilic granuloma, etc. Conditions 
with which it may be confused are as 
follows. 


AUTOIMMUNE HEARING LOSS 


l. Sudden deafness occurs over min- 
utes or hours; this condition progresses 
slowly over a period of weeks or months. 


2. Cochlear Méniére's disease is both 
sudden and fluctuating, this condition is 
insidious and slowly progressive with- 
out remission. 


3. Cochlear (otosclerotic) deafness is 
seen with a positive family history, ex- 
cellent discrimination, flat audiometric 
curve, and progression over a matter of 
years, whereas this condition progresses 
over weeks or (at most) a few months 
and discrimination scores are poor, au- 
diometric curves are sloping, and family 
histories are negative. 


4. Chronic progressive deafness of 
adolescence may be seen in patients 
from 6 to 18 years of age with progres- 
sion of the hearing loss only in the range 
of 10-20 dB annuallv. whereas in this 
disease the age of incidence is 20 to 40, 
there is no fluctuation, and the time 
course is considerably quicker. 


5. Presenile presbycusis is generally a 
disease of the 40s and 50s, slowly pro- 
gressive, and accompanied by other 
changes such as arcus senilis, loss of 
elastin fibers with drooping of surface 
features, etc, whereas this disease occurs 
earlier and progresses much more 
rapidly. 


6. Noise-induced hearing loss is so 
readily identifiable it should require no 
comment here, except to say that it may 
be present as a substrate to this disease. 
A patient who is a suspect may have a 
temporary threshold shift in noise who 
did not have one before. 


7. Recessive progressive hereditary 
deafness patients should be identifiable 
by family history. If not, the distinction 
from this condition is a matter of time— 
—years for this (hereditary deafness) 
disease, weeks or months for the disease 
in question. 


8. Luetic labyrinthitis is accompanied 
by a hearing loss over months and years 
rather than weeks, vertigo, virtually 
never a facial paralysis, and always a 
positive FTA. In this disease the deaf- 
ness is more rapidly progressive, verti- 
ginous crises are absent, and the FTA 
is negative. 
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DISCUSSION. 


We have now 18 cases of this uncom- 
mon form of inner ear disease. The pic- 
ture is variable, but there has been a 
diagnostic pattern. It is a bilateral dis- 
ease althouch asymmetric. Hearing is 
always involved, with all localization 
tests pointing to the end-organs. Vestib- 
ular function is involved as well, but so 
symmetrically that vertigo is.not a com- 
plaint. Unsteadiness and afáxia in dark- 
ness are common complaints, which are 
the usual manifestations of.slow but bi- 
laterally simultaneous fáilure of vestib- 
ular end-organs. Temporary facial pa- 
ralysis occurred in five patients, with 
complete remission in four and satisfac- 
tory return in one without surgical. in- 
tervention. 


It is of interest that tissues beyond the 
inner ear may become involved. The fa- 
cial nerve has been mentioned. Cases of 
tissue destruction of the tympanic mem- 
brane, middle ear, or middle ear and 
mastoid have also been observed in this 
group of patients Two are particularly 
notable. 


One patient had bilateral middle ear 
effusions in addition to the inner ear 
losses which were severe (total AS and 
90. dB AD). The left ear had only a 
moderate loss on outside audiograms be- 
fore a myringotomy had been per- 
formed, after which the patient claimed 
a total loss of hearing. This was con- 
firmed by our testing. For this reason 
we would caution against myringotomy 
in any patient with rapidiy progressive 
sensorineural deafness with effusion. 
Our physical examination of the tym- 
panic membranes, however, were of 
even greater interest: both were thick- 
ened and immobile, but the right tym- 
panic membrane was most unusual, A 
large blood vessel coursed from the an- 
nular ligament area posteroinferiorly, up 
and forward across the umbo, into the 
opposite quadrant. This vessel was ob- 
served periodically. The most astound- 
ing feature of all was that after com- 
pletion of treatment (cyclophosphamide 
and dexamethasone) over 6 weeks, the 
vessel had disappeared. There is no 
blood vessel coursing along this route 
normally? This is a clear example of 
neovascularization, wherein an organ al- 
ready supplied by vessels is supplied in 
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Fig. 2. A) Frank vasculitis in the granulation tissue from the patient in Figure 1. 
Chronic inflammatory cells invade all ys: of the vessel. B) The ghost of a blood ves- 


sel destroyed by inflammatory disease 


a new way in the absence of prior de- 
struction. This is characteristic of gran- 
ulomatous diseases, a number of which 
are autoimmune in nature, the clearest 
example being lethal midline granu- 
loma. 


Tissue for pathological examination 
is very hard to come by in such patients, 
and would be extremely valuable in 
search for vasculitis. We have only one 
such, in a patient whose disease involved 
the middle ear and mastoid. The tissue 
from this patient clearly demonstrated 
not only vasculitis (Fig. 2A) but also 
the ghosts of blood vessels which are in 
the end ey of vasculitis, rings of scar 
tissue in the granulomatous substrate 
(Fig. 2B). This was one of our first pa- 
tients and was many months into her ill- 
ness before we thought to start immuno- 
suppressive therapy, after which she 
healed and has remained so. 


LABORATORY TESTS 


As in the case report, there are no 
routine laboratory tests that will identify 
patients with this disorder. In the last 
four years of the ten-year period we 
have been collecting these patients how- 
ever, new tests for autoimmune diseases 
have emerged. We have applied one 


arrows outline the vessel). 


which has been positive in those pa- 
tients we have seen in recent years, the 
lymphocyte inhibition assay. In this test 
the patients lymphocytes are chal- 
lenged by prepared inner ear antigen. 
The antigen is made from membranous 
inner ear tissue removed from patients 
without the disease, ie, during translaby- 
rinthine operations for other disorders. 
Six patients in the series were tested 
when this test was available, and all six 
had positive responses, their lymphocytes 
responding to inner ear antigen whereas 
controls did not. In terms of autoimmune 
diseases however, this is a rather gross 
test and we are not completely con- 
vinced as to its specificity. We need 
greater experience with it, and it needs 
verification in other laboratories. 


SUMMARY 


A composite patient representing one 
of a series of eighteen patients believed 
to have an autoimmune inner ear dis- 
ease process is described in detail. An 
extensive hospital workup was essen- 
tially negative except for a positive 
lymphocyte inhibition assay in recent 
patients. Evidence of a vasculitis was 
present in the one patient in whom tis- 
sue was available. In each case wherein 
the hearing loss was not total, a sub- 
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stantial improvement of hearing was ob- 
tained on cyclophosphamide and dexa- 
methasone therapy. Intensive treatment 
was required. In each case hearing 
change paralleled treatment, that is to 
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stopped early in the disease, the hearing 
failed and on recommencement of ther- 
apy the hearing ‘improved. The mini- 
mum treatment period in the series was 


eight months and the maximum. two 


say, if treatment were diminished or years. E 
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THE COMBINED COMPUTERIZED TOMOGRAPHY-SIALOGRAM 


A TECHNIQUE TO DIFFERENTIATE DEEP LOBE PAROTID TUMORS FROM 
EXTRAPAROTID PHARYNGOMAXILLARY SPACE TUMORS 


Peter M. Som, MD 
Hucu F. Burer, MD 


New York, New York 


The preoperative differentiation of a deep lobe parotid tumor from a parapharyngeal tumor 
' is important to the surgeon in determining the correct surgical approach. The combined parotid 
sialogram and CT scan provide more information than either study alone, and we feel that a 
reliable preoperative differentiation can be made on this combined study. 


Sialography is a reliable and accurate 
method for the roentgen evaluation of 
major salivary gland pathology. The pri- 
mary clinical contributions of this pro- 
cedure are the localization of mass le- 
sions and the obtaining of information as 
to the extent and possible etiology of 
sialectasis (obstructive sialectasis versus 
autoimmune sialectasis). The roentgen 
differentiation between benign and 
malignant tumors is the index most poor- 
ly correlated with sialography.' 


In general, benign tumors displace 
and stretch the ductal system around the 
lesion with a smooth margin sometimes 
demonstrating a “halo effect” which rep- 
resents the compressed, but otherwise 
normal parenchyma immediately sur- 
rounding the mass. Several criteria to 
determine malignancy have been des- 
cribed. These include abrupt cut-off or 
displacement of ducts, irregular pooling 
of contrast material or the absence of 
contrast parenchymal filling in a portion 
of the gland. However, these signs oc- 
casionally can be present in abscesses 
and inflammatory disease. The absence 
of these signs does not exclude malig- 
nancy.?? 


Information about the localization of 
mass lesions has two components. The 
first is to determine the portion of the 
gland involved and the second is to es- 
tablish whether the mass is intrinsic or 
extrinsic. This paper will confine its dis- 
cussion to the parotid eland where the 
proximity of the facial nerve and the 


pharyngomaxillary (parapharyngeal ) 
space makes the contribution of sial- 
ography to the surgical approach more 
significant than in the area of the sub- 
maxillary gland. 


It has been noted that since the facial 
nerve is now routinely exposed at the 
time of parotid surgery, the localization 
of an intrinsic lesion to the superficial 
or deep lobe of the parotid gland has 
minimal surgical importance. This di- 
vision of superficial and deep lobes is 
artificial, being determined by the plane 
at which the parotid gland is traversed 
by the facial nerve, rather than by a di- 
vision of the gland by fascial planes or 
a capsule. This arbitrary division being 
understood, it is only in a gross way that 
the radiologist can place mass lesions 
into one of these lobes. Lesions far an- 
terior or lying very superficially can 
onlv be in the superficial lobe. However, 
differentiation in this region has little 
clinical and surgical significance. More 
importantly, lesions in the deep lobe, 
particularly the retromandibular portion 
of the gland, are more difficult to eval- 
uate clinically. The differentiation of 
whether a retromandibular mass is with- 
in the parotid or extrinsic to the parotid 
is of clinical importance to the surgeon. 


Sialographically, lesions of the deep 
lobe have been described as giving an 
"umbrella" type of appearance by which 
is meant a medial draping or displace- 
ment of the parotid ductal system 
around the mass with the concavity on 
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Fig. 1. A) Lateral sialogram film dem- 
onstrates abrupt ductal cutoff and an area 
of parenchymal nonfilling. The findings 
suggest a malignant process. B) Axial CT 
scan taken 24 hours after the sialogram 
reveals retained contrast material within 
the right parotid gland trapped behind 
the ductal obstruction. Curved arrow lies 
on contrast-filled deep parotid lobe and 
points to the discrete noncontrast-filled 
mass lesion. The straight arrow points to 
the right mandible. 


the medial or deep side.*^ Even in these 
deep lobe tumors with the “umbrella” 
draping, differentiation between intrin- 
sic and extrinsic lesions can be very dif- 
ficult. A large very peripheral mass le- 
sion, virtually arising on the deep sur- 
face of the gland, can displace (or 
drape) the adjacent underlying ducts 





and appear exactly the same as the sialo- 
gram of a mass of similar size arising im- 
mediately adjacent to the gland and 
compressing it extrinsically. When the 
ductal system can be demonstrated to 
completely encompass the mass, an in- 
trinsic lesion can be diagnosed. The au- 
thors have not seen an extrinsic mass 
give this “encompassed” appearance. 


It is the purpose of this paper to dem- 
onstrate a technique to distinguish 
whether a parapharyngeal mass is aris- 
ing from the deep lobe of the parotid or 
from adjacent tissue with "secondary 
compression of the deep lobe parotid 
tissue. » 

ORGINATION OF THE TECHNIQUE 

A sialogram was performed on a pa- 
tient with a suspected malignancy (Fig. 
1A). A CT scan was performed the fol- 
lowing day in an attempt to rule out 
any extension of the tumor to the base 
of the skull. On the scan the parotid 
gland was beautifully outlined by the 
retained Ethiodol? and the tumor mass 
was surprisinglv well localized (Fig. 
1B). This raised the possibility of com- 
bining the techniques to evaluate sali- 
vary gland tumors. An anatomical note 
was found demonstrating the position of 
the parotid and submaxillary glands in 
an atlas on cross-sectional anatomy.^ 
Review of the literature did not note any 
reference to the intentional, combined 
sialogram-CT scan procedures for the 
diagnosis of deep lobe parotid masses, 
presenting as parapharyngeal masses. 
TECHNIQUE 

A sialogram is performed by conven- 
tional techniques and appropriate radio- 
graphs obtained. Ethiodol is used as the 
contrast material. Immediately follow- 
ing the sialogram with the needle still in 
place (to prevent the emptying of the 
contrast material from the gland), the 
patient is transported to the CT scanner 
and axial and coronal scans are per- 
formed. If any of the contrast material is 
swallowed or spills into the mouth or 
pharynx, it is noted on the CT scan as a 
dense line outlining the mucosa. No 
communication with the submucosal 
spaces is seen unless pharyngeal ulcer- 
ation is present which should be clini- 
cally evident before the examination. 
Therefore, contrast seen in the para- 
pharyngeal space should be located in 








Fig. 2. A) Oblique sialogram film 
shows parotid ducts encircling a deep 
lobe lesion. The ducts are displaced, but 
otherwise normal. Arrow points to most 
medially displaced parotid ducts. B) Ax- 
ial CT scan reveals a large parapharyngeal 
mass. The large arrowhead points to the 
contrast-filled deep lobe of the parotid. 
Notice that no clear space exists between 
the mass and the parotid gland. The small 
arrows point to droplets of contrast in the 
deeply displaced parotid ducts. No con- 
trast is seen over the pharyngeal mucosa. 
This is a deep lobe parotid mass. 


deeply displaced parotid ducts. A CT 
scan without prior sialography will not 
demonstrate the exact extent of the paro- 
tid gland. Confusion with adjacent mus- 
cle and soft tissue structures does not 
allow the precise delineation of the deep 
lobe and thus the precise relationship to 
the parapharyngeal mass. 


CASE REPORTS 
Case 1. This 51-year-old Caucasian fe- 
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male noticed a swelling in her throat ap- 
proximately two weeks prior to her ad- 
mission. There was no history of pain, 
difficulty swallowing or trismis. Her 
past medical history was noncontribu- 
tory. Examination showed a submucosal 
mass involving the right lateral pharyn- 
geal wall extending from the palate 
superiorly to the level of the glossoepi- 
glottis, inferiorly. There was fullness of 
the right parotid area. Palpation of the 
mass showed it to be smooth, nonpulsa- 
tile and nontender. Nasopharyngeal 
examination was normal. The tympanic 
membrane, ear canal and audiologic 
evaluation were normal. Cranial nerves 
were intact. No cervical adenopathy was 
present. The clinical impression was 
that of a parapharyngeal tumor, proba- 
bly a mixed tumor, arising either from 
the deep lobe of the parotid gland or 
palate. 

The sialographic CT evaluation (Fig. 
2A, B) indicated that the mass did not 
arise from the deep lobe of the parotid. 
The surgical approach, therefore, did 
not include isolation of the facial nerve. 
A submandibular incision was used. The 
submaxillary gland was reflected su- 
periorly and the parapharyngeal space 
exposed. A firm encapsulated mass was 
mobilized and removed. The deep lobe 
of the parotid was compressed by the 
mass, but not attached. The attachment 
of the mass was medial. The pathology 
report was that of a benign mixed tumor 
of minor salivary gland origin. 


Case 2. 'This 65-year-old Caucasian 
female noted a swelling of the right ton- 
sil for approximately one year. There 
was no history of pain, trismis or diffi- 
culty swallowing. Her past history was 
noncontributory. Examination showed a 
well nourished female. There was prom- 
inence in the area of the right parotid 
gland. Intraoral examination showed the 
right tonsil to be pushed medially by a 
submucosal mass involving the right 
lateral pharyngeal wall from the level 
of the soft palate superiorly to the level 
of the epiglottis inferiorly. The mass was 
firm to palpation and was nontender 
and nonpulsatile. Palpation at the angle 
of the mandible revealed a smooth mass. 
Examination of the ear canal and tym- 
panic membrane was normal. Cranial 
nerves were intact. Audiologic evalua- 
tion showed normal hearing. The clinical 
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Fig. 3. A) AP sialogram film shows 
slight draping and lateral displacement of 
the parotid ducts by a medial mass. B) 
Axial CT scan reveals parapharyngeal 
mass pushing the right pharyngeal wall 
toward the midline. Curved arrow rests on 
the contrast-filled deep lobe of the parotid 
and points to a lucent zone between the 
parotid and parapharyngeal mass. This is 
not a deep lobe parotid mass. 


impression was a benign mixed tumor 
either rising from the deep lobe of the 
parotid or the palate. A sialogram-CT 


examination (Fig. 3A, B) indicated that 
the tumor arose from the parotid gland. 
The surgical approach therefore includ- 
ed isolation of the facial nerve, super- 
ficial parotidectomy, severance of the 
stylomandibular ligament, and then 
mobilization and: removal of the mass 
without mandibulotomy.. The mass was 
attached to the superficial lobe parotid 
tissue, The pathology report was be- 
nign mixed tumor. 


Case 3. The patient was a 38-year- ` 
old Negro male who. presented .with a 
two-month history of discomfort in tlie 
back of the throat on the left side. He 
had two weeks of difficulty swallowing 
and a muffled voice. Examination re- 
vealed a large, left paraphatyngeal mass 
deviating the soft palate and uvula to 
the right. There was fullness of the left 
parotid gland. The mass was nontender. 
Neurologic examination was within 
normal limits. A sialogram revealed a 
probable parapharyngeal mass although 
a deep lobe parotid tumor coüld. not be 
completely ruled out (Fig. 4A). The CT 
scan confirmed that the mass did not 
arise from parotid tissue by demonstrat- 
ing a lucent fascial or soft-tissue plane 
between the mass and the contrast-filled 
parotid gland (Fig. 4B). The tumor was 
removed through an anterior mandibul- 
otomy. The parotid gland and facial 
nerve were not involved in the surgical 
approach. The pathology report was 
branchial cleft cyst. 


Analysis of Cases. In Case 2, the sialo- 
graphic appearance of the encircling 
ducts along the medial aspect of the 
mass were by our criteria, indicative of 
a deep lobe tumor. This was best dem- 
onstrated on the oblique film. The CT 
scan revealed the homogenous deep 
lobe mass with the contrast-filled ducts 
along the medial surface. The contrast 
was not outlining the mucosa which dif- 
ferentiated it from contrast swallowed 
bv the patient (Fig. 3A, B). The surgi- 
cal approach was transparotid with iso- 
lation of the facial nerve. 


In Case 1, however, the sialogram re- 
vealed the umbrella type appearance 
( Fig. 2A). The demonstration of a tissue 
or fascial plane on CT scanning sur- 
rounding the mass with an “extrinsic” 
concave margin abutting on the deep 
lobe of the parotid was felt to be evi- 
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Fig. 4. A) Oblique sialogram film re- 
veals draping of the parotid ducts by a 


large medial mass. B) Axial CT scan 
shows a large left parapharyngeal mass 
which has pushed the pharynx to the 
right of midline and anteriorly. Arrow 
rests on the contrast-filled deep lobe of the 
left parotid gland pointing to the lucent 
zone separating the parotid from the mass 
lesion. This is not a deep lobe parotid 
mass. 


dence of a nonparotid parapharyngeal 
space tumor (Fig. 2B). As a result the 
surgical approach was directed toward 
removal of the parapharyngeal mass 
without regard to the parotid or facial 
nerve. 


In Case 3, the combined approach 
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(Fig. 4A, B) confirmed the sialogram 
impression of a parapharyngeal mass 
allowing the surgeon to confidently plan 
his surgical approach. The fact that the 
cyst appeared homogenous on the CT 
scan is not unexpected since the protein 
content of the cyst fluid is high, and 
differentiation from the thin cyst wall 
is not feasible with the present state of 
the art. 
DISCUSSION 

The pharyngomaxillary (parapharyn- 
geal) space is cone shaped: its apex be- 
ing the greater cornu of the hyoid bone 
and the base, represented by the base 
of the skull. The medial boundary is the 
superior constrictor muscle with the 
overlying tonsillar fossa. The lateral 
boundary is formed by the ascending 
ramus of the mandible, the parotid 
gland posterior to the ramus, and the in- 
ternal pterygoid muscle. Neoplasms may 
arise from any structure within or bor- 
dering the space. Lesions arising from 
within the space include neurogenous 
tumors, usually neurofibromas or 
schwannomas, vascular tumors (glomus 
vagale), and lymph node metastases 
or lymphomas. Tumors arising from 
the bordering structures which in- 
volve the space include lesions of the 
deep lobe of the parotid, tumors of the 
minor salivary glands of the pharynx 
and tumors eroding through the base of 
the skull (meningioma, sarcoma or car- 
cinoma). 

When a tumor is of sufficient size, re- 
gardless of origin, it will cause bulging 
of the lateral wall of the pharynx and 
palate medially and the parotid gland 
posterior to the ramus of the mandible, 
laterally. If it is of sufficient size the 
apex of the space will be involved caus- 
ing a mass just deep to the angle of the 
mandible at the greater cornu of the hy- 
oid bone. In this area the tail of the paro- 
tid gland may also be displaced. 


The preoperative evaluation of a 
parapharyngeal mass includes angio- 
gram, tomogram, sialogram and CT 
scan. Peroral biopsy is rarely indicated. 
An avascular lesion within the space, 
without evidence of bone erosion will 
usually represent a schwannoma arising 
from the vagus or sympathetic, or a sali- 
vary gland tumor arising from the paro- 
tid or minor salivary glands of the 
pharynx, Clinically the decision cannot 
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be made with accuracy. The preopera- 
tive knowledge that the tumor arises 
from the parotid gland or from ad- 


jacent tissue and secondarily en- 
croaches on the parotid gland would 
aid in the type of surgical ap- 


proach for excision. The preoperative 
knowledge of the presence of deep lobe 
involvement would dictate a transparo- 
tid approach which would include sev- 
enth nerve isolation, superficial parotid- 
ectomy, retraction of the seventh nerve 
superiorly, severance of the styloman- 
dibular ligament, possibly mandibular 
osteotomy or dislocation, and finally re- 
moval of the deep lobe tumor. If the 
tumor, preoperatively, was known not to 
arise from the parotid, then the trans- 
parotid approach could be eliminated. 
The tumor would then be removed 
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through a transsubmandibular approach 
with or without midline mandibular os- 
teotomy. This, therefore, would avoid 
the necessity of seventh nerve dissection 
and retraction. A peroral approach for 
tumor removal is contraindicated. 


It is because of the foregoing that the 
preoperative sialogram-CT scan pro- 
cedure is of value. This procedure’s re- 
liability has determined the presence or 
absence of deep lobe parotid tumor ori- 
gin and therefore allows the surgeon to 
determine the correct surgical approach 
for extirpation of the tumor. 


The present study is based on a small 
number of cases and the full limitations 
and benefits of this procedure will be 
better evaluated when a larger series of 
case material is collected. 
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CRICOPHARYNGEAL MYOTOMY IN PHARYNGEAL PARALYSIS 
~ CINERADIOGRAPHIC AND MANOMETRIC INDICATIONS 


Jos J.M. vaN OvERBEEK, MD 
Hans C. BETLEM, MD 


Groningen, The Netherlands 


A brief outline of the causes and symptoms of hypopharyngeal paresis is followed by a 
discussion of the diagnostic possibilities of manometry and cineradiography. It was found that 
the pharyngoesophageal sphincter mechanism remains intact in the case of complete paralysis 
of the hypophargnx. When there are severe symptoms of dysphagia, myotomy of the pharyngo- 
esophageal sphiricter is to be considered on the basis of these diagnostic findings. This procedure 
can lead to substantial improvement of the symptoms. Sphincterotomy yielded very favorable re- 
sults in five out of nine patients, two of whom are discussed in some detail by way of illustration. 


The propulsion of food in the diges- 
tive tract is effected by coordinated 
contractions of muscles in the wall. Clos- 
ing mechanisms at the junctions of the 
anatomical units which constitute the 
digestive tract, normally permit only 
distal passage. It is in these junctional 
areas that functional disorders frequent- 
ly occur. Disorders at the junction be- 
tween esophagus and stomach are a 
well-known example. 


Although the literature frequently 
mentions the gastroesophageal sphincter, 
a distinct anatomical sphincter between 
esophagus and stomach is not identifi- 
able. Perhaps several factors play a role 
in closure. One of these factors could 
be the abdominal position of the most 
distal esophageal segment in combina- 
tion with the angle between this seg- 
ment and the stomach fundus. Many 
authors maintain that the esophageal 
hiatus plays an important role, while 
others postulate that the presence of 
more circular muscle fibers at this site 
effects closure. 


The gastroesophageal sphincter has of 
old attracted more attention than the 
sphincter mechanism between hypo- 
pharynx and esophagus. Unlike the lat- 
ter, the pharyngoesophageal sphincter 
has a clearly identifiable anatomical 
structure. Valsalva! was the first, in 
1707, to recognize the anatomical and 
functional identity of the most caudal 
muscle fibers of the pars cricopharyngea 


of the inferior pharyngeal constrictor, 
for which he proposed the designation 
cricopharyngeal muscle. The fibers of 
this muscle arise bilaterally from the 
cricoid cartilage and, unlike the other 
fibers of the Sesion pharyngeal constric- 
tor, take a horizontal left-to-right course 
without raphe. The most cranial circular 
esophageal muscle fibers probably also 
form part of this pharyngoesophageal 
sphincter. 


A high rest pressure prevails in this 
sphincter at the junction between hypo- 
pharynx and esophagus. Whether clos- 
ure of this area with increased pressure 
is effected by the elasticity of the adja- 
cent tissue or by tonic contraction of 
the muscle fibers, is still uncertain. 


The mechanism of deglutition is acti- 
vated when the food bolus is on the 
base of the tongue. The nasopharynx is 
closed by the soft palate and the larynx 
begins its upward movement. The base 
of the tongue propels the bolus dorso- 
caudally while the larynx reaches its 
highest point beneath the radix of the 
tongue. The epiglottis is reversed cau- 
dally over the closed aditus laryngis. 
By a craniocaudal peristaltic contraction 
of the pharyngeal and hypopharyngeal 
constrictors the bolus is propelled to- 
ward the esophageal inlet, while simul- 
taneously the hypopharynx is pulled 
over the bolus by its elevators. The 
pharyngoesophageal sphincter opens as 
the pharyngeal peristalsis begins, and 
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closes when the bolus has passed. Fur- 
ther transport to the stomach is effected 
by esophageal peristalsis. The larynx 
resumes its rest position, and the epi- 
glottis comes upright again. 


Gravity also plays a role in bolus 
transport. The question remains whether 
the pharyngoesophageal sphincter is 
opened only passively by the displace- 
ment of the laryngeal skeleton, or as a 
result of muscle relaxation; or perhaps a 
combination of the two mechanisms is 
involved. The hypopharyngeal constric- 
tors are innervated mainly by the vagus 
nerve via the pharyngeal plexus and 
sympathetic nerve fibers from the su- 
perior cervical ganglion. No branch of 
the vagus nerve specifically innervating 
the cricopharyngeal muscle has ever 
been demonstrated in man. Local reflexes 
likewise play a role in opening the 
sphincter. It is strange that the pharyn- 
goesophageal sphincter mechanism re- 
mains intact in many neurological dis- 
orders which lead to complete paralysis 
of the hypopharynx. 


CAUSES OF DISTURBED INNERVATION OF 
THE HYPOPHARYNGEAL MUSCULATURE 


Lesions in the brain stem, especially 
of the motor nuclei of the vagus nerve, 
and lesions localized high in the vagus 
nerve proper, give rise to paresis of the 
hypopharyngeal musculature. Even in 
the case of unilateral lesions, severe 
paresis usually results. It is known that 
brain stem lesions can be caused by a 
wide variety of neurological disorders, 
eg, progressive bulbar paralysis, amy- 
otrophic lateral sclerosis, multiple scle- 
rosis, spinocerebellar degeneration, sy- 
ringobulbia and bulbar poliomyelitis. 
Local vascular lesions and tumors, too, 
can give rise to brain stem lesions. High 
vagus nerve lesions can be of traumatic 
origin or associated with polyneuritis or 
tumors near the base of the skull, arising 
from the meningi (meningiomas), the 
nasopharynx (carcinomas) or the area 
of the jugular foramen (jugular glo- 
mus). Possible traumata are neurosur- 
gical operations and extensive opera- 
tions in the craniocervical region, in 
which the vagus nerve cannot always 
be spared. Isolated vagus nerve lesions 
are rare in such cases. Degenerative 
myopathies and myasthenia gravis can 
cause symptoms reminiscent of hypo- 
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pharyngeal paresis, but: in these cases 
the sphincter is usually disturbed as 
well. uo 


SYMPTOMS D 


'The sensation that the passage of food 
is blocked at the level of the laryngeal 
skeleton is generally the most prominent 
complaint of a patient with hypopharyn- 
geal paresis. He has to swallow several 
times to ingest a normal bite of food. 
The patient starts to reduce the size of . 
the bites, and to mash his food. Liquid : 
food generally causes less trouble than 
solid food. Apart from-meals, there is 
also inconvenience because it is difficult 
to swallow saliva. The patient reports 
being inconvenienced by “mucus in the 
throat.” 


When the oropharynx is involved as 
well, the patient reports difficulties in 
moving the food bolus dorsally, which 
in turn makes it difficult to start the 
movement of deglutition. In such cases 
the patient is really handicapped in 
coping with his saliva, and is unable to 
prevent drooling. Frequent choking is 
a symptom which can have serious con- 
sequences. Overflow of food into the 
trachea and larynx causes coughing, and 
aspiration pneumonia is not a rare com- 
plication. 


Hoarseness can be explained in the 
majority of cases by inactivity of one 
half of the larynx as a result of a vagus 
nerve lesion, but in some cases there is 
also laryngitis due to coughing. Of 
course there may be many other symp- 
toms when the hypopharyngeal paresis 
is only one component of a more ex- 
tensive syndrome. 


DIAGNOSIS 


Indirect laryngoscopy supplies impor- 
tant information on the mobility of the 
laryngeal halves and can also reveal 
stasis of secretion in the piriform reces- 
ses and above the esophageal inlet. 


Contrast roentgenography of the hy- 
popharynx and cervical esophagus is an 
indispensable aid in the diagnosis of 
high dysphagia. Barium swallow roent- 
genography has to be done in the lateral 
as well as in the anteroposterior projec- 
tion. For the study of a dynamic event 
such as the act of deglutition; cineradi- 
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ography is indispensable. If this is not 
feasible, careful examination under 
fluoroscopic control may be helpful. 
Roentgenograms$:reveal only a momen- 
tary situation. For example, a roentgen- 
ogram obtained at the exact moment of 
relaxation of the pharyngoesophageal 
sphincter shows adequate passage, but 
the exposure:made a fraction of a second 
later shows à closed sphincter. However, 
the exposure made immediately after 
deglutition can reveal indications of the 
presence of hypopharyngeal paresis. The 
hypopharynx ‘looks. too wide, and re- 
tention of contrast medium is seen in 
the valleculae and piriform recesses, 
-and above the closed sphincter in the 
esophageal inlet. The presence of con- 
trast medium in larynx and trachea in- 
dicates that the patient "passed it the 
wrong way." Not infrequently, these 
findings have been misinterpreted as 
indicating cricopharyngeal spasm or 
achalasia of the pharyngoesophageal 


sphincter. 


Cineradiography and manometry, 
however, clearly demonstrate that the 
disorder is not localized in the sphincter 
but is caused by loss of hypopharyngeal 
function. Anteroposterior cineradiogra- 
phy, for example, can show asymmetri- 
cal features during the passage of con- 
trast medium through the piriform re- 
cesses. The lateral projection makes it 
possible to assess hypopharyngeal peri- 
stalsis and the function of the pharyngo- 
esophageal sphincter. In the case of hy- 
popharyngeal paresis or paralysis, the 
sphincter is observed nevertheless to 
show normal relaxation, and the con- 
trast medium passes the sphincter un- 
hampered. 


Passage takes place as a result of 
gravity, possibly in combination with 
pressure exerted by the base of the 
tongue. Since the propulsive action of 
the pharyngeal and hypopharyngeal con- 
strictors is absent, the normal relaxation 
time of the sphincter is too short to 
allow the passage of the entire food 
bolus. The resulting sensation for the 
patient is that the food remains lodged 
in the throat. 


Intraluminal pressure registrations in 
the zone of transition from hypopharynx 
to esophagus have proved to be a valu- 
able supplemental aid in the diagnosis 


van OVERBEEK-BETLEM 


Lid ou 3 44 E 411 sec 
cm from 


l =50cm H20 
l pressure 
incisors | 


ee ET 
eum 


pharyngo-esophageal 
sphincter 


| | 
€— i---.---- 
21 


“+. cervical esophagus 


— eee respiration 


————— — 


L 
swallow 


Fig. l. Manometry of the pharyngo- 
esophageal segment in a healthy test 
subject. 


of high dysphagia. For these pressure 
registrations we use four polyethylene 
catheters, filled with water and having 
lateral apertures at different levels. The 
pressure which prevails in the digestive 
tract is transmitted by the water in the 
catheters. These four catheters are tied 
in a bundle and connected to electro- 
manometers. It is thus possible simul- 
taneously to determine and register the 
resting pressure and pressure variations 
during deglutition. During application 
of this so-called open-tip method, the 
apertures in the catheters can become 
blocked by the readily pliable mucosa. 
To prevent this, a small but constant 
flow of water through the catheters is 
maintained. The four apertures are 3 
cm apart, and have the same radial ori- 
entation (always dorsally ). The bundled 
catheters are swallowed by the patient, 
and the bundle is manually moved until, 
for example, the third catheter aperture 
counted from cranial lies in the in- 
creased resting pressure zone of the 
pharyngoesophageal sphincter. In that 
case the first and the second aperture 
lie in the hypopharynx, 3 cm and 6 cm 
above the sphincter, respectively; the 
fourth aperture lies in the cervical eso- 
phagus 3 cm below the sphincter. Simul- 
taneous pressure registration of this seg- 
ment is thus possible during deglutition. 
Under normal conditions the hypopha- 
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ryngeal contraction produces a rapid 
increase in pressure at the first and the 
second aperture from cranial. At the 
same time, relaxation of the sphincter 
causes a pressure | pamana which is 
registered at the third aperture, while at 
the fourth aperture an increase in pres- 
sure is registered slightly later as a result 
of the peristaltic contraction in the 
cervical esophagus (Fig. 1). 


In the case of hypopharyngeal pa- 
ralysis, no or only insufficient pressure 
is built up in the hypopharynx due to 
the absence of adequate hypopharyn- 
geal constriction. The pressure registra- 
tion shows, however, that the increased 
resting pressure in the sphincter and the 
rapid decrease in pressure resulting 
from relaxation during deglutition do 
remain demonstrable when a purely 
neurological disorder is involved (in 
contrast to degenerative abnormalities 
such as myopathies, in which the sphinc- 
ter function can be disturbed as well). 


Patients in whom cineradiography and 
manometry reveal distinct indications of 
hypopharyngeal paresis, are treated on 
the basis of the symptoms and such 
complications as may develop (eg, re- 
current aspiration pneumonia). When 
this treatment is instituted early enough, 
tracheotomy can perhaps be avoided. 


THERAPY 


Although the cause of the dysphagia 
lies in the disturbed hypopharyngeal 
motoricity, therapy has to focus on the 
pharyngoesophageal sphincter. This 
therapy is very similar to that of acha- 
lasia, in which the gastroesophageal 
sphincter is dilated (mechanically or 
pneumatically) or divided (Heller oper- 
ation.)^? Dilation of the pharyngo- 
esophageal sphincter by means of probes 
or a rigid esophagoscope can improve 
the symptoms but cannot be expected 
to produce a good permanent result. 


Kaplan*? may be assumed to have 
been the first to perform an extramu- 
cosal myotomy of the pharyngoesopha- 
geal sphincter on patients with hypo- 
pharyngeal paresis. These were patients 
with bulbar poliomyelitis, and his re- 
sults were good. Bofenkamp,? too, per- 
formed successful myotomies on pa- 
tients with bulbar poliomyelitis. 


Myotomy of the pharyngoesophageal 
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sphincter has since been performed on 
a larger scale? After abolition of the 
sphincter function between hypophar- 
ynx and esophagus, passage of the food 
bolus is no longer restricted to the brief 
relaxation time of the sphincter but can 
also take place without movement of 
deglutition. Follow-ups after myotomies 
of the pharyngoesophagéal sphincter 
(used also in the treatment of hypo- 
pharyngeal diverticula), either extramu- 
cosally by an approach via a cervical 
incision or permucosally by an endo- 
scopic approach (as used in our depart- 
ment)?" have showrt that aerophagy re- 
mains absent. Reflux of gastric contents 
to the mouth through an insufficient 
gastroesophageal sphincter is not ob- 
served after myotomy of the sphincter 
in the esophageal inlet. 


Most authors approach the pharyngo- 
esophageal sphincter via a lateral cer- 
vical incision along the anterior margin 
of the sternocleidomastoid muscle. Once 
the sphincter is dissected free, an esoph- 
agosope or probe is introduced and the 
transverse sphincter fibers are divided 
down to the mucosa. Mills'?'? uses an 
operation microscope during this divi- 
sion. We, too, approach via an incision 
along the anterior margin of the sterno- 
cleidomastoid muscle. In the case of 
hemilaryngeal paralysis we operate on 
the paralyzed side, because there is al- 
ways a risk of damaging the recurrent 
nerve. Applying dorsal traction to the 
sternocleidomastoid muscle together 
with the vascular nerve strand beneath 
it, we divide the omohyoid muscle and 
ligate and sever the inferior thyroid 
artery, thus ensuring an adequate view 
of the lateral pharyngoesophageal seg- 
ment. To prevent a lesion, the recurrent 
nerve is located. A more dorsal view of 
the sphincter zone can be ensured by 
torsion of the larynx. Next, an esoph- 
agoscope (with distal light) is intro- 
duced into the esophageal inlet. Making 
use of transillumination given by the 
distal esophagoscope light in the dark- 
ened operating room, the muscle fibers 
can be divided down to the mucosa. The 
operation microscope has proved to be 
a valuable aid in this procedure. This 
technique carries only a small risk of 
making a perforation. We divide not 
only the cricopharyngeal muscle, but 
also the muscle fibers of the most crani- 


600 


750cm H20 


cm from ; l pressure 
incisors 


Miseni ee, re aget gi 


hypopharynx 


M ae tte 


i pharyngo-esophageal 
sphincter 








P uu 
swallow 


van OVERBEEK-BETLEM 


n 1 aL sec. 
cm from 


=50cm H20 
pressure 
incisors 
(fei Se e 


hypopharynx 


14 ~~ LN 


————À ~~ pharyngo-esophageal 
ares ss >> a oe sphincter 


ee ~ cervical esophagus 


Ny respiration 
— 


u 
swallow 


Fig. 2. (Case 1) A) Preoperative manometry of the pharyngtesorbagual segment. 


The two upper curves show diminished innenypapharvged 
curves of the pharyngoesophageal sphincter an 


pressure at deglutition. The 
d cervical esophagus show a normal course 


of pressure. B ). Postoperative pud of the pharyngoesophageal segment. The curve 
1 


of the pharyngoesophageal sphincter s 
compared with A. 


al segment of the esophagus. The total 
length of the myotomy is thus about 5 
cm. After division, the retracting muscle 
fibers are undermined down to the mu- 
cosa because formation of connective 
tissue between the ends can effect func- 
tional restoration. 


A suction drain is placed in position 
and the wound closed in layers. The pa- 
tient is restricted to liquid food for two 
days, and then gradually accustomed to 
food of firmer substance. 


CASE REPORTS 


We have used the above procedure in 
the treatment of nine patients: four men 
and five women, aged 22-80 (mean age 
62.5). The myotomy led to very sub- 
stantial improvement or complete dis- 
appearance of symptoms in five cases. 
Three patients experienced partial im- 
provement of the dysphagia but no 
longer choked; the latter can be de- 
scribed as an important beneficial effect. 
One patient (aged 67) died a few days 
after the operation from cardiac de- 
compensation. 


In three patients the cause of the hy- 
popharyngeal paresis was not entirely 
clear. It may have been caused by a 
vascular accident in the brain stem. One 
patient had amyotrophic lateral scle- 


ows a distinct decrease in resting pressure as 


rosis; another suffered from progressive 
bulbar paralysis. In four patients the 
hypopharyngeal paresis had resulted 
from a necessary surgical intervention 
for a process at the base of the skull. 
Two patients will now be discussed by 
way of illustration. 


Case 1. A male, aged 20, with a chon- 
droma at the level of the clivus, showed 
paresis of the 9th, 10th, 11th and 12th 
cranial nerves prior to operation. After 
extirpation of the tumor, marked dys- 
phagia with aspiration necessitated tra- 
cheotomy and gastrotomy. When no im- 
provement at all was seen after two 
weeks, barium swallow roentgenog- 
raphy and manometry were carried out 
for further diagnosis (Fig. 2A). The 
findings clearly indicated hypopharyn- 
geal paresis with an intact pharyngo- 
esophageal sphincter, thus providing an 
indication for myotomy. 


Since the left half of the larynx was 
paralyzed, the operation was performed 
via a left cervical incision. There were 
no exceptional technical difficulties, and 
the postoperative course was uneventful. 
The dysphagia showed considerable im- 
provement within a few days of the 
operation, and both the tracheotomy and 
the gastrotomy were abolished after 11 
days. Pressure registrations six weeks 
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Fig. 3. (Case 2) A) Preoperative barium swallow. Retention of contrast medium is 
seen in the wide hypopharynx; overflow of contrast medium into the mE B) Post- 


operative barium swallow. Unhampered passage through the pharyngoesop 


ageal sphinc- 


ter. Cineradiography showed that this passage was possible over a longer period of time. 


after the operation showed an unmistak- 
able decrease of the resting pressure in 
the sphincter (Fig. 2B). One year after 
the operation, cineradiography and ma- 
nometry revealed that the hypopharyn- 
geal paresis had remained unchanged, 
but the patient could swallow without 
difficulty. 


Case 2. A suprasellar meningioma in 
a female aged 62 was extirpated. Within 
a few months of the operation she com- 
plained of food being lodged at the 
level of the larynx, and of frequent 
choking. Repeated attempts at dilation 
with probes were futile, and on several 
occasions the patient required treatment 
for aspiration pneumonia. The preopera- 
tive barium swallow roentgenogram is 
shown in Figure 3A. Retention of con- 
trast medium in a wide hypopharynx 
is clearly visible, as is overflow of con- 
trast medium into the larynx. Cineradi- 
ography revealed good relaxation of the 
pharyngoesophageal sphincter, but the 
rate of passage was too low due to 
absence of hypopharyngeal peristalsis. 


Manometry of the pharyngoesopha- 
geal segment revealed normal sphincter 
function but absence of an increase in 
pressure in the hypopharynx during de- 
glutition. These findings decided us in 


favor of a myotomy. In this case, too, 
the operation was performed without 
any complication, and distinct improve- 
ment of deglutition was indicated by 
the patient on the very first postopera- 
tive day. After ten days, she could eat a 
full meal for the first time in many years. 


The postoperative barium swallow 
(Fig. 3B) showed a completely open 
sphincter, and cineradiography revealed 
that more prolonged passage was pos- 
sible because the sphincter function had 
been abolished. Postoperative manom- 
etry disclosed that the resting pressure 
in the sphincter was much lower than 
before the operation. When recently 
(nine months after the operation) we 
saw this patient at the out-patient clinic, 
she expressed her gratitude for the fact 
that the operation had put an end to 
her dysphagia of many years. 


DISCUSSION 


It is our impression that symptoms of 
high dysphagia are sometimes too readi- 
ly interpreted as globus symptoms. 
When patients have unmistakable diffi- 
culties during meals and indicate fre- 
quent choking, focused diagnostic pro- 
cedures are indicated. Manometry and 
cineradiography of the pharyngoesoph- 
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Fig. 4. Typical pressure-flow recordings of normal subjects and patients with ME 
disease during inflation-deflation studies. The first and second horizontal rows are 
pressure-flow traces of equilibration of applied positive ME pressure (inflation), where- 
as the responses to ME negative pressure (deflation) are shown in rows three and four. 
The arrows on the traces mark the duration of ET opening (Ta). 


of the ET, the pump continued to deliver a 
constant flow rate. This held the ET open. 
After a steady-state condition for ME pres- 
sure and flow rate through the ET was 
reached, the subject was instructed to swal- 
low. Thus, the increased dilation due to ac- 
tive muscle function was assessed. An example 
of the forced-response test is shown in Fig- 
ure 2. 


Active openings of the ET during volun- 
tary dry swallowing and during swallowin 
of small amounts of water, called wet swal- 
lowing, were compared. This was to deter- 
mine which type of swallowing induces ef- 
fective and reproducible tubal opening. Fig- 
ure 3 shows the comparison of these two kinds 
of swallowing for the equilibration of applied 
ME pressure. The tubal openings were more 
consistent and dilations were larger during 
dry swallowing. Therefore only dry swallows 
were used during the study. 


In every testing session, the same proce- 
dural sequence was used. The testing began 
with an initial determination of the forced- 
opening pressure. The ME cavity was pres- 
surized at a rate of 13 mm H;O/sec until 
the ET spontaneously opened. Then the pum 
was stopped and valve 1 (Fig. 1) was c jen d 
disconnecting the pump volume from the 
testing volume (28.6 cc). The patient was in- 
structed to dry swallow at will. 


After this equilibration attempt, the ME 
was inflated at a rate of 28 mm H.O/sec. The 
pressure was increased to 250 mm H:O or 60% 


of the forced-opening pressure, whichever was 
less. This was a precaution taken to prevent 
passive tubal openings from sustained ME 
over-pressure, After attempting to equilibrate 
applied positive pressure, the ME pressure 
was decreased to negative 250 mm H:O at 
the previous pressure rate. Again the subject 
was instructed to swallow at will to equili- 
brate. This inflation-deflation test was repeated 
until three data points for each pressure inter- 
val of 50 mm H.O were obtained. Valve 1 
was always closed after the desired ME pres- 
sure level had been reached. 


Then the forced-response test was con- 
ducted using five discrete pump speeds de- 
livering flow rates of 3, 5.5, 12, 22.5, and 44 
cc/min, respectively. These flow rates approx- 
imately corresponded to ME inflation rates of 
6, 13, 28, 47 and 102 mm H;O/sec. The pump 
speeds were chosen in a random order. Upon 
completion of a test with a given flow rate, 
a five-minute rest period was allowed before 
starting with a different pump speed. This 
presumably permitted the ET to return to 
normal, 


RESULTS 


The results are presented in two sec- 
tions: 1) inflation-deflation test and 2) 
forced-response test. The data for the 
normal group are presented as the means 
and standard deviations for the mea- 
sured parameter. However, the data 
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Fig. 5. Duration of ET opening (T4) during active equilibration attempts as a 
function of applied ME pressure (Ps). Mean values for six normal subjects are shown 
by open circles over an ME pressure range of —250 mm H:O to 150 mm H:O (upper 
left frame). Confidence intervals represent one standard deviation of the mean. The 
other frames depict data points from five patients with ME disease. Note that the dura- 
tion of tubal opening is independent of the ME pressure level for normal subjects. 


points for each individual in the abnor- 
mal group are shown in order to eluci- 
date the variations from the normal 
group. 

Inflation-Deflation Test. Examples of 
pressure-flow recordings during this test 
are shown in Figure 4. The first two 
columns are recordings from normal sub- 
jects and the following three columns 
are from three subjects with ME disease. 
Patients in the abnormal group had ac- 
tive tubal openings that showed reduced 
ET dilations. This was indicated by the 
magnitude of the pressure drop ( AP), 
the maximum flow rate (Qux), and the 
total volume of flow (V) passing 
through the ET during swallowing. The 
area of the flow-time trace is the mea- 
sure of the total volume of flow. Dura- 
tion of ET opening (T4) is shorter for 
patient 21. 


The tubal opening duration as a func- 
tion of applied ME pressure (Ps) is 
shown in Figure 5 for the normal group 
and for the five individual subjects of 
the abnormal group. The top left frame 
shows that the duration of tubal 
opening was not affected by the ME 


pressure in normal subjects. Between 
applied ME pressures of -250 and 
150 mm H.O, the duration was 
independent of the pressure level. This, 
however, was not the case for the ab- 
normal subjects. Subject 22 showed 
active openings of the ET for all 
tested values of ME pressure with 
variable duration. In this case, ET 
opening duration ranged between 
0.15 and 0.34 seconds as a func- 
tion of ME pressure. Subjects 4, 21, and 
10 exhibited active openings for a 
limited range of ME pressures, and the 
duration of tubal opening was affected 
by the pressure level. No active open- 
ings were recorded with patient 13. In 
the abnormal group, the duration of ET 
opening did not show a discernible de- 
pendence on, or independence of, the 
magnitude of the applied ME pressure. 


Airflow characteristics through the ET 
during inflation-deflation tests are shown 
in Figure 6. The relationships between 
maximum airflow rate ( Qux), total vol- 
ume of air passing through the ET (V), 
and change in ME pressure (AP) asa 
function of applied ME pressure (Py) 
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Fig. 6. Maximum airflow (Qmxax) 
through the ET (top), total volume of 
air (V) passing through the ET (mid- 
dle), and change in ME pressure ( AP) 
(bottom) during one swallow; all are 
plotted against applied ME pressure 
(Px). Mean values for six normal subjects 
are denoted by open circles and the con- 
fidence intervals are for one standard de- 
viation of the mean. Symbols represent 
data points for patients 4 (W), 10 (A), 
13 (4), 21 (m), and 22 (€). For the 
normal group Qmax, V, and P are linear 
functions of Psx between ME pressure 
levels of —200 to 100. The data points 
for Qsax adapted from Flisberg’s* study 
of normals (©) are in close agreement 
with the present study. Also, the data 
points for V adapted from the study by 
Rundcrantz? of normals is shown by a 
symbol (©). AP is not compared with 
previous studies, since the magnitude of 
AP depends on the volume of the man- 
ometric monitoring system. 


were plotted. In normal subjects, these 
three parameters of airflow exhibited a 
linear dependence on the applied ME 
pressure (between -200 and 100 mm 
H:O). The individual data points docu- 
ment the responses of subjects with a 
history of ME disease, reflecting reduced 
dilations of ET during active openings. 
The differences between normal and ab- 
normal subjects were easily identifiable. 


Two previous studies of inflation- 
deflation tests on normal subjects are 
shown in the top and middle frames. 
Data points for the maximum airflow 
rate at two levels of applied negative 
ME pressure are in close agreement with 
the present investigation (top frame).* 
Also, the previous data for total volume 
of air passing through the ET are within 
the limits of the normal group's response 
in this study (middle frame).? This vol- 
ume corresponds to an average applied 
positive ME pressure of 30 mm H.O. 


Forced-Response Test. During this test, 
the ET function was assessed by eval- 
uating three parameters: the forced- 
opening pressure (Pp), the passive tubal 
resistance (Ro), and the active tubal 
resistance (R4). Examples of tubal re- 
sistance studies are shown in Figure 7. 
The recordings presented here are pres- 
sure-flow traces following the forced 
opening of the ET due to ME over-pres- 
sure. The top two frames show tubal 
resistance studies in two normal sub- 
jects. The ET was held open by contin- 
uous airflow. This steady-state pressure- 
flow condition through the ET was tem- 
porarily perturbed when the subject 
swallowed. During active function 
(swallowing), the tubal lumen was fur- 
ther dilated. This was displayed as a 
transient spike in flow rate and an abrupt 
drop in ME pressure. Following this ac- 
tive opening, the ME pressure gradually 
resumed its steady-state level since the 
pump maintained a constant airflow. 
The passive tubal resistance (Ro) is de- 
fined as the pressure-flow ratio at this 
steady state. The active tubal resistance 
(R4) is defined as the ratio of ME pres- 
sure (prior to active opening) to maxi- 
mum flow rate during swallowing. 


The bottom two frames in Figure 7 
show tubal resistance studies of two ab- 
normal subjects. The most striking dif- 
ference between normal and abnormal 
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Fig. 7. Examples of forced-response studies for normal subjects and 
ME disease. All frames are for constant flow source delivering a nomin 
flow rate. The top two frames illustrate recordings from two normal subjects. A ten- 


fold increase in flow, denoted by spikes in the flow trace, corresponds to voluntary swal- 
lowing. During this muscular dilation of the ET, ME pressure drops temporarily. The 
constant flow Builds up the pressure to a steady-state level at which the passive tubal 
resistance is calculated. The left bottom frame shows a recording from a patient with 
ME disease. Note that the active dilation of the ET during swallowing is quite small 
in comparison to normal subjects. The tube stays open about 1.5 seconds and there is a 
drop in the pressure level. The right bottom frame depicts a recording of another pa- 
tient with ME disease. The swallowing activity is quite ineffective in further dilating the 
ET while a constant flow of air is passing through it. Note that following the swallow, 





the tube closes and, instead of a drop in ME pressure, there is a slight increase. 


subjects is the magnitude of the flow 
spike during swallowing. In the normal 
subjects, the swallowing activity in- 
duced a ten-fold increase in the flow 
rate, whereas in the abnormal subjects 
the change was very small, indicating 
ineffective tubal dilation during active 
opening. In subject 10, the active open- 
ing mechanism dilated the ET two-fold 
above the predilated state. But in sub- 
ject 21, the swallowing induced constric- 
tions of the ET lumen (increase in ME 
pressure and decrease in flow rate). 


Forced-opening pressure (Py) as a 
function of the application rate of ME 
pressure (P) is graphed in Figure 8. 
Forced-opening pressure increases with 
higher rates of ME inflation. In the 
normal group, passive opening of the ET 
by ME over-pressure varied from 320 to 
400 mm H.O depending upon the ap- 
plication rate. Forced-opening pressure 
of the ET in normal subjects was re- 


ported by Elner et al,* who used a single 
ME inflation rate of 40 mm H.O/sec 
to open the ET. The results of the one 
flow rate used by Elner et al were sim- 
ilar to the findings in the present study. 
In the abnormal group, subjects 4, 10, 
and 21 had considerably higher forced- 
opening pressures than the normal sub- 
jects. Also, the forced-opening depen- 
dence on the application rate of ME 
pressure was more pronounced. Subject 
22 exhibited lower opening pressures, 
but subject 13 was within the limits of 
the normal group. Four subjects of the 
abnormal group could be separated from 
the normals by evaluating this parame- 
ter of tubal function. 


Passive (Ro) and active (R4) tubal 
resistances were computed for the 
steady-state airflow rates (Qo) between 
5.5 and 44 cc/min. Flow rates below 5.5 
cc/min could not be used for resistance 
studies because most ET exhibited an 
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Fig. 8. Relationship between the 


forced-opening pressure (Pr) and the ap- 


plication rate of ME pressure (P). Open 
circles connected by a solid line and con- 
fidence limits denote mean values and 
one standard deviation of the mean for 
six normal subjects. Mean values for five 
patients with ME disease are shown by 
the same symbol convention as Figure 6. 
Symbol (©) displays data adapted from 
the Elner et al* study of normals. Note 
that increasing the ME inflation rate 
raises the forced-opening pressure and 
this rate dependence is more pronounced 
for patients with ME disease. 


unstable behavior manifested by flutter- 
like flow patterns. The patients were 
uncomfortable when flow rates in excess 
of 44 cc/min were employed. These two 
conditions determined the upper and 
lower limits of the resistance studies. 
The relationship between tubal resis- 
tance and airflow rate is shown in Figure 
9. The top frame depicts the passive 
tubal resistance (Ro) monotonically de- 
creasing with increasing predilating flow 
rate (Qo). With the exception of subject 
22, all of the patients in the abnormal 
group had higher passive resistances 
than did the subjects of the normal 
group. The one data point adapted from 
the study by Elner et al* of normals is in 
close agreement with the results obtained 
from our normal subjects. The bottom 
frame shows that the active tubal resis- 
tance (R4) of the normal group is inde- 
pendent of the predilating flow rate 
(Qo). Subjects in the abnormal group 
(except subject 22) had considerably 
higher active resistances. The active 
tubal resistances of subjects 10 and 13 
showed definite dependence on the pre- 
dilating flow rate. These two measures 
of ET resistance, especially active re- 
sistance, discriminated four abnormal 
subjects from the normals. 


In an effort to combine the passive 
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Fig. 9. Passive tubal resistance (Ro) 
(top) and active tubal resistance (Ra) 
(bottom) as a function of steady-state 
airflow rate (Qo). For six normal sub- 
jects, the mean values for passive tubal 
resistance and active resistance are shown 
by open circles connected by solid lines. 
Confidence intervals represent one stan- 
dard deviation of the mean. Patients with 
ME disease are symbolized by the same 
convention as Figure 6, Passive tubal re- 
sistance data adapted from Elner et al' 
are shown by (©). Increased constant 
flow rate reduces the passive tubal resis- 
tance (top). Note that the active tubal 
resistance for normal subjects is less than 
2mm H.O/cc/min and is independent of 
Qo (bottom). 


and active resistance in one measure 
which could discriminate the normal 
from the abnormal subjects, the ratio of 
these two resistances was computed. 
The ratio of passive to active tubal re- 
sistance (Ro/R4) as a function of the 
steady-state airflow rate (Qo) is shown 
in Figure 10. For the normal group, the 
resistance ratio decreased steeply for the 
flow range of 5.5 to 22.5 cc/min, and 
then it remained unchanged, at about a 
value of five with increasing flow rates. 
This measure clearly discriminated all 
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Fig. 10. The ratio of passive tubal re- 
sistance to active tubal resistance (Ro/ 
Ra) as a function of steady-state airflow 
rate (Qo). Data points for six normal pa- 
tients are shown by open circles con- 
nected by a solid line. Confidence inter- 
vals correspond to one standard devia- 
tion of the mean. Patients with ME dis- 
ease are illustrated as in Figure 6. A ra- 
tio of one means that there was no in- 
creased dilation of the ET during swal- 
lowing. 


five subjects of the abnormal group 
from the normals. Abnormal subjects ex- 
hibited individual differences, possibly 
dependent upon the various mechanisms 
of their tubal dysfunction. An extreme 
case of ventilatory dysfunction was dem- 
onstrated by subject 13. For the total 
range of flow rates, the resistance ratio 
remained at one. This type of response 
indicated a complete lack of an active 
mechanism for dilating the tubal lumen. 


DISCUSSION 


The most significant finding in this 
study was that the modified inflation- 
deflation test as described originally by 
Flisberg, et al* could discriminate be- 
tween some, but not all, subjects with 
normal and abnormal ET function. The 
forced-response test appeared to be a 
better method to determine the degree 
of actual tubal function, since the main- 
tenance of a continuous airflow through 
the ET eliminated the viscous forces of 
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the intraluminal mucus, UE to a de- 
scriptive recording of tubal dilations by 
the tensor veli palatini muscle contrac- 
tions. The combination of passive and 
active tubal resistance in a ratio form 
could normalize the geometric differen- 
ces between individuals, revealing a 
quantitative measure for tubal dilation 
efficiency (Fig. 10). 


Only 11 subjects out of a total group 
of 30 completed all three testing sessions 
and provided sufficient data to be in- 
cluded here. Although all participants in 
the study volunteered, subject compli- 
ance was low because of the tedious, 
time-consuming nature of the testing. 
Therefore, the data base obtained for 
normal and abnormal groups was limited 
in size. 


In comparison to the normals, the ab- 
normal subjects had remarkably variable 
ET function results during the inflation- 
deflation test and the forced-response 
test. In both groups, voluntary dry 
swallowing seemed to be a more effi- 
cient maneuver than wet swallowing for 
inducing active ET openings. In the 
normal group, the duration of active 
opening was independent of the applied 
ME pressure. Hence, the airflow through 
the ET was a linear function of the pres- 
sure gradient between the ME and the 
nasopharynx. 


Data presented in Figures 5 and 6 
suggest that the normal ET opens by a 
fixed displacement of the tubal walls. 
This is accomplished by the pull of the 
tensor veli palatini muscle which con- 
tracts during swallowing.'^"' The dur- 
ation of tubal opening is dependent 
on the time elapsed during two events. 
The first is the time span in which the 
tensor muscle is in a contracted state, 
separating the tubal walls. The second 
is the time required for the walls to re- 
turn to the resting closed position. 
There is no anatomical evidence of a 
paratubal muscle responsible for tubal 
closure. Therefore, the closing phase 
is probably controled by the elastic 
properties of the tubal walls, the mass 
and the extramural pressure of the sur- 
rounding tissue, and, most significantly, 
the stiffness of the cartilage which sup- 
ports the medial wall. These three fac- 
tors can be lumped as the "spring con- 
stant” of the ET. Assuming that the 
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muscle contraction has a ‘constant 
duration with very little deviation 
among individuals, the constancy of 
the opening duration reflects the consis- 
tency of tubal closure mechanisms. This 
suggests that in normal people there is 
only slight variation in the firmness of 
ET elastic support and the degree of 
tubal compliance. Mechanically, the nor- 
mal ET behaves like a flow-limiting de- 
vice controlled by the tensor veli palatini 
muscle contractions and the spring 
constant of the ET. The ME pressure 
independence of opening duration could 
indicate adequate functional stiffness to 
maintain good ME ventilation. 


Adequate tubal stiffness can effective- 
lv transmit the tensile force exerted by 
the muscle to the ET walls, facilitating 
active opening. With the exception of 
subject 13, active tubal openings were 
observed at some level of ME pressure 
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in the abnormal group. But the pressure 
dependence of the opening duration 
(Fig. 5) and the reduced dilations of the 
lumen (Fig. 6) suggest that the muscle 
tension was not effectively transmitted 
to the tubal walls. This ineffectual mus- 
cle pull was also demonstrated during 
active resistance studies in which the 
intraluminal factors (such as mucus) 
were avoided by predilating the ET 
(Fig. 9). All this evidence may be indi- 
cative of a more compliant conduit 
where the elastic properties of such a 
tube prevent normal active openings. 
Hence, the tubal dysfunction in the ab- 
normal group may stem from ET com- 
pliance problems rather than myogenic 
causes." But the differences in basic 
muscle physiology cannot be discarded 
totally since comparative data based on 
electromyographic studies of the tensor 
veli palatini muscle contraction are lack- 
ing. 
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Functional aspects of cochlear prostheses implanted in the scala tympani were tested in 
monkeys trained to perform a simple reaction-time task. Thresholds for detection of electrical 
stimulation and dynamic ranges were tested for a wide range of frequencies of sinusoidal stim- 
ulation and for biphasic rectangular pulses of various durations and repetition rates. The re- 
sults are comparable with available data from implanted human patients and extend these 
findings, exploring various aspects of electrical stimulation in greater detail. 


Although a number of human patients 
have been implanted with electrode 
prostheses in various parts of the coch- 
lea," many questions exist of both a 
practical and basic nature concerning 
the use and usefulness of electrical stim- 
ulation of the auditory nerve. A need 
exists for an animal model in which 
long-term systematic studies of hearing 
function and stability can be made un- 
der well-controlled laboratory condi- 
tions and in conjunction with physio- 
logical and histopathological studies. 
Psychophysical evaluation of implant 
function necessarily plays a major role 
in the development of such a model. 


Behavioral techniques are available 
which allow accurate and reliable mea- 
surements of thresholds, suprathreshold 
(loudness) functions and dynamic 
ranges, and frequency and intensity dis- 
crimination in animals." These tech- 
niques have been demonstrated to be 
effective in studies of both normal hear- 
ing and experimentally induced pathol- 
ogies. Results obtained in monkeys are 
comparable to those using the same 
techniques in humans.!^"! In evaluating 
prosthesis function with this model our 
attempt has been first to provide para- 
metric observations on threshold and 
dynamic-range characteristics of elec- 
trically-elicited hearing function with 
simple stimuli and then to extend our 


observations to include studies of both 
simple and complex discriminations. 


In this paper we report data on 
thresholds and dynamic ranges for vari- 
ous parameters of sinusoidal and pul- 
satile electrical stimulation presented via 
multielectrode scala tympani implants 
in monkeys. 


METHODS AND MATERIALS 


Subjects. This report is based on observa- 
tions on ten implanted ears in six monkeys. 
The subjects were male macaque monkeys ( M. 
mulatta and M. nemestrina) ranging in age 
from 2.3 to 4.5 years. The monkeys were 
trained to perform a simple reaction-time task 
using acoustic stimuli and then implanted on 
one side with a cochlear prosthesis. They were 
then tested using electrical stimulation via the 
prosthesis, alternated with acoustic stimulation 
to the contralateral ear. At the completion of 
this testing, four of the monkeys were im- 
planted with a second prosthesis in the con- 
tralateral ear and retested. 


Implants. The implants consisted of four 
or more Teflon9-coated, l-mil platinum-iridi- 
um wires (Medwire Corp., Mt. Vernon, NY) 
flamed to produce a bare spherical tip approx- 
imately 180 um in diameter (Fig. 1). The 
wires were imbedded in a Silastic® rubber 
(Dow-Corning, Midland, MI) mold with the 
exposed spherical tips resting on the surface. 
Arrangement and spacing of electrodes was 
varied from implant to implant. Eight of the 
implants had tubular Silastic® carriers with di- 
ameters varying from approximately 0.45 to 
0.84 mm, and two had carriers constructed 
from a mold of the monkey scala tympani and 
had diameters of approximately 1.0 mm. The 
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Fig. 1. Example of a cochlear prosthesis 
used in these studies. A) Enlargement of 
the portion of the prosthesis inserted in 
the scala tympani showing one arrange- 
ment of the platinum-iridium ball elec- 
trodes in the Silastic? carrier. The pros- 
thesis was flexible and could be molded 
to the approximate curvature of the scala 
tympani. B) View showing the prosthesis 
with the cable connecting it to a plug 
which was mounted on the skull. Also ex- 
tending from the plug is the stainless 
steel reference electrode wire. 


molded implants were similar in design to 
those used by Michelson’ in human patients 
and by Merzenich et al? in cats. 


Implant Surgery. Implantation was carried 
out under standard aseptic conditions. An in- 
cision was made extending from the tip of the 
mastoid process medially toward the occiput 
and then curving anteriorly becoming parallel 
to the midline and ending at a point near the 
midline about 1 cm anterior to the pinna. A 
large anterior-inferior skin flap based on the 
pinna and its attachments was thus created. 
The flap was elevated until the area of the 
temporal line leading to the external auditory 
canal was identified. In the first surgeries, a 
mastoidectomy was carried out using a Kerr 
drill? and cutting mills. In later surgeries the 
bony external auditory meatus was merely en- 
larged about 3 mm posteriorly and superiorly. 
Dissection was continued medially until the 
antrum was entered and the tympanic mem- 
brane could be reflected anteriorally exposing 
the fossula of the cochlear fenestra. In initial 
surgeries this exposure caused damage to the 
facial nerve and occasionally the lateral semi- 
circular canal. When less mastoid cortex was 
removed, these structures were consistently 
preserved. The anterior-inferior lip of the fos- 
sula was removed sufficiently with a diamond 
burr to provide good visualization of the sec- 
ondary tympanic membrane. This membrane 
was removed, and the cochlear prosthesis was 
carefully introduced into the scala tympani 


*Kerr Mfg. Co., Detroit, MI. 
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with the ball electrodes oriented toward the 
basilar membrane. It was not certain, how- 
ever, that the orientation persisted during ad- 
vancement. The prosthesis was advanced until 
any significant resistance was encountered; in 
all instances it could be advanced 5-8 mm so 
that all of the electrodes were within the scala 
tympani. The lateral aspect of the prosthesis 
was secured to bone in the area of the annular 
sulcus with Durelon9.*? An incision was then 
made through the scalp muscles extending 
linearly from the external auditory canal to 
the anterior edge of the original incision. This 
was carried down to periosteum. Muscle and 
periosteum were then removed from the cepha- 
lad edge of this incision for an area approxi- 
mately 1% by 1% cm. The plug connected to 
the wires extending from the cochlear implant 
was secured to the skull at this point using 
stainless steel or Vitallium9 alloy screwst and 
methyl methacrylate. An additional stainless 
steel screw was placed in bone over the mas- 
toid process and a bare stainless steel wire 
(reference electrode) was led from the plug 
and wound around this screw. The muscle was 
then carefully approximated over the wires ex- 
tending from the cochlear implant to the con- 
necting socket using 3-0 chromic cat gut. The 
skin was then approximated with interrupted 
sutures, with the skin incision and the muscle 
incision kept distant from one another. At the 
end of the surgery the external auditory meatus 
on the operated side was infused with Cortis- 
porin® ointment (polymyxin f-bacitracin-neo- 
mycin-hydrocortisone ). Most of the monkeys 
were placed on a 7-day course of Bemacol® 
(chloramphenicol solution) beginning on the 
day of surgery. 


In some cases neomycin was administered 
via the round window at the time of implant 
surgery. In two cases, the implant was dipped 
in a neomycin sulfate solution before inser- 
tion into the round window. In three cases a 
100% (w/v) neomycin sulfate solution was in- 
fused via the round window prior to inser- 
tion of the implant. For the remaining five 
implants, no neomycin was administered. 


In most animals, behavioral testing with 
electrical stimulation via the implant was be- 
gun 24 hours after the implantation and was 
continued on a daily basis for period up to 11 
months. 


Electrical Stimulation and Calibration. Most 
of our studies involved stimulation between 
various pairs of electrodes in the implant. In 
some instances we also examined effects of 
stimulating between one electrode in the im- 

lant and the external reference electrode, or 
between a combination of two electrodes in 
the implant and the reference electrode. 


All electrical stimuli were delivered through 
a constant-current source (described in detail 
elsewhere). Basically, the constant-current 
stimulator consisted of an operational ampli- 
fier with the implant electrodes placed in its 
feedback loop. Sine-wave stimuli generated by 
a programmable frequency synthesizer! f and 


**Premier Dental Products Co., Norristown, PA. 
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1tRockland Corp. Model 5100, Rockleigh, NJ. 
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biphasic rectangular pulses generated by a 
commercial stimulator? or by a pulse gener- 
ator built in-house provided inputs to the con- 
stant-current stimulator. In both cases inten- 
sity was controlled by a programmable atten- 
uator.?? All sinusoidal stimuli were gated by a 
tone switch} with 5 msec rise and fall times. 
Stimulus intensities were preselected and pre- 
sented under computer control using the meth- 
od of constant stimuli with intensity changed 
after each trial. Typically 20 trials per inten- 
sity were presented in a daily session, Fre- 
quencies of sinusoidal stimulation varied from 
8 Hz to 64 kHz. An example of the biphasic 
rectangular current pulse is shown in Figure 
6, inset. Total pulse duration (D) varied from 
80 usec to 62 msec. In all cases the pulse was 
positive for 44% of the total duration and neg- 
ative for 44% with a period separating the two 
pulses that was 12% of the total pulse dura- 
tion. This particular configuration was chosen 
so that the results of the behavioral studies 
could be compared with those obtained in elec- 
trophysiological studies performed in identi- 
cal preparations.“ Fourier analysis of these 
pulses showed the maximum current magni- 
tude to be centered at a frequency correspond- 
ing approximately to the inverse of the pulse 
duration. } 1 


Stimulating currents were monitored through- 
out the experiment by measuring the voltage 
drop across a 1 k® resistor placed in series 
with the implant. The self-impedance of each 
tested electrode pair was measured at the end 
of each behavioral testing session. In some of 
these animals we studied current spread in the 
scala tympani and surrounding tissues.” 


Psychophysical Procedures. Other laboratory 
apparatus, acoustic stimulation and calibration 
procedures, and behavioral procedures have 
been described elsewhere," and will be sum- 
marized below. 


The monkeys were tested in double-walled, 
sound-attenuated rooms. During testing, they 
sat in primate restraint chairs with their heads 
further restrained. At all other times, they 
were housed in cages. 


The monkeys were trained to perform a 
simple reaction-time task that consisted of de- 
pressing a response key in the presence of a 
discriminative stimulus (a light), holding the 
key down during a randomly variable foreperi- 
od, and releasing the key at the onset of the 
test stimulus (a tone, or an electrical stimulus 
to the prosthesis). During training, a differ- 
ential reinforcement procedure was used to 
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Fig. 2. A representative perithreshold 
function for electrical stimulation via the 
prosthesis. Twenty trials were presented 
at each intensity. 


obtain rapid release of the key at onset of the 
test stimulus.” 


Behavioral programming, stimulus presen- 
tation and data collection were controlled by 
Raytheon 7061 or PCM-1211 computers. Data 
were analyzed on a Prime 200$ or a PDP 
8/E§§ computer. 


Thresholds for both acoustic and electrical 
stimulation were measured by observing the 
percentage of correct responses obtained for 
each intensity of stimulation. Correct responses 
were defined as those with reaction times of 
1000 msec or less; reaction times greater than 
1000 msec were considered misses. The rate of 
guessing was estimated by presenting trials on 
which no test stimulus occurred. Perithreshold 
functions (percent correct vs. intensity) were 
plotted (Fig. 2), and threshold was defined 
as the point on this function half way between 
the guess rate and the 100% correct point. 


Our measurements of dynamic range were 
based on the observation""* that reaction 
time varies systematically as a function of the 
loudness of a stimulus. Reaction times to elec- 
trical stimulation via the cochlear prosthesis 
decreased as a function of stimulus intensity 
in a systematic fashion (Fig. 7). We defined 
the upper limit of the dynamic range for a 
particular stimulus as the intensity that yielded 
reaction times equal to those obtained for 


*Nuclear-Chicago Corp., Model 7150, Des Plaines, IL. 


**Grason-Stadler, Model 1284, Concord, MA. 


iModified from a design provided by Dr. Murray Sachs (based on a design by Ludwig). 


P eo 
{tA train of these pulses can be represented as a Fourier series: f(t) — = ba sin 2nztR 
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sin (az DnR) 





where ba == —4aDR sin 


az DnkER 


2 
where a — 0.44, D — the pulse duration (Fig. 6 inset), and R = pulse repetition rate. The fre- 
quency component corresponding most closely to 1/D will have the maximum amplitude. 


iRaytheon Co, Lexington, MA. 
1iPCM Inc, San Ramon, CA. 


$Prime Computer Inc., Wellesley Hills, MA. 


$$Digital Equipment Corp, Maynard, MA. 
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Fig. 3. Variation in behavioral threshold as a function of days after implant surgery 
for selected electrode pairs from three implants tested with sinusoidal stimulation at 1 
kHz. Testing for the indicated electrode pairs in implants PO-L-1, PU-R-1 and RI-L-1 
began, respectively, 24 hours, 8 days, and 56 days after implant surgery. 


white-noise acoustic stimuli of 100 dB SPL. 
Dynamic range was defined as the difference 
between this upper limit and threshold. 


After behavioral testing is completed, the 
monkeys routinely are deeply anesthetized 
with Nembutal® (sodium pentobarbital), per- 
fused with saline followed by phosphate buf- 
fered formalin, and the brains and temporal 
bones removed for histological examination. 
Histological examination is now in progress 
for some animals, Others are still being tested 
behaviorally. 


RESULTS 


All six monkeys showed immediate 
transfer from acoustic to electrical stim- 
ulation on the first day of testing. To 
transfer a monkey from acoustic to elec- 
trical stimulation, the monkeys were re- 
quired to perform the reaction-time task 
using acoustic stimulation to the unim- 
planted ear. Electrical stimulation was 
then presented to the implant simultane- 
ously with the acoustic stimulation for 
several trials, and then the acoustic 
stimulus was reduced in intensity over 
the course of five to ten trials to a sub- 
threshold level. All of the monkeys con- 
tinued to perform reliably with the elec- 
trical stimulation. Threshold and supra- 
threshold testing was then begun. 


Threshold Measurements. Reliable 
threshold data (ie, smooth perithreshold 
functions, Fig. 2) were obtained from 
all monkeys beginning on the first day 
of testing. However, in several cases, 
marked fluctuations in threshold values 
were observed from day to day during 


the first several weeks following implant 
surgery (eg, PO-L-1 and PU-R-1, Fig. 3). 
Typically, thresholds increased during 
the first few days after surgery and then 
decreased to a stable level in one to 
seven weeks. With rare exceptions, the 
thresholds then remained stable, fluctu- 
ating by no more than + 4 dB from the 
mean for as long as we tested the im- 
plant (maximum period was 11 months). 
During the initial unstable period, 
thresholds differed by as much as 20 
dB from the mean threshold during the 
stable period. 


On the basis of the small sample test- 
ed to date, there appears to be a cor- 
relation between the administration of 
neomycin to the cochlea at the time of 
implant surgery and the subsequent 
fluctuation in threshold. In the three 
cases in which neomycin was infused 
into the cochlea at the time of surgery, 
no marked fluctuations in threshold were 
observed. In two of these cases testing 
began 24 hours after surgery and in 
one case the testing began two months 
after surgery (RI-L-1, Fig. 3). 


Data reported in the remainder of this 
paper were all collected during the 
stable period. During this stable period, 
thresholds for given stimulus conditions 
fluctuated, on the average, over a range 
of 3.5 dB. This variation is comparable 
to that seen in threshold testing in mon- 
keys using acoustic stimulation to unim- 
planted ears. During the stable period, 
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Fig. 4. Threshold contours for three different electrode pairs from three different im- 
plants. Data points are mean thresholds and brackets give the range of thresholds ob- 


tained over three or more test days. 


differences between animals responses 
to electrical stimulation did not appear 
to correlate with administration of neo- 
mycin during the surgical procedure. 


Figure 4 shows three examples of the 
relation between threshold and frequen- 
cy of sinusoidal stimulation. We exam- 
ined this relation in detail in 14 pairs 
of electrodes in four different animals 
and found that the shapes of the con- 
tours were similar in all cases. Below 
125 Hz contours were fairly flat. The 
average range of thresholds for a given 
electrode pair measured over the 3-4 
octaves below 125 Hz was only 4.9 dB 
and the maximum range was 8 dB. 
Above 125 Hz thresholds increased as a 
function of frequency. The slopes of the 
contours averaged 5.6 dB per octave 
(standard deviation — 0.8) and ranged 
from 4.5 to 7.0 dB per octave, the lesser 
slopes being associated with higher 
thresholds. 


Although the shapes of the threshold 
contours were consistent across elec- 
trodes, the absolute values of the thresh- 
olds varied considerably from implant 
to implant and from electrode pair to 
electrode pair for a given implant. At 
frequencies below 125 Hz, thresholds 
ranged from 0.1 pamp rms to 6.9 ramps 
rms, a range of 37 dB. Likewise, at fre- 
quencies above 125 Hz, thresholds for a 


given frequency of stimulation could 
vary by as much as 38 dB from implant 
to implant. 


Another factor influencing threshold 
was the separation between the elec- 
trodes of a tested pair. For a given im- 
plant, thresholds tended to decrease as 
a function of electrode separation (Fig. 
5). Differences in thresholds correlated 
with electrode spacing were small but 
were seen consistently in all ten im- 
plants and at all frequencies at which 
this relationship was studied. The aver- 
age correlation between electrode sep- 
arations and thresholds was — 0.81. 


Stimulation between an electrode 
within the scala tympani and the refer- 
ence electrode produced thresholds very 
similar to those for stimulation between 
widely spaced electrodes within the 
scala tympani. The average difference 
between thresholds for widely spaced 
intracochlear electrode pairs and stimu- 
lation between the internal and external 
electrodes was only 1.1 dB. 


In nine cases we compared apical 
versus basal stimulation using a variety 
of stimulus frequencies. Five of these 
had two pairs of equally-spaced elec- 
trodes within the scala tympani with 
one pair located more apically than the 
other by 1.6 to 4.4 mm. The remaining 
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Fig. 5. Behavioral threshold as a function of electrode separation for three different 
implants. Points at the right hand margin of the graph are for stimulation between an 
electrode in the scala tympani and the externally located reference electrode. For the 
scala tympani electrodes, A is the more apical electrode and B the more basal. Means and 


, ranges are given. 


four had apically and basally located 
electrodes referenced to ground with 
the electrodes within the scala tympani 
separated by 2.2 to 4.8 mm. We found 
no consistent correlation between 
threshold and electrode location. In four 
cases threshold for the more basal elec- 
trode was lower and in five cases thresh- 
old for the more apical electrode was 
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lower. Absolute values of the differences 
between apical and basal electrodes 
ranged from 0.3 dB to 8.0 dB and aver- 
aged 4.0 dB. 


Frequency or period of electrical 
stimulation and electrode separation did 
not account for all of the variability we 
saw in behavioral thresholds. Even hold- 
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Fig. 6. Behavioral threshold as a function of pulse duration (D) and pulse repeti- 
tion rate for biphasic pulsed electrical stimulation. Inset) Sample biphasic rectangular 
current pulse (see Methods section for details). Also shown are thresholds for three 
frequencies of sinusoidal stimulation (squares) for this electrode pair. Means and ranges 


are given. 
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Fig. 7. Latency-intensity functions for electrical stimulation (left) and acoustic 
stimulation (right) for the same monkey. Data points are median reaction times for data 
combined from three separate days (20 trials/intensity/day ). Interquartile ranges at the 
higher intensities averaged 24 msec for electrical stimulation and 35 msec for acoustic 
stimulation. (See Methods section for further details.) 


ing these factors constant, we saw varia- 
tions of as much as 23 dB in thresholds 
from different implants. 


The relationships between behavior- 
ally measured detection threshold and 
two parameters of rectangular-pulse 
stimulation are illustrated in Figure 6. 
As the repetition rate of the pulsed stim- 
ulation was increased, threshold de- 
creased slightly. We examined effects 
of increasing the repetition rate of an 
80 usec pulse in four cases using pulse 
rates from 1/sec to 1000/sec and found 
decreases in threshold ranging from 3.1 
to 8.7 dB for a 100-fold increase in 
pulse rate. For a variety of pulse dura- 
tions we found that as the repetition 
rate increased the threshold for the bi- 
phasic retangular pulse stimulation ap- 
proached that of a sinusoidal stimulus 
of equal period. 


Effects of increasing pulse duration 
were examined in five cases. For pulse 
durations from 80 „sec to 8 msec, thresh- 
old decreased linearly (log-log coordi- 
nates) at the mean rate of 18.4 dB/de- 
cade (standard deviation = 1.52). In 
one case we extended pulse durations to 
62 msec; for durations greater than 16 
msec the thresholds continued to de- 
crease but at a lesser rate (10 db/ 
decade) and the variance increased. 


We examined the effects of reversing 
the phase of the biphasic pulsed stimula- 


tion at repetition rates of 1 pulse per 
second and 100 pulses per. second for 
a closely-spaced pair of electrodes with- 
in the scala tympani and for stimulation 
between an electrode in the scala tym- 
pani and the reference electrode. In all 
cases we found virtually no difference 
in threshold dependent on which phase 
(positive or negative) of the biphasic 
pulse lead. 


Suprathreshold Measurements. During 
the stable period for thresholds, dy- 
namic ranges were also stable: the aver- 
age range of variation in dynamic 
ranges for a given stimulus and elec- 
trode pair was 7.3 dB. This is greater 
than the variation seen in the threshold 
measures but reflects the behavioral 
measure rather than a characteristic of 
electrical stimulation. Comparable vari- 
ance was seen in measurements of dy- 
namic ranges for acoustic stimulation. 
Data reported in this paper are based 
on daily estimates of dynamic range 
using 20 trials per intensity per day. 
Test-retest variability can be reduced by 
increasing the number of trials per in- 
tensity per day or by combining data 
from several days. 

Dynamic range varied systematically 
as a function of frequency of sinusoidal 
stimulation (Figs. 7 and 8). Dynamic 
range decreased as a function of stimu- 
lus frequency from 125 Hz to 1 kHz at 
the rate of about 6 dB per octave. 
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We examined threshold changes with 
frequency of sinusoidal stimulation and 
width and repetition rate of rectangular- 
pulse stimulation. Large changes in 
threshold were seen with sinusoidal- 
stimulus frequency. This may indicate 
that this parameter is one of the more 
important functional characteristics of 
electrical stimulation. The threshold con- 
tours are fairly flat at frequencies below 
100 Hz and rise as a function of fre- 
quency above 100 Hz, observations that 
are consistent with those of Simmons? 
and Mladejovsky et al*? in humans. 


Data by Merzenich et al? indicate 
that threshold voltage increases as a 
function of frequency above 100 Hz but 
also increases with decreasing frequency 
below 100 Hz. Comparison of these data 
with those discussed above is difficult 
since Merzenich's observations are re- 
ported in terms of voltage rather than 
current. In our experience and that of 
others?** the impedance of noble metal 
electrodes changes markedly with both 
frequency and intensity of stimulation 
so that there is not a constant relation- 
ship between voltage and current. Our 
data indicate that electrode impedance 
increases as either frequency or intensity 
of stimulation is decreased, so the high- 
er threshold voltages reported by Mer- 
zenich at low frequencies may be due to 
increased electrode impedance at those 
frequencies. 


Stimulating between a wick electrode 
on the round window and a steel elec- 
trode near the apex, Kiang and Moxon?’ 
showed threshold contours for eighth 
nerve fibers similar in form to our be- 
havioral contour. However, the slopes of 
their contours above 100 Hz were lower 
than ours and some of their fibers 


showed a rise in threshold below 100 
Hz. 


With pulsed stimulation, threshold is 
strongly dependent upon pulse width 
and, to a much lesser extent, upon pulse 
repetition rate. Again, these observations 
in the monkey are consistent with those 
of Simmons? and Mladejovsky et al?? in 
the human. 


Undoubtedlv the effects with both 
sinusoidal and pulsed stimuli are sig- 
nificantly dependent upon basic bio- 
physical properties of the neural ele- 
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ments excited. Our observations on be- 
havioral threshold changes are, at least 
in general, consistent with electrophysi- 
ological studies of threshold changes in 
isolated nerve tissue or in vivo eighth 
nerve fibers with changes in parameters 
of stimulation.**?? Thus, for example, in- 
creasing pulse width increases the 
charge per pulse and the amount of time 
available to charge the membrane ca- 
pacitance and produce one or more de- 
polarizations of the excitable elements 
(provided there is sufficient current to 
maintain a suprathreshold voltage across 
the membrane resistance ).*? Similarly, 
decreasing stimulus frequency results in 
greater charge per half-cycle and longer 
half-cvcle durations which should lead 
to reduced threshold currents.?*-?! 


While basic biophysical properties of 
nerve elements may account for many of 
the effects we see with changes in 
parameters of stimulation, we also know 
that as frequency components of an 
electrical stimulus are varied, we may 
expect to find variation in the current 
pathways generated. Capacitive and 
conductive characteristics of different 
tissues of the body do vary and the non- 
homogeneous tissues of the temporal 
bone are no exception. With variation in 
sinusoidal-stimulus frequency or pulse 
width (which results in a change in the 
frequency components of the stimulus) 
we might expect current paths to vary 
and hence the current spread to excit- 
able elements of the temporal bone to 
differ. The contribution of this factor 
to determination of the observed thresh- 
old contours is at this time difficult to 
assess. The question is, however, under- 
going investigation in our animal 
studies.?? 


The relationship between threshold 
and electrode separation, although 
small, was seen consistently. Several fac- 
tors may account for this relationship. 
For example, with the more widely- 
spaced electrodes current may spread 
more effectively to the excitable ele- 
ments, or may stimulate fibers more 
effectively than with closely-spaced 
pairs.?-5 Detailed examination of cur- 
rent pathways in and around the scala 
tympani is needed to shed light on this 
and other questions regarding mecha- 
nisms of prosthesis function. 
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Even holding factors of frequency, 
waveform, and electrode separation con- 
stant, we saw considerable variability in 
threshold from implant to implant. It is 
likely that this variability is related to 
factors such as physical positioning of 
the implants within the scala tympani, 
the physiological condition of the ex- 
citable elements, etc. The long-term 
stability of thresholds following the first 
few weeks after surgery suggests that 
the factors leading to this interelectrode 
variance are stable, so that histological 
examination should clarify their cause. 


We introduced neomycin in some of 
the implanted ears in order to produce 
a sensorineural deficit comparable to 
that in candidate implant patients. In 
comparing neomycin-treated | animals 
with animals not administered neomy- 
cin, we saw no consistent differences. 
Our lowest minimum thresholds (0.1 
pamp rms) were obtained in a non- 
neomycin-treated animal but also some 
of our highest minimum thresholds were 
obtained in nonneomycin preparations. 
However, since none of the neomycin- 
treated animals had thresholds of less 
than 0.84 uamps rms, it is possible that 
the pathology associated with neomycin 
poisoning resulted in somewhat elevated 
thresholds. It is known that scala tym- 
pani implants, especialy the molded 
type, can produce considerable destruc- 
tion in the cochlea?^ and this factor may 
account for some of the higher thresh- 
olds in the nonneomycin ears. 


A clear definition of implant charac- 
teristics with regard to threshold rep- 
resents only a small part of the informa- 
tion which is necessary for understand- 
ing prosthesis function and for the de- 
sign of stimulation methodologies. Pre- 
sumably the majority of prosthesis use 
will take place at suprathreshold levels 
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so it is essential to understand how the 
prosthesis operates throughout its dy- 
namic range. As a first step in this re- 
gard we are exploring the rate of growth 
of loudness and the resultant dynamic 
range as a function of various param- 
eters of electrical stimulation. We have 
shown that dynamic ranges are greater 
for low frequencies of sinusoidal elec- 
trical stimulation than for higher fre- 
quencies. The rates of growth (ie, the 
slopes) of the latency-intensity func- 
tions are lower at low frequencies than 
at high frequencies suggesting a slower 
rate of growth in loudness’? at the lower 
frequencies. 


Bartz? has reported fairly uniform 
dynamic ranges as a function of fre- 
quency for four human patients, but his 
results are difficult to compare with 
ours because they are presented in terms 
of voltage rather than currerit. If im- 
pedance of his electrodes decreased as 
a function of intensity more at low fre- 
quencies than at high frequencies, as 
ours do (also see Brummer and Turner?$), 
then dynamic ranges expressed in terms 
of current would be greater at low fre- 
quencies than at high frequencies. 


Careful documentation of loudness 
growth functions and dynamic range, 
frequency, intensity, and place discrim- 
ination limens, and detection thresholds 
is an essential prerequisite to prosthesis 
design and to the formation of neural 
and biophvsical models of prosthesis 
function. The results reported in this 
paper suggest that many of these para- 
metric studies can be carried out in an 
animal model. In addition, such a model 
offers the unique opportunity for paral- 
lel investigation with invasive electro- 
phvsical, biophvsical. and histological 
techniques,!*7:?^ all of which should fa- 
cilitate the design of improved cochlear 
prostheses. 
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EFFECT OF CHOLINERGIC DRUGS ON 
THE PERILYMPHATIC OXYGEN TENSION 


N. Yacr, MD 
U. Frscu, MD 


ZURICH, SWITZERLAND 


The effect of the intravenous injection of cholinergic drugs on perilymphatic oxygen ten- 
sion (Po.) was measured using the polarographic method in 20 cats. Acetylcholine, pilocarpine 
and neostigmine produced minimal but statistically significant changes in perilymphatic Po». 
Atropine and scopolamine did not influence the Po. of the perilymphatic space. The reported 
results show that under normal conditions the cholinergic receptors of the vestibular vessels 
have little effect on the permeability of arterial Po:. 


In the past decade the effect of the 
cholinergic system on the inner ear cir- 
culation has been investigated."* The 
reported results, however, have re- 
mained inconclusive. The aim of the 
present study was to assess with the 
polarographic method whether choliner- 
gic drugs influence perilymphatic oxy- 
gen tension (Po.) in cats. 


METHODS AND MATERIALS 


Twenty adult cats weighing 2.5 to 3.5 kg 
were anesthetized with Nembutal? (50 mg/ 
kg). Following tracheotomy the animals were 
paralyzed with tubocurarine and artificially 
respirated at the rate of 25 breaths per min- 
ute. The cephalic vein was cannulated for the 
administration of drugs. Systemic blood pres- 
sure was monitored through the cannulated 
femoral artery. 


A platinum electrode with a recessed tip 
100 4 in diameter was placed in the vestibule 
through the trephinated foot plate of the 
stapes using a micromanipulator. The details 
of the employed polarographic method were 
reported earlier by Murata and Fisch.’ At the 
end of the experiments the oxygen electrode 
was calibrated in saline at body temperature 
saturated with nitrogen or with air. 


At the beginning of each experiment the 
responsiveness of the inner ear to inhalation 
of pure oxygen was checked. The inner ear 
function was regarded as normal when peri- 
lymphatic Po: increased 1.5 to 2.0 times the 
initial value after inhalation of 100€ oxygen 
for 2.5 minutes. Animals which did not dem- 
onstrate this response were discarded. In this 
way the 20 selected animals presented a homo- 
genous, normal response to vasodilation. The 
following cholinergic drugs were injected 
through the cannulated cephalic vein over a 
5 sec period: acetylcholine, scopolamine, neo- 
stigmine, pilocarpine and atropine. When neo- 


stigmine was used, succinylcholine instead of 
tubocurarine was used as a muscle relaxant. 
Perilymphatic Po: was measured for 30 min- 
utes after drug injection. In order to simplify 
the calculations, the initial value of the peri- 
lymphatic Po: was defined as 100%. The mean 
absolute value of perilymphatic Po: of the 20 
experimental animals was 33.9 + 12.2 mm Hg 
( standard deviation). All average values given 
under results represent the mean and corres- 
ponding standard deviation obtained for the 
given number of animals used for each trial. 
In view of the transient effect upon blood 
pressure and perilymphatic Po: observed after 
acetylcholine, pilocarpine and neostigmine in- 
jections, five animals showing no response af- 
ter atropine or scopolamine injections were 
used for repeated experiments using either 
drug with an interval of more than one hour. 


RESULTS 


Acetylcholine (Fig. 1) A biphasic 
change of perilymphatic Po. was ob- 
served in five cats following intravenous 
injection of acetylcholine chloride (0.001 
mg/kg). The initial average reduction of 
perilymphatic Po. was — 5.2 + 3.6% 
of the initial value. Thereafter a slight 
increase of perilymphatic Po. occurred, 
but in all animals normal values were 
measured 7 to 10 minutes following the 
injection. The changes of the systemic 
blood pressure were similar to those of 
perilymphatic Po, but preceded this 
latter by two minutes. The average ini- 
tial drop in blood pressure was — 26.1 
+ 20.1% of the initial value. 


Atropine (Figs. 2 and 3). Atropine sul- 
fate (0.05 mg/kg) was administered in- 
travenously to five cats. A slight reduc- 
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Fig. 1. Typical curve showing the effect of acetylcholine (1 pg/kg) on perilymphat- 


ic Po.. Note the initial decrease of systemic blood pressure follow 


change in perilymphatic Po:. 


tion in perilymphatic Po. of 2.1 + 2.8% 
of the initial value occurred within 2-3 
minutes. During the same time there was 
a minimal decrease in systemic blood 
pressure averaging — 3.3 + 3.9% of the 
initial value. 


Pilocarpine (Fig. 3). The effect of the 
intravenous injection of pilocarpine (0.05 
mg/kg) was studied in five cats. Peri- 
lymphatic Po. increased initially an 
average of 2.1 + 3.6% of the initial 
value and returned to normal after 10 
minutes. The recorded changes of the 
systemic blood pressure were again 
similar to those of perilymphatic Po. 
(initial increase of 5.4 + 3.6%) and 
preceded this latter by about two 
minutes. 


Neostigmine (Fig. 3). Neostigmine 


by the corresponding 


(0.01 mg/kg) was injected intravenous- 
ly in five cats. Both perilymphatic Po. 
and systemic blood pressure increased 
by an average of 4.9 + 3.9% and 12.7 
+ 15.7% respectively. The changes of 
the systemic blood pressure preceded ` 
again those observed for perilymphatic 
Po. by two minutes. 


Scopolamine (Fig. 3). The effect of 
scopolamine (0.1 mg/kg) was studied 
in seven cats. Perilymphatic Po. de- 
creased to — 6.5 + 8.2% of the initial 


value while the blood pressure increased 
4.6 + 4.3%. 


DISCUSSION 


The effect of the injected cholinergic 
drugs on perilymphatic Po, is sum- 
marized in Figure 3. The recorded alter- 
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Fig. 2. Typical curve showing the effect of atropine (0.05 mg/kg) on perilymphatic 


Po. Note the minimal initial decrease of systemic blood pressure and perilymphatic 
Po; The recorded variations were not statistically different from those observed after in- 
travenous injection of Ringer's solution. 
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Fig. 3. Average comparative response 
of perilymphatic Po. and systemic blood 
pressure following intravenous injection 
of the different cholinergic drugs. The 
mean value and standard deviation for 
the maximal increase or decrease in peri- 
lymphatic Po. and systemic blood pres- 
sure are given in the Results section. 


ations of the perilypmhatic Po, never 
exceeded 7% of the initial value on the 
average, and were always preceded by 
similar changes occurring in the sys- 
temic blood pressure. 


When compared with the results mea- 
sured following injection of Ringer's so- 
lution, the changes in perilymphatic Po. 
measured following injection of atropine 
and scopolamine were statistically insig- 
nificant. The effect of cholinomimetic 
(acetylcholine and pilocarpine) as well 
as anticholinergic (neostigmine) drugs 
is minimal but significant when com- 
pared with the effect of Ringer's solu- 
tion (P« 0.05 for acetylcholine, P —0.01 
for pilocarpine and P- 0.025 for ne- 
ostigmine).* The rapid recovery of the 
initial drop in blood pressure induced 
by acetylcholine is to be attributed to 
the rapid breakdown of this drug by 
blood cholinesterase. One must therefore 
conclude that the rapid inactivation of 
intravenously injected acetylcholine pre- 
vents a larger effect of the drug upon 
perilymphatic Po.. 


The delay of usually two minutes 


*t-test. 
**Yagi, et al: unpublished data. 
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measured between similar changes oc- 
curring in the systemic blood pressure 
and in perilymphatic Po, is most prob- 
ably due to the diffusion gradient be- 
tween the vessels lining the vestibular 
wall and the tip of the oxygen electrode. 
The fact that variations of the systemic 
blood pressure were not always propor- 
tional to Po. demonstrates that the Po, 
is not only dependent upon the change 
in blood circulation but also changes 
induced by the drug on the vessel wall 
permeability. There is no way to tell 
which one of these two effects prevails. 
However, in view of our previous ex- 
periments, °** it appears that the drug- 
induced blood pressure changes are 
playing a major role. 


The reported results are in disagree- 
ment with observations obtained by 
Suga? using the impedance plethysmog- 
raphy in guinea pigs. This author ob- 
served a gradual decrease of cochlear 
blood flow reaching 22 to 30% of the 
initial value after intravenous injection 
of pilocarpine, atropine and scopola- 
mine. This discrepancy shows once more 
that cochlear blood flow and oxygen sup- 
plv do not necessarily show a direct cor- 
relation. The presented results are, on the 
other hand, in agreement with those of 
Bischer and Marvin,? who compared the 
local Po. and the electrocorticogram of 
the brain after application of atropine 
and of betablockers following anoxia. 
These authors concluded that atropine 
had no effect upon cerebral microcircu- 
lation. 


It is possible that the cholinergic 
mechanism manifests its real function 
only under critical conditions such as 
shock and severe hypotension.” It must 
be also pointed out that all reported 
measurements were taken in the peri- 
lymph of the vestibule. It may be that 
the use of finer microelectrodes placed 
next to the stria vascularis will reveal 
greater effects than those measured. 
However, in comparison to the changes 
induced by the inhalation of 52 CO, and 
95% O.** one has to conclude that under 
normal conditions the intravenous in- 
jection of cholinergic drugs produces 
only minimal alteration of the permea- 
bility of the cochlear vessels in cats. 
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CALL FOR PAPERS 


The American Cleft Palate Association will hold its 37th Annual Meeting at Lancaster, Pa., 


May 28-June 1, 1980. 


The Program Committee is soliciting from members and friends scientific papers, exhibits, 
motion pictures and poster sessions dealing with all aspects of craniofacial malformation. En- 
tries to be considered for presentation at the annual meeting must be submitted on official forms 
which can be obtained from the Program Chairman. The deadline for submission of abstracts is 
November 11, 1979. Acceptances will be mailed on February 1, 1980. D.R. Van Demark, PhD, 
ACPA Program Chairman, Dept. of Otolaryngology, University Hospitals, Iowa City, IA 52242. 
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TEMPORAL BONE HISTOPATHOLOGY IN 
DEAFNESS DUE TO CRYPTOCOCCAL MENINGITIS 


TakeEHIkO Harana, MD 
Isamu Sando, MD, DMS EucENE N. Myers, MD, FACS 


PITTSBURGH, PENNSYLVANIA 


This paper reports on a patient who survived an attack of cryptococcal meningitis spe 
years prior to his death. A bilateral sensorineural hearing loss had been noted a short time be- 
fore the patient was admitted to the hospital, and was the only complication after he recovered 
from the disease. Histopathologic study of the temporal bones showed a similar pattern of pa- 
thology in both ears, the most striking finding being a severe loss of spiral ganglion cells in 
Rosenthal's canal, and of cochlear nerve fibers in the osseous spiral lamina and internal audi- 
tory meatus, The vestibular nerve was mostly free from pathology. The organ of Corti was 
atrophic but the hair cell population appeared to be almost normal. A slight number of cryp- 
tococci were observed in limited areas of the cochlear and the saccular nerves in the internal 
auditory meatus. The severe pathology of the cochlear nerve was compatible with audiologic 
evaluations, which pointed to a retrocochlear lesion. Thus, this case demonstrates some charac- 
teristic aspects of cryptococcal infection of the temporal bone: The primary site of invasion 
was the cochlear nerve in the internal auditory meatus and the modiolus, leading to the loss of 
ganglion cells and nerve fibers, while the vestibular nerve appears to have been resistant to 


infection. 


Cryptococcus neoformans, an encap- 
sulated, budding, yeast-like fungus 
which is found in soil and pigeon nests, 
has a special predilection for the central 
nervous system. Cryptococcosis, an in- 
fection caused by C. neoformans, is usu- 
ally established in the lung and other 
viscera before dissemination to the brain 
and meninges occurs. It occurs with in- 
creased frequency in patients with leu- 
kemia or lymphoma. The meningitis 
associated with C. neoformans, the best- 
known form of the disease, was first 
reported by Versé? in 1914, and the 
disease had been known to be almost 
always fatal until the advent of ampho- 
tericin B, which improved the prognosis. 


In 1975, Igarashi, et al? first reported 
the temporal bone findings of a patient 
who died at the fulminant stage of 
cryptococcal meningitis. They indicated 
that the primary site of the invasion in 
the temporal bones was within the neu- 
ral system. This finding was subsequent- 
ly confirmed in a report made by 
McGill. 


The purpose of this paper is to pre- 
sent the findings of the temporal bones 


of a patient who, eight years prior to 
his death, had cryptococcal meningitis 
from which he made an almost complete 
recovery with hearing loss as the only 
residual complication. Although this 
case is, to our knowledge, the third 
report on temporal bone histopathology 
associated with cryptococcal meningitis, 
this is the only one which shows the 
pathology remaining after recovery from 
the disease. 


CASE REPORT 


A 55-year-old male was admitted to 
Presbyterian-University Hospital of 
Pittsburgh on May 27, 1965, with 
marked confusion, staggering gait, and 
generalized nonfocal seizures associated 
with urinary incontinence, which had 
developed several days prior to his ad- 
mission. For several weeks before his 
admission he had noted a bilateral hear- 
ing loss with occasional tinnitus, but did 
not experience vertigo. The patient had 
been a construction worker for 32 years, 
and had been suffering from chronic 
lymphocytic leukemia for 9 years, but 
had never had trouble with his hearing 
before this time. 
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Fig. 1. A) Audiometric findings obtained on August 14, 1965, two days prior to 
discharge. B) Audiometric findings obtained on December 23, 1965, four months after 
discharge, showing pure tone audiogram and word discrimination scores. 


Examination of the patient on his 
admission revealed an obtunded, dis- 
oriented, profoundly deaf male. A lum- 
bar puncture was performed and smears 
of the cerebrospinal fluid showed large, 
encapsulated, budding, yeast-like forms 
which were suspected to be C. neofor- 
mans. A culture confirmed the suspicion 
and the diagnosis of cryptococcal men- 
ingitis was thus established. With the ad- 
ministration of amphotericin B intrathe- 
cally and intravenously over a period of 
two months the patient’s neurological 
status improved remarkably, with a 
complete absence of seizures, but his 
bilateral hearing loss persisted. 


The audiogram which was obtained 
on August 14, two days prior to the 
patient's discharge, demonstrated a pro- 
found bilateral sensorineural hearing loss 
with complete loss of word discrimina- 
tion (Fig. 1A). When the patient was 
reevaluated on December 23, he re- 
ported some improvement in his hearing, 
and the pure tone audiogram obtained 
at that time revealed significant im- 
provement in thresholds in both ears, 
although word discrimination scores re- 
mained extremely low (Fig. 1B). The 
SISI scores were mostly below 20%, and 
the tone decay test showed an excessive 
amount of decay at most frequencies. 
Békésy audiometry was performed, us- 
ing a fixed-frequency mode, and the 


results were interpreted as type III for 
both ears in view of an abnormal degree 
of separation between the interrupted 
and continuous tracings at low frequen- 
cies (Fig. 2). The results of these ex- 
aminations suggested retrocochlear pa- 
thology with.evidence of some degree 
of cochlear overlay at high frequencies. 
The patient was again examined on 
February 10, 1966, and the results were 
much the same except that some im- 
provement in the tone decay test was 
observed in the right ear. Although no 
other audiologic evaluation was made, 
the patient's hearing was reported to 
have deteriorated thereafter. 


The patient died seven years later, at 
the age of 62, of Gram-negative septi- 
cemia which had complicated his chron- 
ic lymphocytic leukemia. At autopsy the 
central nervous system showed no evi- 
dence of cryptococcal infiltration; and 
no other abnormality was observed ex- 
cept for mild cerebral edema. Both tem- 
poral bones were removed and immedi- 
ately placed in 10% formalin solution. 
They were then decalcified, dehydrated, 
embedded in celloidin, and sectioned 
horizontally at 20 x. Every tenth section 
was stained with hematoxylin and eosin, 
and studied under the light microscope. 


HISTOPATHOLOGIC FINDINGS 


Left Temporal Bone. The most strik- 
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Fig. 2. Audiometric findings of December 23, 1965, showing a MAPS EIL 
Békésy audiogram with an abnormal degree of separation ‘between the interrupted (I) 
and continuous (C) tracings at low frequencies. This was interpreted as type III. Be- 


cause of severe hearing loss at high frequencies, a special switch was used to increase 


the intensity of the test tone at 2K, 4K, and 8kHz. 





Fig. 3. Left ear. Mid-modiolar section showing severe loss of spiral ganglion cells 
and cochlear nerve (C) fibers. Reissner's membrane is somewhat collapsed and partly 
adherent to the organ of Corti. The stria vascularis is normal. (H & E, X23) 
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Fig. 4. A) Left ear, showing a contrast 
between severe loss of cochlear nerve (C) 
fibers and a slight loss of saccular nerve 
(S) fibers in the internal auditory meatus 
(H & E, X21). B) Left ear, showing, in 
the internal auditory meatus, the superior 
division of the vestibular nerve (SV) and 
the facial nerve (F), both of which ap- 
pear normal. Compare with Figure 4 A in 
which a slight loss of saccular nerve fibers 
is noted. (H & E, X27) 


ing finding was an almost total loss of 
spiral ganglion cells and cochlear nerve 
fibers in Rosenthal’s canal and in the 
osseous spiral lamina (Fig. 3). The in- 
traganglionic spiral bundle was not 
clearly demonstrated. In the internal 
auditory meatus an almost complete loss 
of cochlear nerve fibers was also strik- 
ing (Fig. 4A). The saccular nerve 
showed a slight decrease in number of 
fibers, but the posterior ampullary nerve, 


the superior division of the vestibulat 
nerve, and the facial nerve appeared to 
be normal (Fig. 4B). . 


The organ of Corti was somewhat 
atrophic, the tectorial membrane was 
flattened, and Reissners membrane was 
collapsed and partly adherent to the 
organ of Corti (Fig. 3). It was difficult 
to evaluate the pathology of the hair 
cells due to postmortem changes, but 
their population appeared to be almost 
normal. The stria vascularis appeared to 
be normal, as did the blood vessels in 
other parts of the labyrinth. The coch- 
lear aqueduct was normal. 


The saccular macula appeared to be 
somewhat atrophic, while the utricilar 
macula and the cristae of the three semi- 
circular canals appeared to be normal. 
The rugose portion of the endolyfn- 
phatic sac was lined with rather flat- 
tened epithelium. " 


A slight number of organisms com- 
patible with C. neoformans were ob- 
served only in limited areas of the coch- 
lear and the saccular nerves in the in- 
ternal auditory meatus (Fig. 5). In no 
other part of the temporal bone was 
there any evidence of cryptococcal in- 
filtration. Another interesting finding 
was the presence of a small number of 
large cells with faintly basophilic cyto- 
plasm which were considered to be histi- 
ocytes. They were scattered among the 
degenerated cochlear nerve fibers in the 
fundus of the internal auditory meatus. 


There was leukemic bone marrow in 
the petrous apex, but there was no evi- 
dence of hemorrhage or leukemic cell 
infiltration into the labyrinth. No par- 
ticular abnormality was noted in the ex- 
ternal auditory meatus or in the middle 
ear. 


Right Temporal Bone. A similar pat- 
tern of pathology to that of the left tem- 
poral bone was observed in the right 
temporal bone. On this side, however, 
the loss of cochlear nerve fibers was 
somewhat less pronounced and the pop- 
ulation of saccular nerve fibers ap- 
peared to be normal. It was not possible 
to evaluate the pathology of the organ 
of Corti and the endolymphatic sac due 
to the presence of severe preparation 
artifacts. The organisms compatible with 
C. neoformans were much smaller in 


number. A number of histiocytes, some 
with multiple nuclei, were observed not 
only in the fundus of the internal audi- 
tory meatus but also in the modiolus. 


DISCUSSION 


Systemic fungal infection is being 
seen with increasing frequency, partic- 
ularly in individuals with compromised 
host defenses. In a recent study of cryp- 
tococcal infection, Lewis and Rabino- 
vich? noted headache in 71%, cranial 
nerve involvement in 672, and hearing 
loss in 27% of the patients with central 
nervous system involvement. Hearing 
loss persisted as a complication in 3 of 
the 18 patients who survived their first 
admissions for cryptococcal infections. 


There appear to be only two reports 
hitherto published concerning the tem- 
poral bone histopathology in crypto- 
coccal meningitis. In the case reported 
by Igarashi et al? both temporal bones 
showed severe damage to the neural 
system as well as to the end-organs. 
Cryptococcal infiltration was observed 
in the internal auditory meatus, in Ros- 
enthal’s canal, and within the osseous 
spiral lamina. McGill* reported the tem- 
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Fig. 5. High-power view of the cochlear nerve in the internal auditory meatus of 
the left ear, showing a slight number of organisms compatible with Cryptococcus neo- 
formans (H & E, X390). Inset is a magnification of the organisms. Note the character- 
istic capsule and budding (arrows). (X1610) 
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poral bone histopathology in three pa- 
tients who had mycotic infections, one 
of whom died of fulminant cryptococcal 
meningitis. Both temporal bones in that 
case showed severe damage to the neural 
system, while the end-organs were rela- 
tively well preserved. An interesting 
finding was the presence of cryptococcal 
granulomata scattered throughout the 
temporal bones. 


The most striking finding in the pres- 
ent case was the almost total loss of 
spiral ganglion cells and cochlear nerve 
fibers, while the population of hair cells 
of the organ of Corti was almost normal. 
The severe pathology of the cochlear 
nerve in this case is similar to that noted 
in previously reported cases. It appears 
to be characteristic of the disease and to 
indicate that the temporal bone pathol- 
ogy of cryptococcal meningitis is ap- 
parently different from that seen in most 
instances of ototoxicity or after sound 
exposure in which pathological changes 
begin in the organ of Corti.* Both of the 
latter conditions, however, would have 
been possible additional etiologic con- 
siderations for the hearing loss in this 
case. The findings in this case are also 
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quite different from the temporal bone 
histopathology seen in the healed stage 
of suppurative labyrinthitis, which shows 
fibrous tissue proliferation and new bone 
formation in the perilymphatic spaces, 
as well as endolymphatic hydrops.” 


The route of infection to the labyrinth 
is said to be either by way of the blood 
stream or by direct extension from the 
meninges or the tympanic cavity. It is 
also said that viral infection produces 
endolymphatic labyrinthitis which pri- 
marily affects the stria vascularis and 
the endolymphatic system by way of the 
blood stream,??? while bacterial infec- 
tion produces suppurative labyrinthitis 
which primarily affects the perilymphat- 
ic spaces and the surrounding structures 
by direct extension from the meninges 
or the tympanic cavity.??? The latter 
often shows endolymphatic hydrops." 
On the other hand, some reports have 
suggested primary perilymphatic laby- 
rinthine involvement in viral infection*'' 
and endolymphatic involvement in bac- 
terial infection.!? 


In the present case, cryptococcal in- 
fection of the temporal bones did not 
show the typical pathology of endolym- 
phatic or perilymphatic labyrinthitis, as 
evidenced by the lack of pathology in 
the stria vascularis and in the perilym- 
phatic spaces, and by the absence of 
hydrops. The major site of invasion was 
primarily within the internal auditory 
meatus and the modilus. 


Another striking finding was a con- 
trast in the internal auditory meatus 
between the severe loss of cochlear 
nerve fibers and the almost normal pop- 
ulation of vestibular nerve fibers. This 
seems to indicate that the cochlear nerve 
is particularly vulnerable in cryptococ- 
cal infection, while the vestibular nerve 
is resistant. A slight loss of saccular 
nerve fibers was observed in the left ear, 
and the persistence of cryptococci was 
limited to part of the cochlear and the 
saccular nerves. This might indicate that 
the saccular nerve is less resistant than 
the rest of the vestibular nerve. 


McGill! observed a mild histiocytic 
response which surrounded the crypto- 
cocci in the granulomata. The signifi- 
cance of the presence of histiocytes 
scattered among the degenerated coch- 
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lear nerve fibers in the fundus of the. 
internal auditory meatus in the. present 
case is not clearly known. Perhaps it 
represents a response to some destruc- 
tive process which had taken place there, 
and which might be an aspect of the 
progression of hearing loss after the 
recovery. In this regard the above find- 
ing may be related to the presence of 
cryptococci observed in the internal 
auditory meatus. It is certainly amazing 
to find cryptococci still remaining, .al- 
though slight in number and limited in 
involved areas, after the patient has 
survived for eight years without demon- 
strating any significant neurological 
symptoms. 


The lack of evidence of hemorrhage 
or leukemic cell infiltration into the lab- 
yrinth seems to indicate tliat the chronic 
lymphocytic leukemia from which this 
patient had suffered for 17 years had no 
demonstrable detrimental effects upon 
the function of the ear. 


The clinical and’ pathological evalua- 
tions of this patient's hearing seem to 
correlate fairly well. A moderate eleva- 
tion in pure tone thresholds, extremely 
reduced word discrimination scores, low 
SISI scores, an excessive amount of tone 
decay, and a type III Békésy audio- 
gram were recorded after the patient's 
recovery from the disease. These find- 
ings are compatible with the retrococh- 
lear lesion which is clearly demonstrated 
histopathologically in this case. 


The significant improvement in the 
patient's hearing which the second audi- 
ogram shows is a puzzling phenomenon 
which may be explained, however, by a 
possible complication of transient serous 
labyrinthitis. The labyrinthitis may have 
caused a temporary decrease in the 
patients hearing acuity at the time of 
the first set of audiologic tests, and 
when the patient was retested later, 
resolution of the labyrinthitis would 
have led to an improvement in hearing, 
disclosing the underlying permanent 
hearing loss. 


The progressive hearing loss noted 
after the last audiologic examination is 
most probably due to further degenera- 
tion of the cochlear nerve. The persis- 
tence of cryptococci might have played 
a role in this degeneration. The extent 
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of the nerve pathology would have been 
less when the audiologic examinations 
were performed, as suggested by the 
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preservation of pure tone thresholds at 
that time, compared with the pathology 
at the time of death. 
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PHOTOPLETHYSMOGRAPHY IN THE 
PREDICTION OF EXPERIMENTAL FLAP SURVIVAL 
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A standard photoplethysmograph, modified to differentiate between arterial and, venous 
vasculature in skin tissue, has been used to measure arterial supply in 100 unipedicle skin 
flaps in 25 pigs. A datum transform from a light intensity scale to a relative arterial blood:den- 
sity scale has been introduced and empirically labelled the vascular coefficient (VC). Statisti- . 
cal analysis of the VC data shows a significant difference between necrotic and surviving flap 
group mean data as early as 24 hours. Additional analysis in which a normal ogive was fitted 
to the sample VC data distributions suggests that statistically significant predictions of. tHe 
probability of eventual flap necrosis can be made using VC measurements obtained immeééiate- 
ly postoperatively. It is concluded that the modified photoplethysmograph in conjunction with 
the VC data transform, constitutes a usable measuring technique for skin flap viability predic- 


tion in the experimental animal. 


Prediction of flap survival, whether 
during the operation or shortly after it, 
still remains an important and difficult 
problem in reconstructive surgery. Pub- 
lications by Myers. Myers et al? and 
Thorvaldsson and Grabb? indicated that 
intravital dves and in particular fluores- 
cein are reliable predictors of the area 
of flap survival as early as 30 minutes 
postoperatively. Our study on 212 de- 
layed flaps on pigs revealed that the 
fluorescein test is not an accurate pre- 
dictor of flap surviving with a mean per- 
cent difference between staining and 
surviving area ranging from 10 to 31%. 


Photoplethysmography was intro- 
duced as a parameter in an experimen- 
tal study of delayed pedicle skin flaps 
to determine its utility as a predictor of 
flap viability. The experimental animal 
was the pig. 


Photoplethysmography was used to 
study peripheral blood flow in tubed 
pedicle flaps.** Both studies suggest 
that photoplethysmography can denote 
which pedicle receives the better blood 
supplv, thus determining which of the 
pedicles can best be transferred safely. 


Thorne et al? contended that a satis- 
factory correlation exists between the 
line of avascularity denoted bv photo- 
plethysmography and the subsequent 
level of skin necrosis. 


METHODS AND MATERIALS 


Twenty-five Chester White and Yorkshire 
pigs were used in our experiments. The right 
flank was clipped, shaved and otherwise pre- 
pared. All operations were carried out with 
standard aseptic surgical technique. Ketamine- 
HCl (10 mg/kg) and atropine sulphate (1:0 
mg) were used as premedication followed by 
intubation and inhalation anesthesia with oxy- 
gen and halothane. 


Postoperatively, measurements were taken 
using the same technique of general anes- 
thesia. One hundred flaps on 25 pigs were 
used in this studv. The width of the flaps was 
held constant. The length varied, so differ- 
ent width:length ratios were obtained: 1:2; 
1:2.5; 1:3; 1:3.5; 1:4; 1:4.5. The flaps were 
outlined and measurements by photoplethys- 
mography were recorded before the operation. 
Incisions were then carried down to the deep 
fascia and the flap was raised. After hemosta- 
sis had been obtained. the flap was returned 
to its bed and sutured by cutaneous sutures 
into position. Upon completion, photoplethys- 
mographic measurements were again recorded. 
Intravital dyes (fluorescein and disulphine 
blue) were then introduced through an ear 
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and sutured back into bed. B) Same pig, seven days postoperatively. Area of flap ne- 


crosis is well demarcated. 


vein and staining areas were measured (Fig. 
1). Subsequent clinical observations as well 
as photoplethysmographic measurements were 
recorded every 24 hours through the 13th day 
postoperatively. In this study, we used a mod- 
ified type of photoplethysmographic measure- 
ment developed by one of the authors ( RJV). 
Subsequently, these data were transformed 
from the polygraph recording to an index 
number for evaluation and statistical analysis. 


Measurement Technique. 'The photoplethys- 
mograph used as a sensor was a modified, re- 
flected light type. The basic unit was ob- 
tained by removing the sensing head from a 
standard photoelectric finger  pulse-pickup 
(Gilson Medical Electronics, T-4020). This 
was then modified by replacing the incan- 
descent light source with a light-emitting di- 
ode (LED) (Sprague, ED-123, equivalent to 
Monsanto MV5023) operated at a 20 ma in- 
tensity level. This LED device functions as a 
narrow band light source with a sharply 
peaked spectral characteristic at 6500 A and 
a bandwidth of + 200 A. This is also known 
to be very close to the spectral location of the 
maximum difference between the light extinc- 
tion coefficients for oxygenated and reduced 
hemoglobins.” This modification thus trans- 
forms the photosensing system into a sensi- 
tive discriminator between arterial and venous 
vasculature. The output signal from the photo- 
electric cell sensor is separated into AC and 
DC components by appropriate passive high 
and low pass filtering (AC — Gilson 4023 
pulse adapter; DC — representing arterial 
“blood density" by low-passing with a 1.4 
sec time constant). These separate signals 
were recorded on two channels of a Sanborn 


ad aim (Model 154-100B) using a San- 
orn preamplifier ( Model 150-1800) for the 
DC data and a Sanborn preamplifier ( Model 
150-1000) for the AC pulse recording. 


The modified sensor was found to produce 
an output from the DC filter of about 1.3 V 
for the case of full reflection of the LED 
source to about 1.55 V for zero reflection. By 
using the “zero-suppression” feature on the 
polygraph DC preamp it was possible to sub- 
tract the constant part of the output voltage 
and, thus, spread out the signal range of about 
250 mV to cover a span of 5 cm on the re- 
cording paper. This system was standardized 
for each test session by, first, checking the 
preamp gain and pen zero position, and then 
adiusting the zero-suppression to produce a 
full scale pen deflection (top line on the 
printed grid of the recording paper) with zero- 
reflectance at the sensor. The data was trans- 
scribed from the recording directly in milli- 
meters of pen deflection from the top grid line 
(zero-reflectance) and then transformed loga- 
rithmicallv to an index number that we have 
labelled the *vascular coefficient" (VC) for 
convenience, as follows: 


Vascular coefficient = 58.86 log 
(x + 1 mm) (where x is the re- 
corded pen deflection of the DC sig- 
nal in millimeters on a 250 mV re- 
corder range). 


This yields a linear scale of values from 0 
to 100 related logarithmically to the degree of 
reflectance in the test specimen from zero to 
almost full reflectance. Since we have assumed 
that the degree of reflectance is dependent on 
the density of the arterial vascularization at 
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TABLE 1. COMPARISON OF VC BASE-TIP DIFFERENCES BETWEEN NORMAL AND 
NECROTIC FLAPS |: 














Time Flap Group No. Mean Diff. SD t 
Preop N 30 3.7 7.6 
— ll 
NE 70 3.5 T. 
Intraop N 30 25.7 21.2 : 
1.02 
NE 70 31.5 25.2 Tope 
Postop N 30 31.9 14.3 : 
1.544 77 
(30 min postop) NE 70 40.2 27.4 
Day 1 N 26 26.8 22.0 
86 * 
NE 52 72.4 21.4 d 
Day 2 N 30 22.6 20.9 ; 
5.93%, 
NE 70 63.3 33.6 id 
Day 4 N 30 13.6 18.3 
15.69° 
NE 70 76.2 17.4 
Day 7 N 30 12.4 16.1 $ 
10,57? 
NE 70 67.0 25.2 : 
Day 10 N 30 10.9 165 5. 
ED. 11.41* 
NE 70 68.0 24.2 
Day 13 N 30 10.4 10.4 
19.98* 
NE 70 68.9 22.8 


*Statistically significant at the .001 level. 


N — Normal; NE — Necrotic. 


the test location, the term vascular coefficient 
seems appropriate for this transformed value. 


Justification for this logarithmic transfor- 
mation may be derived from the Lambert- 
Beer’s law relating light intensity transmitted 
(or reflected) to an exponential function of 
optical density in a system; in this case, op- 
tical density can be shown to be largely a 
function of the vascular density in the super- 
ficial tissue volume.’ In making these measure- 
ments, the sensing device was held in a gentle 
but firm contact with the specimen at the test 
location (base, midpoint or tip of each flap): 
minor variations in applied pressure produced 
no significant variations in observed data val- 
ues. The measurement was made under sub- 
dued ambient light conditions, i.e., room lights 
were off, and the placement of the sensor was 
observed by its own light output plus a resid- 
ual illumination from the polygraph, 2 m away. 


Statistical Analysis. A statistical analysis 
was undertaken to determine if a significant 
difference could be shown between the VC 
measurements for completely surviving flaps 
and for those flaps which would later partial- 
ly or completely die. If these differences were 
found to be significant, we would then try 
to estimate the predictive value of the VC. 


Initially, the difference between the VC 
from the base and the VC from the tip of 
each flap ([B-T]VC) was obtained to use as 





an analysis statistic. Concurrently, the data 
were separated into two groups: one consist- 
ing of data from those flaps which complete- 
ly survived, and the second containing data 
from all flaps in which 15% or more of their 
area died as determined clinically at 13 days. 
The data within each of these groups were 
then summed and their respective means and 
standard deviations calculated for each observ- 
tion time. The difference between each sur- 
viving-group mean and its concomitant ne- 
crotic-group mean was then tested for signif- 
icance using the student t-test. In addition, 
the data from the intraoperative, immediate 
(30 minute) postoperative, and 24 hours post- 
operative measurements were further analyzed, 
separately. The (B-T) VC difference scale was 
divided into ten VC unit classes and the pro- 
portion of necrotic flaps within each class was 
calculated. A cumulative normal Gaussian 
curve was then fitted to these cell values us- 
ing the probit technique.* This involves a 
transform of the sample proportions to a scale 
of probits based on a linear representation of 
the normal deviate values. Fitting is accom- 
plished using an iterative, maximum likelihood 
estimating procedure and the sample distribu- 
tion is tested for heterogenity using the X? 
distribution. From this fitted curve, probabil- 
ity values (of necrosis) were determined with- 
in a 95% confidence interval for each cell mid- 
point, 


xi; OM RESULTS 

*'[he t-test analysis of the VC data, 
summarized in Table 1 shows a statis- 
tically - significant difference between 
the base-tip VC difference of partially 
or completely necrotic flaps 24 hours 
postoperatively at the earliest and at all 
subsequent observation times. However, 
a trend toward a significant difference 
may be noted as early as 30 minutes 
after surgery. This suggests a high prob- 
ability that a significant difference first 
appears sometime in the interval be- 
tween immediately postoperatively and 
24 hours postoperatively. 


Consequently, probit analysis was 
utilized to fit normal curves to the data 
` distributions for three of the observation 
times: intraoperatively, 30 minutes post- 
operatively, and 24 hours postoper- 
atively. 


The three fitted curves have been 
plotted within their calculated 952 con- 
fidence intervals in Figures 2-4. The 
derived probability values are assumed 
to represent.the predicted probability 
of necrosis associated with particular 
(B-T)VC values for flaps produced in 
similar circumstances and conditions. 
Observed proportions in the sample data 
have also been plotted on the same 
graphs. In some cases, it was necessary 
to pool data from adjacent classes in 
fitting the curves because of the small 
numbers of data available. Protar indi- 
cates the total observed proportion of 
necrotic flaps in the whole sample with 
its 95% confidence interval representing 
an estimate of the overall population 
probability. 
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Fig. 2. Relationship between VC values 
(flap base - flap tip) measured during 
surgery. Predicted probabilities of flap 
necrosis are derived from a normal Gaus- 
sian curve fitted to the experimental (ob- 
served) values. Ptota: is the proportion of 
necrosis in the entire set of 100 experi- 
mental flaps. 
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Fig. 3. Relationship between VC values 
(flap base - flap tip) measured 30 min- 
utes after surgery. 


As seen in Figure 2, the prediction of 
flap viability outcome during the opera- 
tion seems to be undeterminable from 
this early data sample, since the pre- 
dicted probability values from the nor- 
mal curve for the VC base-tip differ- 
ences are not significantly different 
from the overall probability outcome of 
70% necrosis when all flaps, regardless 
of their VC base-tip difference, are con- 
sidered as a group. 


The probability curve for the 30 min- 
utes’ postoperative data is quite differ- 
ent. Here, within the region defined by 
the 95% confidence intervals, the pre- 
dicted probability values differ signifi- 
cantly from the overall probability ex- 
pectation of 70% (Fig. 3). This indicates 
quite graphically that the smaller the 
measured base-tip VC difference, the 
better is the chance of obtaining a fully 
surviving flap. From this plot, one may 
find the probability of necrosis (or, con- 
versely, survival) for each VC base-tip 
difference value measured immediately 
postoperatively. The probability values 
obtained from this study suggest that as 
early as 30 minutes after the operation 
we can predict the probable viability 
outcome of a flap (of similar type) with 
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Fig. 4. Relationship between VC val- 
ues (flap base - flap tip) measured 24 
hours after surgery. 
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reasonable confidence. At 24 hours post- 
operatively (Fig. 4), a similar signifi- 
cant difference between the predicted 
values and the estimated total proba- 
bility is evident. This result is not un- 
expected in view of t-test results for 
the group data (Table 1). However, in 
two of the cells, the observed probabil- 
ity values lie outside the fitted confi- 
dence intervals; these discrepancies are 
attributed to the small number of ob- 
servations available for analysis in each 
of these cells (N —3). 


CONCLUSIONS 
With the evidence from the t-tests of 
significant differences between the 


group means (necrotic compared to nor- 
mal) from the 24 hour postoperative 
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data up to the 13 day ‘data, we con- 
clude that this modified photosensing 
device does discriminate between: flaps 
(of the type used in this study) which 
are going to die and those which will 
fully survive. In addition, on the basis of 
the probability curves fitted to the ob- 
served data it is possible to predict with 
a reasonable degree of assurarice,. the 
probability of survival for a particular 
flap at least as early as 30 minutes post- 
operatively. However, these conclusions 
are only valid when applied to flaps of 
the type used in this study obtained , 
under similar conditions. Further re- 
search may be needed to justify their. 
application to skin flap surgery in the,” 
operating room. Bie 
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Recent studies on the fate of pedicle osteocutaneous grafts have shown that they remain 
viable and may be actively involved in the mechanics of bone repair. This communication re- 
ports on a series of experiments aimed to clarify the role of periosteum in the survival of pedi- 
cle-assisted .bone grafts. Osteocutaneous grafts were developed in dogs in such a manner as to 
isolate the implant from normal recipient bone. Free bone grafts were used as controls and a 
group of pedicle periosteal grafts were studied as potential sources of bone formation. Speci- 

. mens were evaluated at regular intervals over a 40-week period. The pedicle bone grafts main- 
tained their viability and developed vigorous osteoneogenesis. The process was progressive and 
eventually resulted in partial substitution of the original graft by new bone of periosteal origin. 
The free bone grafts were resorbed and no bone formation was obtained in pedicle periosteum 
specimens. The study provides clear evidence that under experimental conditions no bone con- 
tact is needed to maintain the viability of pedicle osteocutaneous grafts. It also shows that the 


periosteum has the leading role in the restructuring process of these grafts. 


Recently the authors reported on a se- 
ries of experiments aimed towards a 
clearer, understanding of the fate of 
pedicle osteocutaneous grafts) This 
study, together with the results of clini- 
cal experience, indicates that these 
grafts not only survive but participate 
actively in bone repair. The present 
communication discusses the results of a 
group of experiments devised to gain 
further insight into two aspects of this 
process remaining obscure: 1) the extent 
of recipient bone participation in struc- 
tural repair and 2) the degree of perios- 
teal involvement in this activity. In ad- 
dition, the possibility of utilizing vas- 
cularized periosteum as a potential 
source of bone formation was also ex- 
plored. 


METHODS AND MATERIALS 


Six adult mongrel dogs weighing between 
20 and 25 kg were used. Sodium pentobarbi- 
tal (600 mg/kg intravenously) and 1% lido- 
caine hydrochloride with epinephrine (1:100,- 
000, 10-12 ce subcutaneously) were employed 
as anesthesia. 


A forehead flap approximately 4 cm wide 
was raised from the root of the ear to the later- 
al extent of the anterior wall of the frontal si- 
nus, The forehead skin was incised at the mid- 
line and: circumferentially around the upper 


and lower limits of the sinus. The tissues be- 
tween the skin and the periosteum covering 
the anterior wall of the sinus were carefully 
preserved and an oscillating saw was used to 
free the ipsilateral half of this wall from the 
surrounding bone. This wall was maintained 
in continuity with the flap by its periosteal 
attachments (Fig. 1). Following this, the flap 
was tubed and rotated upwards. Its distal end 
was sutured to the fascia of the parietal mus- 
cle, taking care to immobilize the bone graft 
upon this structure. On the contralateral side 
a similar procedure was undertaken, but the 
distal end of the flap incorporated only the 
periosteum overlying the anterior frontal table. 
After tubing and rotating this flap, the perios- 
teum was also sutured to the fascia of the ip- 
silateral parietal muscle. Finally, the remain- 
ing anterior table of the frontal sinus was re- 
moved and placed under the skin of the cal- 
varium to be used as a control. Primary clo- 
sure was accomplished by simple undermining 
and mobilization of the’ skin. Postoperatively 
each animal received benzathine penicillin G 
(600,000 units intramuscularly) and was al- 
lowed a normal diet. 


Animals were again anesthetized and the 
specimens removed at 8, 10, 24, 28, 36, and 
40 weeks after the operation. Care was taken 
to include the distal portion of the flap and a 
generous portion of the parietal muscle under- 
lying the implants. The size and general ap- 
pearance of the grafts were recorded and the 
Specimens were processed for light microscopy. 
Hematoxylin and eosin staining was used in 
all cases. 


In order to more objectively quantify the 
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Fig. 1. Forehead flap incorporating the 
ipsilateral anterior wall of the frontal si- 
nus (G). Arrows mark limit of tubing to 
be done before rotation. 


degree of new bone formation in osteocutane- 
ous grafts, equal magnification microphoto- 
graphs (X60) of each specimen were obtained. 
Multiple measurements (10 to 12) of the os- 
sification layer developing along the periosteal 
surface were taken from 5 x 7 prints. These 
were then averaged, converted into microns 
and used for comparison. 


RESULTS 


All soft tissue pedicles healed with- 
out complications and, upon sectioning, 
their core showed abundant arterial 
and venous channels. The pedicle peri- 
osteum specimens were grossly unre- 
markable. Miscroscopically the peri- 
osteum could be identified as a fibrous 
layer of variable thickness devoid of any 
changes suggesting new bone formation. 


The pedicle osteocutanous grafts ex- 
hibited several interesting findings 
which are summarized in Table 1. In 
contrast with free bone grafts which 
underwent complete resorption, pedicle- 


TABLE 1. RESULTS OF PEDICLE 
OSTEOCUTANEOUS GRAFTS ISOLATED 
FROM RECIPIENT BONE 











Original Final Osteo- 
Graft Graft neogen- 
Time Size? Size? esis** 

Dog (wks) (mm) (mm) (u) 
1 8 23 23 15 
2 10 25 25 15 
3 24 23 22 21 
4 28 24 24 22, 
5 36 24 22, 57 
6 40 24 26 61 


*Represents greater diameter. 
** Approximate thickness of new bone layer. 


Fig. 2. Eight-week specimen. Layer 
differentiation of spindle-shaped precursor 
cells (Sp) into osteoblasts (Ob) is clear- 
ly evident. The darker (basophilic) line 
between arrows represents osteoneogene- 
sis (H & E, X160). Inserts show exam- 
ples of mitotic activity seen in the peri- 
osteal periphery. (X300) 


assisted implants retained their original 
size in most instances. One of the late 
specimens (40 weeks) showed a slight 
increase in diameter and thickness. Mic- 
roscopically, the most striking features of 
these grafts were the persistence of vi- 
able osteocytes and the development of 
vigorous periosteal osteogenesis. The 
latter process appeared to be a progres- 
sive phenomenon which was most active 
in the 36- and 40-week specimens and 
was initially characterized by thickening 
of the periosteal layer to many times its 
normal size. Increase in the population 
of the spindle-shaped osteoprogenitor 
cells, gradual differentiation of these 
elements into distinct osteoblasts and 
profuse vascularization underlined this 
change (Fig. 2). As in any other form of 
osteogenesis, the osteoblasts were 
aligned along newly-deposited osteoid 
material, and as the process progressed, 
became incorporated into developing 
lacunae. Occasionally mitotic . activity 
could be noted in the most peripheral 
areas (Fig. 2 insert). 


Early in the process, it became ap- 
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Fig. 3. Eight-week specimen. A) Overall view demonstrating proximal periosteal 
A thickening (P) and a thin layer of new bone (arrow) overlying the graft (g) (H & E, 
i: X60). B) Detail of the area enclosed in rectangle. The lacunae of the graft are filled with 

* “osteocytes. Arrow points to newly-formed bone. p - Periosteum. (H & E, X120) 


parent that newly-deposited bone, char- 
acteristically basophilic in aspect, tend- 
ed to replacé the bone graft. This find- 
ing, which was initially of modest pro- 
portions (Fig. 3), eventually became 
extremely prominent, and in late speci- 
mens, areas of new bone were noted to 
invade the graft throughout its thickness 
(Fig. 4). It must be emphasized that 
periosteal osteogenesis was limited to 
the surface directly vascularized by the 
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pedicle. The mucoperiosteal lining of 
the frontal sinus did not appear to un- 
dergo any change during the early 
phases and it frequently retained its 
normal pseudostratified ciliated epithel- 
ium which was left untouched during 
the surgical procedure. Eventually, the 
epithelium disappeared and the perios- 
teum and advancing new bone virtually 
enveloped the graft by extending into 
this surface (Fig. 5A). Mature lamellar 
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Fig. 4. Twenty-four-week specimen demonstrating progression of the changes illus- 
trated in Figure 3. A) Overall view. Area between arrows represents osteoneogenesis 
(H & E, X60). B) Detail of area enclosed within rectangle showing digitations of new 
bone invading the graft. Note early lacunar formation (arrows). P - Periosteum. (H & E, 


X140) 
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Fig. 5. Thirty-six-week specimen. A) Overall view demonstrating diffuse substitu- 
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tion of the proximal table of the graft (g); P - Periosteum. (H & E, X60). B) Detail of 
area enclosed within rectangle demonstrating advanced organization of periosteally gen- 


erated bone. (H & E, X160) 


bone with organized haversian canals 
was present in later specimens (Fig. 
5B). 


Throughout these changes the bone 
graft, although exhibiting lacunae re- 
taining morphologically normal osteo- 
cytes, did not appear to participate ac- 
tively in the reparative process. It 
seemed to provide the scaffold through 
which osteoneogenesis took place. 


DISCUSSION 


The described experiment provided 
an excellent model to study the evolu- 
tion of pedicle osteocutaneous grafts 
isolated from recipient bone. It must be 
stressed, however, that some conclusions 
may not be applicable to bone and bone 
grafts in general since the model used 
is somewhat unique is its characteristics. 
It is a thin, (1.5 to 2.0 mm), predomi- 
nantly cortical bone with very broad 
periosteal attachments, and is supplied 
by a profusely vascularized flap. 


In previous experiments,’ it was felt 
that pedicle bone participated actively 


in the repair process, but it was assumed 
that healing necessitated apposition of 
the graft to healthy recipient bone. This 
study provides clear evidence that re- 
structuring depends almost entirely on 
a remarkably active process of periosteal 
osteogenesis which is, at least tempor- 
arily, independent from the presence of 
recipient bone. Such periosteal activity 
may depend on factors similar to those 
encountered by Judet and Patel? in the 
treatment of pseudarthrosis with muscle 
pedicle bone grafts. These investigators 
demonstrated that bridging of bony de- 
fects was drastically enhanced, even in 
the presence of infection, by using bone 
chips attached to vascularized perios- 
teum. The vascular dependency of this 
process is demonstrated in the described 
experiments by the striking difference in 
bone production existing between the 
pedicle pole of the graft and its mu- 
coperiosteal side. It is also corroborated 
by the investigators previous work with 
tetracycline-labeled specimens, that 
showed intense fluorescence on the peri- 
osteal side of similar grafts. 
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Periosteal activity increases through 
time and eventually results in replace- 
ment of the bone graft. This process of 
substitution was slow, since even after 
40 weeks it remained incomplete, and it 
may be a function of the relatively small 
blood supply of these grafts. Another re- 
tarding factor may be related to the 
viability of the bone graft itself. In most 
instances of bone replacement, osteo- 
clastic activity has to contend with de- 
vitalized bone which undoubtedly fa- 
cilitates resorption. In this experiment, 
maintenance of the normal organization 
of bone may actually hinder the process 
of breakdown and substitution. 


Recently the possibility of stimulating 
periosteum to produce bone by main- 
taining its vascularization was demon- 
strated by Finley et al. These investi- 
gàtors were able to reconstruct a portion 
of a.dog's tibia by bridging it with costal 
periósteum vascularized by microanas- 
tomosis to the tibial artery and saphen- 
ous vein. Their subsequent attempts to 
bridge defects in the head and neck 
failed and it was assumed that lack of 
mechanical stress prevented bone for- 
mation. Our results do not support this 
thesis since, in the osteocutaneous grafts 
which were totally stress-free, the lead- 
ing activity was periosteal osteogenesis. 


The various factors determining bone 
production by periosteal grafts are not 
completely understood. Among the 
causes of failure acting in our series, the 
age. animal species and status of the 
cambium layer are likely to be impor- 
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tant. Since Olliers classic work,? osteo- 
genesis by periosteal grafts has been less 
successful in adult dogs than in any 
other experimental animal. Riess’ has 
shown that in dogs younger than eight 
months, with an intact cambium layer, 
bone production may be obtained con- 
sistently, the opposite being true for old- 
er animals. 


A factor common to many experi- 
ments in which bone formation is ob- 
tained, is the presence of sectioned or 
fractured bone. For several decades the 
presence of an osteogenic factor liber- 
ated by devitalized bone has been impli- 
cated in osteogenesis.” This “inductor 
substance” could be responsible for the 
process leading to callous formation, 
bone resurfacing, and for the develop- 
ment of bone under abnormal conditions. 
The existence of such substance has a 
histological basis in the demonstration of 
primitive connective tissue cells chang- 
ing into osteoblasts while still distant 
from areas of active new bone forma- 
tion. Additional indirect evidence is 
found in the many instances of ectopic 
ossification® and in the osteogenic pro- 
cess of the grafts described here. 


The results discussed open several 
areas of investigation that may clarify 
certain aspects of bone graft behavior 
and perhaps result in the availability of 
new clinical methods. The possibility of 
producing bone from a malleable soft 
tissue source could offer a solution to 
many reconstructive problems of the 
head and neck and merits further study. 
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This report is a review of the literature combined with the author’s experience concern- 
ing Teflon injection of the larynx. Included are the etiology and diagnosis of vocal cord paraly- 
sis, indications and contraindications for Teflon injection of the larynx, its histopathology, pre- 
and postoperative management, proper and improper techniques for injecting Teflon, compli- 


cations, and reasons for failure. 


Unilateral vocal cord paralysis in the 
partially abducted position (parame- 
dian) can produce a number of distres- 
sing symptoms caused by air waste dur- 
ing attempted phonation and inade- 
quate approximation of the cords dur- 
ing swallowing and coughing. 


In 1911, Brünings! a German laryn- 
gologist, devised a technique of inject- 
ing the paralyzed vocal cord with 
hard paraffin using a syringe of special 
design. This technique was very success- 
ful but later abandoned since the paraf- 
fin implant frequently extruded and pro- 
duced a now well-known complication, 
paraffinoma. In 1955, Arnold? revived 
Briinings’ technique using autogenous 
and homogeneous cartilage particles. 
Subsequently, a number of materials 
were used: autogenous cartilage graft;? 
heterogeneous bovine bone paste;* tanta- 
lum oxide;? Teflon; tantalum powder;’ 
and silicone.’ 


Teflon paste (polytef PTFE, Mentor 
Division of Codman and Shurtleff, Inc., 
Randolph, MA), a polymer of tetra- 
fluoroethylene, is the most inert of all 
known plastic materials and has a den- 
sity of 2.4. The Teflon powder is mixed 
with glycerin as a vehicle using an equal 
volume of each substance. The Teflon 
powder with its small particle size, ful- 
fills all of the criteria for the ideal sub- 
stance for intracordal injections: 1) it is 
well tolerated by tissues, 2) it is re- 
sorbed in time, 3) it is finely dispersed 
in a harmless vehicle so that it may be 
injected through a long needle using the 
Bruening syringe (Storz Instrument Co., 
St. Louis, MO.) 


During a decade before its use in the 
larynx, Teflon had proven to be well tol- 
erated by human tissues in thousands of 
cases of stapedectomy and in its use as 
an arterial substitute. In 1962, Arnold" 
published his results from laboratory 
experimentation with the Teflon-glyce-. 
rin mixture and also its clinical use for 
the rehabilitation of paralytic’ dysphófifa. 
Kirchner et al’? performed experimental 
studies from 1963 to 1965 using Teflon 
on the canine larynx for 1% years dur- 
ation. They demonstrated that there 
were no carcinogenic effects of Teflon, 
that Teflon was inert and well tolerated 
by tissues, Teflon had no necrosing éf- 
fect on cartilage, and the implant be- 
came surrounded by a fibrous capsule. 


In 1963, Lewy’ published a compara- 
tive analysis of tantalum-glycerin and 
Teflon-glycerin mixtures. He found 
that both mixtures were well-tolerated 
by the tissues with minimal reaction, that 
there was no drift of the injected ma- 
terial, and that the situation resulting 
from the injection was not altered with 
the passage of time. He also concluded 
that the Teflon-glycerin mixture was 
preferred because it is easier to use and 
can be prepared in advance. 


Stone and Arnold" stated after histo- 
logical studies following Teflon injec- 
tion in the human, that Teflon was def- 
initely not carcinogenic, there was a 
minimal foreign body reaction with the 
Teflon, there was no reaction in the sur- 
rounding tissues (both muscle and carti- 
lage), and that the Teflon was surround- 
ed by a fibrous capsule. Thus, by 1966, 
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TABLE 1. CAUSES OF VOCAL CORD 


TABLE 2. CAUSES OF VOCAL CORD 











.+ PARALYSIS” PARALYSIS (N = 135)“ 
— mt 
“Cause | Estimated % Cause No. patients 
Head l 4 Surgery: head or neck 53 


Brain injury 
Vascular accident 
Neck 44 
Thyroid disease and surgery 
Trauma 
Laryngeal surgery 
Cordectomy 
Neck surgery 
Bowed vocal cords 
Laryngeal Tumor 
Benign and malignant 
Carcinoma of the esophagus 


Chest 30 
Lung 
Benign tumors 
Malignant tumors 
Infection 
Tuberculosis 
Sarcoidosis 
Pneumonia 
Heart enlarged 
Aortic aneurysm 
Chest injury 
: Chest surgery 
Carcinoma of the breast 
Heart surgery 
Neurological 4 
Parkinson disease 
Meningitis 
Metastatic carcinoma 
Poliomyelitis 
Other 18 
Idiopathic 


polytef had proven to be safe for clinical 
usage. At that time however, its usage 
was limited to a relatively small number 
of laryngologists since the technique of 
injection was considered difficult, and 
the selection of cases was thought to re- 
quire the judgment of an accomplished 
laryngologist. Teflon-glycerin has now 
been available for general usage since 
1972. 


ETIOLOGY OF UNILATERAL VOCAL CORD 
PARALYSIS 


Rontal et al'® state that approximate- 
ly 10% of the known causes of vocal cord 
paralysis have a central etiology. These 
include cardiovascular problems, brain 
abscess, syphilis, Parkinson disease, mul- 


Malignancy: nasopharynx, 
neck, chest 


Idiopathic 29 
Traumatic 6 
Surgical excision or traumatic 

loss of cord substance 9 
Infections (polio, TB) 3 
CVA or brain stem injury 3 
Radiation therapy 1 


Congenital bilateral bowed 
mobile cords 4 


tiple sclerosis, syringobulbia, medullary 
tumors, and amyotrophic lateral sclero- 
sis. Peripheral involvement of the recur- 
rent laryngeal nerve probably accounts 
for the remaining 90%. Óf impor- 
tance is the fact that the left recurrent 
laryngeal nerve is involved more com- 
monly than the right by a ratio of 10:1. 
Rontal et al state that lesions of the 
vagus nerve above the take-off of the 
superior laryngeal nerve will result in 
the cords maintaining the intermediate 
(abducted) position over a long-term 
period. They state that the recurrent 
laryngeal nerve section results in the 
cord gradually returning to the mid- 
line position. 


Lewy" lists the causes of vocal cord 
paralysis as in Table 1. He found idio- 
pathic vocal cord paralysis, carcinoma of 
the lung and thyroid surgery to be the 
three most common causes for unilateral 
vocal cord paralysis. 


Dedo et al'* list the causes of vocal 
cord paralysis as in Table 2. 


INDICATIONS FOR TEFLON INJECTION 


Rontal et al'? state that in order to re- 
lieve aspiration in acute paralysis fol- 
lowing sectioning of the recurrent laryn- 
geal nerve, the vocal cord should be in- 
jected as a planned procedure the day 
following sectioning. They prefer this to 
Lewy's technique’ using glycerin since 
the natural history following traumatic 
section of the recurrent laryngeal nerve 
is for the affected vocal cords to grad- 
ually migrate to the midline. The vocal 
cord injection, according to Rontal et al, 
is a benign procedure which can be per- 
formed using local anesthesia the day 
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following major surgery with little risk 
to the patient. The results following 
these injections are very gratifying since 
the restoration of cough and prevention 
of aspiration allow for a more rapid re- 
covery of the patient and often prevents 
the necessity of a tracheotomy. 


In patients with aspiration and poor 
phonatory function following subtotal 
laryngectomy, Yarington et al'* state 
that Teflon injection will relieve this 
condition and prevent the need for a 
subsequent total laryngectomy. They 
also speculate that Teflon paste would 
not be well tolerated in those patients 
who have received radiation therapy. 

Arnold? lists the following indications: 

1. In cases of unilateral vocal cord pa- 
ralysis where a) there is hoarseness due 
to waste of air; b) there is an ineffective 
cough mechanism; and c) there is de- 
creased intra-alveolar pressure; the pro- 
cedure is indicated. He states that the 
laryngeal injection of Teflon is indicated 
mainly in the condition of complete pa- 
ralysis of the recurrent laryngeal nerve 
with intermediate position of the atro- 
phic and bowing paralyzed cord. 

2. Congenital dysplastic dysphonia is 
the result of hypoplasia of the vocalis 
muscle in both sides of the larynx with 
a resultant hypotonic, bowing, vocal 
cord paralysis. He advises injection first 
of one vocal cord and, if not effective, 
the opposite cord should be injected as 
a separate procedure. 


3. In cases of cordectomy or hemi- 
laryngectomy Teflon paste can be used 
to fill the defect and improve phonatory 
function as well as preventing aspira- 
tion. 


4. Vocal cord defects resulting from 
excision of benign lesions of the vocal 
cord such as nodules, polyps and papil- 
lomas, are indications for the procedure. 


5. Arnold proposed the injection of 
Teflon to improve vocal function after 
arytenoidectomy. In my opinion, there 
is too great a risk in this situation for 
embarrassment of the airway and ir- 
reversibly returning the patient to a 
prearytenoid status and a permanent 
tracheotomy. 


Lewy?? lists unilateral vocal cord pa- 
ralysis as the most common indication 
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for Teflon injection. In these patients 
there are the following findings: 1) as- 
piration, 2) ineffective cough, 3) 
breathy hoarseness, 4) poor. oxygenation 
of the blood due to decreased alveolar 
pressure, and 5) inability to laugh. 


CONTRAINDICATIONS FOR TEFLON 
INJECTION 


1. In cases of bilateral vocal cord pa- 
ralysis in the paramedian position,’ 
there is too great a chance for narrowing 
the airway and the necessity for an 
emergency tracheotomy following a Tef- 
lon injection. If a Teflon injection is to 
be entertained in such a situation, it 
should be done along with a trache- 
otomy. 


2. Minor defects in the glottic chink 
should have an attempt for vocal reha- 
bilitation by vocal therapy before re- 
sorting to a Teflon injection.? 


3. Injection of Teflon should, as a 
rule, not be attempted for 10 to 12 
months following the onset of unilateral 
vocal cord paralysis for the following 
reasons: a) spontaneous return of func- 
tion with an intact recurrent laryngeal 
nerve may occur up to 12 months after 
onset; and b) the paralyzed vocal cord 
may gradually migrate to the midline 
position with return of good phonatory 
and sphincteric functions. 


4. Injection of Teflon to improve vocal 
function after a successful arytenoidec- 
tomy is, in my opinion, contraindicated 
because of the possible embarrassment 
of the laryngeal airway and irreversible 
return to a tracheotomy. 


5. If it can be determined that psycho- 
genic factors? are related to the dys- 
phonia, Teflon should not be injected re- 
gardless of the clinical picture. Unfor- 
tunately however, this diagnosis is very 
difficult to establish. 


6. Arnold? states that cases of incom- 
plete auditory monitoring (or congeni- 
tal amusia) should not be injected with 
Teflon. 


7. Rubin? states that myasthenia 
laryngis and hypogenesis vocalis are 
contraindications to Teflon injection. 


8. Dedo et al'* also list scar band 
pseudocord and central nervous system 
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lesions where dysphonia is caused by 
complex dysarthria as contraindications 
to Teflon injection. 


DIAGNOSIS 


Diagnosis of unilateral vocal cord pa- 
ralysis in the abducted position can be 
easily established with indirect laryn- 
goscopy by observing the larynx during 
inspiration and attempted phonation. 
The. patient may also give a history of 
aspiration and difficulty with swallow- 
ing, especially liquids. By listening to 
the patient talk, it can easily be de- 
termined that the hoarseness is of a 
breathy type and that he is able to speak 
a limited number of words following 
inspiration due to the inefficiency 
caused by air leakage during phonation. 
It can also be noted that the patient has 
a poor cough mechanism and may not 
be able to laugh. 


It has become vogue to tape-record 
the patient’s vocal function before and 
after the Teflon injection. I suspect that 
this is a fine method for documenting 
the pre- and postoperative voice for the 
purpose of teaching. Lewy’ states that 
voice tapes form a permanent record 
which is invaluable in evaluating results 
for legal protection and persuasion. He 
goes on to say that tapes, however, 
have a disadvantage as they are not ob- 
jective. Expert judges vary in the inter- 
pretation of changes of voice quality. 
Eighty-two of Lewy’s pre- and postop- 
erative tapes were evaluated and re- 
sulted in a subjective analysis of a 60% 
success rate as compared to his personal 
estimation of about 90% success. I per- 
sonally doubt that they would be of val- 
ue in court and feel that it is unfair to 
use tape recordings as a method of per- 
suading the patient to agree to the oper- 
ation. I have found very few patients 
who are interested in listening to the re- 
cordings of their voice. They, and those 
close to them, evaluate the result of the 
Teflon injection simply by listening to 
the voice. 

Rontal et al'* advocate voice specto- 
graphy for analyzing the voice pre- and 
postoperatively. They state that there 
are three characteristics identifiable to 
spectographic analysis that are related 
to a paralyzed vocal cord: excessive 
breathiness, aperiodicity of vocal cord 
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movement, and a breakdown in formant 
structure. Lewy?? has recorded cough 
sonograms before and after Teflon in- 
jection to demonstrate the improvement 
in cough effectiveness. 


Some laryngologists advocate an an- 
alysis of the vocal dysfunction by a vo- 
cal therapist before and after Teflon 
injection. This is done so that vocal 
therapy may be utilized if the degree 
of voice improvement is not satisfactory 
following the Teflon injection. I feel 
that this is a needless expense to the pa- 
tient and that a vocal therapist can carry 
out his instruction just as effectively 
without a preoperative analysis. 


Von Leden et al, as a research pro- 
ject, studied vocal function pre- and 
postoperatively by using high speed 
photography, aerodynamics and acous- 
tic studies. This certainly is not practical 
in clinical practice. They did however, 
demonstrate that patients experienced 
an immediate clinical improvement fol- 
lowing Teflon injection and that the 
functional studies suggest that laryngeal 
tissues require approximately one month 
for physiological adaptation to the Tef- 
lon implant. 


HISTOPATHOLOGY OF TEFLON INJECTION 


Animal experiments’: in 1966 demon- 
strated that laryngeal injections of Tef- 
lon paste result in an early acute in- 
flammatory response followed by a per- 
sistent chronic foreign body reaction. 
Minimal fibrosis in a fibrous capsule sur- 
rounds the implant. The original volume 
and position of implants are well main- 
tained both because the glycerin is re- 
placed volumetrically by a cellular infil- 
trate and because the 50-100 micro-Tef- 
lon particles are larger than the local 
lymphatics. Teflon is well tolerated by 
tissues because of its chemical inertness 
and insolubility, and because it is non- 
antigenic. 


Stephens et al'? describe the pathol- 
ogy as a foreign body reaction with 
giant cells, few lymphocytes, and no 
polymorphonuclear leukocytes during 
the early stage and later, a bland reac- 
tion of a chronic type with a fibrous cap- 
sule and advancing fibrosis. In no in- 
stance did they find any evidence of car- 
cinogenicity. 


Boedts et al*? reported the results of 
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canine experiments in 1967. These ex- 
periments demonstrated the stability of 
Teflon paste even after two years fol- 
lowing the injection. The Teflon was 
found to be inert chemically and well 
tolerated. They found no mechanical mi- 
gration of the Teflon implant. The Tef- 
lon caused no necrosis of laryngeal car- 
tilage and there was no evidence of 
carcinogenic effects. It is of note that 
Teflon particles were found adjacent to 
and in lymphatics and small blood ves- 
sels. Thére was however, no evidence of 
spread of Teflon beyond the confines 
of the larynx or to distant parts of the 
body. 

Kirchner et al'? in canine experiments 
performed from 1963-1965, demon- 
strated that Teflon-glycerin mixture was 
effective in displacing a paralyzed vo- 
cal cord medially and that there was no 
carcinogenic effect. They also found 
Teflon to be inert, well tolerated by tis- 
sues, that it did not produce necrosis 
of cartilage and that the implant became 
surrounded by a fibrous capsule. 


Lewy's study of the pathology of in- 
tralaryngeal injection of Teflon paste 
performed in 1966 demonstrated that 
the mild inflammatory reaction was re- 
placed by a fibrous capsule formed 
around the Teflon paste which had been 
injected, that there was no evidence of 
carcinogenicity. 

Stone and Arnold? demonstrated in 
1966 that Teflon produced a foreign 
body reaction which was surrounded by 
a fibrous capsule. These studies indi- 
cated that Teflon was not carcinogenic. 


PREOPERATIVE INFORMATION FOR THE 
PATIENT 


Preoperatively, the patient should be 
told why he is experiencing a breathy 
hoarseness, aspiration and an ineffective 
cough. The patient is informed that the 
procedure involves a direct laryngo- 
scopy, ie, the introduction of an illumi- 
nated metal tube into the throat. During 
the procedure, a needle, which is at- 
tached to a pressure syringe similar to a 
caulking gun, is introduced through the 
laryngoscope and into the tissues outside 
the paralyzed vocal cord. The bulk of 
the implant causes the paralyzed vocal 
cord to be moved in the direction of the 
opposite functioning vocal cord. This 
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enables the functioning cord to strike 
against the paralyzed cord, thereby im- 
proving the voice and cough and pre- 
venting aspiration. 


It is explained to the patient that 
there is approximately an 80% chance 
for improvement and a slight chance 
that the condition might worsen. The 
main reason for failure is that it is dif- 
ficult to control the exact positioning of 
the Teflon paste in the tissues and, in 
some instances, the Teflon drifts to ad- 
jacent tissues as it is being injected. The 
patient should also be informed that 
there is a possibility for failure and com- 
plication as there can be with any oper- 
ation and anesthesia. 


TECHNIQUE OF ANESTHESIA 


The anterior floor of mouth, pharynx 
and larynx are anesthetized with 42 co- 
caine solution. Two cubic centimeters of 
Xylocaine® solution without epinephrine 
are injected just below the tip of the 
greater horn of the hyoid bone on each 
side in the region of the thyrohyoid 
membrane. This will provide secole 
anesthesia of both superior laryngeal 
nerves. Two cubic centimeters of 4% 
cocaine solution are injected into the cer- 
vical trachea. The anesthesiologist then 
injects 1 cc of Inovar? solution intra- 
venously. After approximately 15 min- 
utes additional Inovar is administered 
until the patient nears general anesthesia 
but will still respond to requests to 
phonate. The patient must, of course, be 
encouraged to take deep breaths during 
this period. 


TECHNIQUE OF TEFLON INJECTION 


The patient is placed in the position 
for direct laryngoscopy and an anterior 
commissure laryngoscope is introduced. 
If elevation of the epiglottis is painful, 
produces gagging, or a laryngospasm, 
then additional 4£ cocaine solution is 
sprayed directly through the laryngo- 
scope. A laryngeal needle with a 19 or 
20 gauge tip is used along with a Bruen- 
ing syringe (Fig. 1). 


The Bruening syringe must be 
promptly loaded and tested immediate- 
ly prior to injection in order to assure 
that the Teflon flow is smooth (Figs. 1- 
5). Teflon paste must not be introduced 
into the syringe the day prior to its us- 








Fig. 7. a) Some Teflon injection needles come with a cuff or guard placed 4.5 mm 
from the end of the needle tip. (See text for details.) b) Coronal section of the larynx 
through the midligamentous portion of the vocal cord. The needle injection is shallow. 
Teflon will be deposited submucosally and result in obliteration of the laryngeal ventricle 
and no medial displacement of the vocal cord. c) Injection is in the proper direction 
but too deep. Teflon paste will be deposited in the lateral cricothyroid muscle or through 
the cricothyroid space and outside the larynx. In such cases, a mass may be palpated in 
the neck. d) The needle is placed too medially and deeply between the mucosa and the 
conus elasticus. This injection will result in a subglottic bulge. e) The needle is directed 
too medially and deeply and the tip penetrates the subglottic mucous membrane. As Tef- 
lon paste is injected, it can be visualized entering the subglottic lumen. f) The needle 
is introduced into the medial thyroarytenoideus. This infiltrates the vocalis portion of 
the thyroarytenoideus muscle and serves only to immobilize this area rather than displace 
the vocal cord medially. 
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the side being injected while phonating 
(Fig. 6d). 


Some authors advocate the use of a 
needle guard to prevent advancing the 
needle beyond a depth of 4.5 mm. The 
ideal depth in any particular case how- 
ever, will vary with the size of the 
larynx. Also, the needle guard may give 
a false sense of security in that injections 
far beyond a depth of 4.5 mm can re- 
sult as the needle guard indents the 
mucous membrane of the laryngeal ven- 
tricle (Fig. 7a). 


The amount of Teflon paste necessary 
will, of course, vary with the size of the 
larynx and the degree of lateral dis- 
placement of the paralyzed vocal cord. 
It is best to err on the side of underin- 
iection rather than overinjection for Tef- 
lon, once injected, is difficult to remove. 
The needle should remain in place as 
long as possible following the injection. 
This will minimize the amount of Teflon 
paste lost since some Teflon paste 
exudes from the puncture in the mucous 
membrane after the needle is removed. 


On occasion, one injection is sufficient 
to restore good phonatory function. 
A second injection, however, is usually 
necessary. This is accomplished just 
lateral to the anterior aspect of the vocal 
process of the arytenoid and serves to 
close the posterior commissure. 


Again, it is difficult to estimate the 
amount of Teflon used in any given case 
as the Bruening syringe is not cali- 
brated, some Teflon continues to flow 
from the tip of the needle after it is re- 
moved, and a varying amount of Teflon 
paste exudes from the needle puncture 
site after the needle is removed. An esti- 
mate of 1.00-1.50 cc of Teflon probably 
means that 0.75-1.00 cc of Teflon paste 
was actually retained in the tissues. 


It was earlier thought that the Teflon 
injection remamed as an encapsulated 
mass restricted to the region of the la- 
teral thyroarytenoideus muscle. A num- 
ber of histopathology reports are now in 
the literature.5113535?! These studies 
demonstrate that Teflon paste often ex- 
tends into the lateral cricoarytenoideus 
muscle and also through the cricothvroid 
space and even extralaryngeallv. This, 
for the most part, has not been clinicallv 
significant in that there was very good 
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rehabilitation of the laryngeal disorder 
in each case and there were no compli- 
cating signs and symptoms, except in 
one case where the extralaryngeal mass 
was misinterpreted as a thyroid nodule. 
It is thus obvious that a certain amount 
of drift and misplacement of the Teflon 
paste will occur regardless of the tech- 
nique and skill of the surgeon. 


POSTOPERATIVE COURSE 


As a general rule, the patient will 
complain of postoperative pain localized 
to the side of the larynx injected. This is 
especially true when it has been neces- 
sary to inject lateral to the vocal process 
of the arytenoid in order to close the 
posterior commissure. By indirect laryn- 
goscopy, it can be observed the follow- 
ing day that the injected vocal cord is 
usually swollen. The mucous membrane 
of the laryngeal ventricle is also edema- 
tous and may be slightly prolapsed. The 
postoperative vocal function will grad- 
ually improve over a two to four-week 
period until it reaches its level of per- 
manent improvement. 


Complications 


1. Swelling may occur as a reaction to 
the Teflon injection. I feel that it is wise 
to administer 6-8 mg of Decadron® in- 
traoperatively and at the end of two 6- 
hour periods in order to prevent post- 
operative edema resulting from the re- 
action to the injection. A number of in- 
vestigators have reported respiratory 
distress and stridor occurring within 24 
hours after the injection.®:1%152124 Pa- 
tients were successfully treated by using 
intravenous cortisone, ampicillin and 
steam inhalations. A number of cases of 
severe edema have been reported, ne- 
cessitating a temporary tracheotomy. In 
all cases the edema gradually subsided 
and the tracheotomy was removed. This 
complication however, can usually be 
avoided by using cortisone before and 
after the implantation of the Teflon. 


2. Pain, which usually subsides in 
about a week, may persist for many 
weeks. 


3. Expectoration of Teflon particles 
or blood-tinged saliva may occur during 
the first one or two postoperative days 
and should not disturb the patient. 
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; 4. Granuloma formation at the site of 
“the injection is a slight possibility. This 
can be removed by way of laryngoscopy 
and its recurrence prevented by inject- 
ing cortisone into the region of the im- 
plant. 


POSSIBLE REASONS FOR FAILURE FOLLOW- 
ING TEFLON INJECTION 


1. Improper intracordal placement of 
Teflon can result in failure. The ideal 
situation for placement of Teflon is in 
« the lateral thyroarytenoideus muscle as 
is shown in Figure 6d. The injection in- 
to the lateral aspect of the thyroary- 
tenoideus muscle produces a shift of the 
muscle in a medial direction with mini- 
„mal infiltration of the oscillating portion 
of the cord. It is not uncommon how- 
ever, for the Teflon to migrate towards 
and into the false vocal cord, into the 
lateral cricoarytenoideus muscle and 
even extralaryngeally during the Teflon 
injection. As long as the Teflon paste 
does not infiltrate the oscillating portion 
of the vocal cord, these latter exten- 
sions of Teflon paste do not seem to in- 
terfere with a good result. 


2. If the needle is placed too super- 
ficially (Fig. 7b), the needle tends to 
infiltrate the submucosal space of the 
larvngeal ventricle and obliterate it 
rather than infiltrate the lateral thy- 
roarytenoideus muscle. Usually, this type 
of injection can be readily observed as 
it occurs and can be corrected by insert- 
ing the needle to a greater depth. 


3. If the needle is directed at the 
proper angle into the cricoarytenoid 
space, the Teflon will occupy the cri- 
cothvroid and lateral cricoarytenoideus 
muscle (Fig. 7c) and may even escape 
extralarvngeally to the neck. This does 
very little in causing a medial displace- 
ment of the paralvzed vocal cord. When 
this type of injection occurs and there is 
no perceptible shift of the vocal cord in 
a medial direction, there may or mav not 
appear a bulge immediatelv beneath the 
level of the vocal cords. The situation 
can be corrected by withdrawing the 
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needle into the lateral thyroarytenoideus 
muscle and injecting an additional small 
amount of Teflon paste. 


4. If the needle is directed in a 
straight inferior direction rather than an 
oblique lateral direction, and does not 
penetrate to the conus elasticus muscle, 
there will appear a very obvious bulge 
in the immediate subglottic region (Fic. 
7d). When this occurs, the needle 
should be withdrawn and directed lat- 
erallv into the lateral thyroarytenoideus 
muscle region. 


5. On occasion, the needle mav be 
directed in a straight inferior direction 
medially through the conus elasticus 
and the mucous membrane of the sub- 
glottic region into the airway lumen 
(Fig. Te). This becomes readily appar- 
ent as the Teflon paste can be seen to 
exude into the subglottic lumen. 


6. If the needle is directed too far 
medially into the medial thyroaryten- 
oideus muscle (vocalis muscle), there 
will be little or no displacement of the 
vocal cord in a medial direction and the 
oscillating portion of the cord will be- 
come immobilized and greatly interfere 
with the vocal quality of phonation 


(Fig. 7f). 


7. A fixed arytenoid (cricoarytenoid 
ankylosis) often cannot be diagnosed 
until the time of direct laryngoscopy and 
usage of the spatula test to determine 
whether or not the arytenoid is mobile 
and not fixed to the cricoid cartilage. If 
cricoarytenoid ankvlosis does exist, then 
a Teflon injection will not be effective, 
for it is impossihle to close the posterior 
commissure and the air-escape tvpe of 
hoarseness will persist. 


8. A persistent hoarseness will occur 
even with a successful Teflon injection 
when weakness of the opposite side of 
the larynx exists. Preoperatively, it is 
extremely difficult to determine whether 
or not there are mvasthenic changes in 
the opposite vocal cord. Rubin? states 
that this occurs most frequently in the 
older male patient. 
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PROGRESS IN OTOLOGY 
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The progress in otology during the decade 1969 to 1979 is reviewed, focusing on new ap- 


proaches. Advances in ten areas are included. 


“Progress in Otology” reports were 
presented at annual meetings of the 
„American Otological Society shortly af- 
ter it was founded as an outgrowth of 
the American Ophthalmological Society 
in 1868. These reports were abandoned 
after a few years, probably because they 
were rather extensive and tended to 
dominate the annual meetings. The cen- 
tennial volume of the American Otologi- 
cal Society which appeared in 1969 re- 
counts many of the features of these ear- 
ly meetings. It includes an interesting 
essay by a former President of the So- 
ciety, the late E. P. Fowler, Sr., MD, 
who chaired the centennial committee. 
He entitled his remarks "The Second 
Hundred Years — Musings and Dreams 
of Things to Come.”! 


The history of the 1890s, in which 
American otologic scientists were in the 
minority, has changed dramatically. 
There is now a dominating American 
presence in otology, and the works of 
many foreign investigators also continue 
to enrich the world's basic knowledge 
of otology. Of special importance is the 
continued expansion of basic research. 
The creation in this decade of the As- 
sociation for Research in Otolaryngology 
is evidence that "an information explo- 
sion" has indeed occurred in otology. 
Otologic conferences are now increasing 
in such numbers that it is possible to 
make an almost full-time career travel- 
ling from one conference to another. 


Mv assigned subject is an honor, but 
a difficult task. 


Most publications in this first post- 
centennial decade consist of new details 
in areas already well documented prior 
to 1968. I shall try to focus on relatively 
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new conceptions of new approaches. 
Since this is a judgemental decision on 
my part I beg your indulgence for any 
significant omissions. There will be no 
bibliography. Since there have been 
many hundreds of publications in this 
decade I shall not quote papers or au- 
thors by name. In a sense, my remarks 
will constitute “musings” upon this first 
decade and it may also contain some 
personal predictive statements based up- 
on what has happened during this 
decade. 


AUDIOMETRY ADVANCES 


Objective audiometry, first ap- 
proached through galvanic skin resis- 
tance techniques has been followed by 
evoked response cortical audiometry 
(ERA), by both invasive and noninva- 
sive electrocochleography techniques, 
and finally by brain stem response 
evoked potentials (BSRE) which have 
now reached levels of major clinical 
diagnostic and prognostic significance. 
Such “far field” recording with computer 
averaging of generated potentials can 
localize eighth nerve and inferior col- 
licular lesions, among others. 


“Electronic computers will be 
perfected so that they may even be 
able to discuss with the otogist dif- 
ficult diagnostic problems” (E. P. 
Fowler, Sr.).2 


In addition, increasing experiences 
with masking level differences (MLD), 
ipsilateral and contralateral evoked 
stapedius muscle reflex studies, and di- 
chotic listening tests have provided ad- 
ditional tools for the differential diag- 
nosis of lesions between the periphery 
and varying locations in the central 
nervous system (CNS). 
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For example, auditory function stud- 
ies in pontine lesions have shown bi- 
laterality of pathologic adaptation, tone 
perversion, lower pure-tone thresholds 
than in nerve fiber cases, higher discrim- 
ination scores, and a higher percentage 
of cases with positive recruitment. 


Refinements in tympanometry make 
possible assessment of many tympano- 
ossicular and eustachian tube lesions. 
Of special value in differential analyses 
of seventh and eighth nerve lesions are 
the various permutations of the acoustic 
reflex. 


VESTIBULOMETRY AND VESTIBULAR 
LESIONS 


Although we cannot yet say that “we 
have discovered the primary lesion,” it 
is now apparent that the vestibular aque- 
duct plays a role in Méniére's of some 
significance. 


"We will discover what causes 
the primary lesion of Méniére's 
symptom complex and the true re- 
lationship of labyrinthine pressure 
changes to the triggering of the at- 
tacks” (E. P. Fowler, Sr.).: 


The early and now simplistic term 
"ENG" has grown into a substantive dis- 
cipline involving collaboration with 
neurologists, neurophysiologists, and 
ophthalmologists. Vestibular system dif- 
ferential diagnosis has been enriched by 
new information from comparison of 
optokinetic, command, and following re- 
sponses, studies, calibration “overshoot,” 
and other techniques. These have cata- 
pulted vestibulometry into a clinical 
discipline parallel to audiometry in scope 
and in accuracy. 


Computer technology has furthered 
our understanding of vestibular path- 
ways and their interactions. Digital and 
analog eye movement displays will aid 
differential diagnosis between periph- 
eral and CNS lesions. Much has been 
learned from histochemical studies in 
the course and distribution of efferent 
fibers of maculae of the utricle and sac- 
cule. Increasing problems of air, sea, 
and space travel have prompted contin- 
uing reassessments of mechanisms in- 
volved in vertigo, ataxia, dysequilibrium 
and motion sickness. 
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OTOPATHOLOGIC-NEUROPATHOLOGIC 
CONTINUUM 


In congenital and in acquired lesions 
we can hope for better delineation of 
pathology when we begin to obtain total 
auditory and vestibular pathway stud- 
ies. It is possible not to plan total path- 
way studies involving temporal bone, 
brain stem, and total brain pathology 
evaluation. 


It is a major step forward in this dec- 
ade and evidence of true progress to 


witness the final coming of age of such. , 


total auditory and vestibular pathway 
pathology studies. As we now begin to 
acquire more sophisticated premortem 
peripheral and CNS audiometric, ves- 
tibulometric, and neuroradiologic in- 
formation in sensorineural hearing loss 
cases and in complex neurovestibular 
cases, the otopathologic-neuropathologic 
continuum is the logical end point in in- 
formation acquisition. 


CONGENITAL DEAFNESS 


Our knowledge of congenital deafness 
has advanced far beyond multiple clas- 
sifications. Laboratory model approach- 
es offer new insights. Studies of DNA 
and RNA synthesis in the developing 
ear provide basic approaches to intra- 
cellular aspects. Anoxia studies have 
demonstrated differences in sensitivity- 
vulnerability of the central auditory 
pathway as compared with the cochlea. 
Nutritional neuropathies as studied by 
cyanide effects on chick embryo oto- 
cysts in vitro; and other tissue culture 
studies broaden our conceptual ap- 
proaches to auditory embryopathies. 


Observations of strial atrophy in ex- 
perimental deafness, studies of cochlear 
transport of horseradish peroxidase, and 
observations of electromicroscopic find- 
ings of the inner ears in deaf white mink 
are examples of vigorous new investiga- 
tive approaches. Teretogenic chemicals 
offer additional opportunities to study 
prenatal ototoxic changes. 


Evoked potential correlates of genetic 
progressive hearing loss in mice appear 
to be age-related changes, and have 
been localized from the inner ear to the 
inferior colliculus. In addition they 
show a recruitment pattern at CNS lev- 
els but not at auditory nerve levels. 
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New human congenital deafness syn- 
dromes have been identified. These in- 
clude new observations on Wildervanck 
syndrome, and in dominant inheritance 
of low-frequency hearing loss with reti- 
nitis pigmentosa. Congenital absence of 
the round window niche has been re- 
corded during surgery for congenital 
middle ear ossicular defects. Reports on 
hereditary macrothrombocytopathies, ne- 
phritis and deafness are increasing. The 
latter lesion (nephritis and deafness) can 
be an entity distinct from Alport dis- 
ease. 


INFECTIOUS DISEASES 
(MICROBIOLOGIC AND IMMUNOLOGIC 
PROBLEMS) 


The most frequent problem otologists 
deal with is otitis media with effusion 
(secretory otitis media, SOM), not only 
a very common but a frequently undiag- 
nosed and misdiagnosed otologic lesion. 
Uncounted SOM cases still never reach 
the otologist. 


Secretory otitis media research has 
come of age during this decade. Com- 
parative studies of distinct or coexisting 
viral (respiratory syncytial) and bac- 
terial (pneumococcal, etc) otitis media 
in pediatric populations have increased. 
Immunochemical and immunofluores- 
cent studies point to mechanisms other 
than infection alone. Immunogobulin 
A (IgA). immunoglobulin E (IgE) and 
immunoglobulin G (IgG). as well as 
lvsozvme immunochemical factors are 
clarifving allergic and other immuno- 
logic aspects of SOM etiology. Enzyme 
studies in middle ear and mastoid mu- 
cosa are also helping to enrich our 
knowledge — beyond the necessary ele- 
mentary “plumbing” approaches with 
middle ear ventilation (MEV) tubes. 


Tuberculosis otitis media and mastoid- 
itis are still with us, particularly in chil- 
dren. “But who knows, as with tuber- 
culosis and syphilis, miracles can hap- 
pen. However, from time to time there 
will be some resurgence as has occurred 
recentlv with both of these diseases” ( E. 
P. Fowler, Sr.).' Specialized approaches 
have been shown to be necessary includ- 
ing not only varied surgical techniques 
but the use of such drugs as ethambutol 
and paraaminosalicylic acid. 


. Syphilis dies and is reborn over and 
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over again. The *born-again" problem of 
ear syphilis involves new diagnostic tech- 
niques and new agonizing reappraisals 
of how to treat, how long to treat, and 
especially how to remember that syph- 
ilis, the great imitator, is still with us. 
For example, sudden deafness can be 
due to syphilitic meningitis, and can be 
reversible. 


Necrotizing external otitis (“malig- 
nant external otitis”) has taxed the 
therapeutic and surgical skills of otolo- 
gists for a number of years. We look for- 
ward to a new report on its pathology. 
Dramatic new responses to intravenous 
carbenicillin, ticarcillin, gentamicin, and 
tobramycin have not changed our think- 
ing to relatively nonsurgical manage- 
ment rather than that of immediate rad- 
ical surgery. Surgical procedures are 
now being revised to conservative re- 
moval of granulations and necrotic bone. 
Metronidazole (Flagyl®), which is ef- 
fective against anaerobes, can also play 
a role in the chemotherapv of malignant 
external otitis and may be an advan- 
tageous surrogate to gentamicin in order 
to avoid the ototoxicity properties of 
the latter. 


Chronic otitis media-mastoiditis re- 
quiring mastoid-tvmpanoplasty surgery 
still continues as the second most com- 
mon problem in otologic surgical prac- 
tice. Innumerable operative techniques 
filled the literature. However, durine 
this decade, there is evidence of sober 
reassessment of some previous widely 
used surgical approaches. Tt is refresh- 
inglv helpful to read reevaluative long- 
range studies. Thus, tympanoplasty is 
now reaching a more restrained and 
more realistic stature. Gimmickry ap- 
pears to be vielding to more basic surgi- 
cal principles. 


SYSTEMATIC DISEASES AND 
SENSORINEURAL HEARING LOSS 


With the exception of tuberculosis 
and syphilis, relationships of svstemic 
diseases to cochlear and central hearine 
losses have been largely anecdotal and 
only sporadically substantiated. Slow- 
lv, cause and effect factors are being 
demonstrated. 


The role of cytomegalovirus diseases 
in congenital deafness is now under in- 
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tensive 
teams. 


study by  virologist-otologist 


Temporal bone studies in herpes oti- 
cus show seventh and eighth nerve le- 
sions as well as cochlear perilymphatic 
space infiltrations. 


Congenital toxoplasmosis may well be 
a cause of hearing loss in humans as has 


been shown microscopically in mice and. 


guinea pigs. 


Deafness in renal patients involves 
complex interactions between renal di- 
alysis, kidney transplants and ototoxic 
drugs. Significant reversal of hearing 
losses following kidney transplantation 
has been reported in some cases. 


OTOTOXICITY 


The effects of Streptomyces antibio- 
tics are the subjects of intense research 
on guinea pig inner ears utilizing in- 
creasingly sophisticated electrophysio- 
logic and histologic studies. Experimen- 
tal attempts are underway to decrease 
the ototoxicity of streptomycin by the 
use of turpentine oil oxidation products. 


Possible ototoxic effects of topical 
chloramphenicol have been reported 
along with histochemical studies on ef- 
fects of salicylates on the inner ear. 


A new oral antidiabetic drug (R94) 
has been studied experimentally in some 
human volunteers with production of 
what has turned out, fortunately, to be 
reversible sudden deafness. 


A number of studies deal with the 
modes of action of aminoglycoside anti- 
biotics in attempts to explain selective 
injury limited to inner ear and kidney. 


SUDDEN HEARING LOSS 


At the beginning of this decade, sud- 
den sensorineural hearing loss was con- 
sidered to be of idiopathic etiology with 
1) viral, and 2) vascular presumptive 
factors. Indeed they predominate. Al- 
though there was great familiarity at 
the time with perilymph fistulae follow- 
ing stapes surgery or trauma, there was 
little or no clinical awareness of a pos- 
sible relationship between perilymph 
fistulae unrelated to surgery or to direct 
trauma, as etiologic factors in sudden 
cochlear hearing loss. 


Surgical demonstrations in this dec- 
ade of round/oval window fistulae in 
some cases of sudden sensorineural hear- 
ing loss have broadened the concepts of 
labyrinth membrane rupture which in- 
volve windows and/or intralabyrinthine 
membranes. Both "implosive" and “ex- 
plosive" sudden force factors have been 
identified in increasing numbers of pa- 
tients. Clear-cut etiologic factors are now 
recognized in connection with specific 
barotrauma factors as in air travel, scuba 
diving, submarine and related environ- 
mental pressure change conditions. 


Perilymphatic communication details 
between subarachnoid space, cochlear 
aqueduct, and scala tympani have stimu- 
lated further theoretical approaches to 
explosive labyrinth membrane ruptures. 
Similarly, tubotympanic factors associat- 
ed with forceful Valsalva maneuvers 
are undoubtedly significant in implosive 
labyrinthine membrane breaks. 


A crucial corollary to these develop- 
ments is the increasing number of new 
temporal bone pathology studies in 
which clear-cut vascular, tumor, or other 
nonlabyrinth membrane injury factors 
have been identified. Vascular etio- 
logic factors in sudden hearing loss have 
been emphasized by some recent studies 
of acetylcholinesterase activity in the 
perivascular nerve plexuses of the basi- 
lar and labyrinthine arteries. These stud- 
ies have added to theories of potential 
angiospasm and true vascular occlusions 
of inner ear arteries. This is not only 
significant in sudden or chronic forms of 
cochlear hearing loss, but certainly also 
in a number of vestibular lesions. 


A dramatic example of the problem of 
vascular etiology is a recent report of 
sudden sensorineural hearing loss due 
to a subarachnoid hemorrhage, with in- 
ternal auditory canal hemorrhage, punc- 
tate cortical hemorrhages and arteriolar 
thickenings involving the superior cere- 
bellar hemisphere. Major cochlear 
changes included total loss of the organ 
of Corti, severe degeneration of the stria 
vascularis, spiral ligament, outer sulcus 
cells and cochlear nerve fibers. 


Classically there was an overreaction 
to the new labyrinthine rupture concept. 
At first there was skepticism about the 
reports of labyrinth membrane ruptures. 
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More recently, they are being reported 
very widely. Time will bring greater 
objectivity to both extremes. 


Again it must be emphasized that the 
so-called bottom line in this, as in other 
clinical concepts, will come from the 
human temporal bone pathology lab- 
oratory. This decade has seen the com- 
ing of age of many new temporal bone 
pathology laboratories throughout the 
otologic world. 


TUMORS 


Glomus jugulare (chemodectoma ) tu- 
mors occur throughout the head and 
neck but involve the ear and contiguous 
areas frequently. New otoradiologic and 
neurootologic diagnostic techniques 
have radically improved precise locali- 
zation. Increasingly extensive surgical 
approaches and less commonly applied 
radiation therapy constitute the main 
avenues of treatment. Of unusual in- 
terest during this decade is the develop- 
ment of another technique, namely that 
of producing deliberate occlusion of the 
vessels “feeding” the glomus tumor by 
catheter injection of ferromagnetic sili- 
cone in a superconducting magnetic 
field. Microspheres of iron are mixed 
with silicone for the injection. After di- 
rect injection (under x-ray) through 
small catheters on the tumor bed, a cata- 
lyst of stannous octoate is added, pro- 
ducing immediate vulcanization without 
noxious effect. Such “starving” of an 
extensive glomus tumor produces rather 
dramatic shrinkage of the tumor mass. 


Acoustic neurinoma management has 
been greatly improved during this dec- 
ade. Sophisticated audiometric and ves- 
tibulometric studies in conjunction with 
otoradiologic diagnostic advances expe- 
dite earlier and more precise diagnoses. 


Among the technical advances in 
eighth nerve tumor management ap- 
proaches which have occurred during 
this decade is the extraordinary nonsur- 
gical management approach involving 
the use of the stereotaxic gamma knife. 
With a total radiation at one sitting of 
3000 rads, substantial reductions in tu- 
mor size and improvements in both 
cochlear and vestibular functions have 
been reported from Sweden. 


Embryonal rhabdomyosarcoma of the 
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temporal bone has heretofore been con- 
sidered to be a virtually totally hopeless, 
fatal disease in children. With the ad- 
vent of new cobalt irradiation methods, 
following surgical excision, combined 
with the uses of dactinomycin, vincris- 
tine, and cyclophosphamide, a number 
of apparent “cures” are being reported 
with some patients remaining well as 
long as four to five years after comple- 
tion of the therapeutic program. This 
is an extremely encouraging develop- 
ment during this decade in a disease 
previously considered to be totally hope- 
less. 


HEARING AIDS AND COCHLEAR 
IMPLANTS 


The decade has brought enormous in- 
creases in utilization of hearing aids 
with a number of technical advances. 
However, they are still less than ideal 
solutions for patients with sensorineural 
hearing losses. Various permutations of 


“contralateral w of signal" 
(CROS) techniques show promise for 
the future. 


Cochlear implants have been vigor- 
ously advocated by a number of groups 
throughout the world during this de- 
cade. All of us who deal withtotally deaf 
patients indeed hope that such implants 
will prove to be x1 help. “Direct stimu- 
lation of the cochlea nerve will from 
time to time be discovered. There is no 
indication that it will ever succeed in 
enabling a patient to readily hear 
speech" (E. P. Fowler, Sr.).* We all 
hope that Dr. Fowler’s pessimistic pre- 
diction will prove to be untrue. 


CONCLUSION 


As I conclude my “musings” regard- 
ing this past decade, I am faced with 
the sober realization that there may not 
be as rich a story of progress in the 
forthcoming next decade, probably be- 
cause of the diminishing amount of 
funds for research. "The modern craze 
for 'good causes' and the efforts to abol- 
ish poverty will, because of the ex- 
pense involved, more and more diminish 
the money required for research" (E. P. 
Fowler, Sr.).* 


It may well be that the problems of 
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poverty and other sociological causes 
will continue to bear out Dr. Fowler's 
pessimistic prediction that there will be 
less and less money available for re- 
search from government sources. 


How does one define progress? Some 
recent Webster definitions are rather 
curious. They include 1) *a royal jour- 
ney marked by pomp and pageant, 2) a 
forward or onward movement (as to an 
objective or to a goal); and 3) gradual 


betterment; esp, the progressive devel- 
opment of mankind." 


My evaluation of otologic progress 
during this decade has not been Web- 
sters first definition “a royal journey 
marked by pomp and pageant." I do 
hope that it has reflected my paraphrase 
of Websters third definition, namely a 
gradual betterment, especially the pro- 
gressive development of otology for the 
benefit of mankind. 
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Some of my otological friends sug- 
gested that I look back to the early 
days of my association with the Ameri- 
can Otological Society and tell you 
something about how it was and who 
was who in the roaring twenties. I shall 
follow this direction, and shall center my 
remarks on one of the Grand Old Men 
of thë Society whom I admired greatly: 
Dr. Edmund Prince Fowler, Sr. He will 
be the starting point for several free as- 
sociations. Pardon me if I telescope 
some dates and am satisfied with less 
than complete accuracy of detail. I will 
tell you what my memories are: not 
necessarily exactly how it really was. 


My association with the American 
Otological Society began in 1930 or 31 
when, as a neurophysiologist at Harvard 
Medical School, I was trying to assemble 
up-to-date electronic and acoustic 
equipment to study the electrophysi- 
ology of the ear. I think it was Dr. D. H. 
Walker, another grand old man, who 
learned of my project and persuaded the 
American Otological Society to give me 
a substantial grant. This, combined with 
help from medical school research 
funds, ^put me in business." I think Ed- 
mund Fowler conspired with Dr. Walk- 
er in securing this grant from the sacro- 
sanct Otosclerosis Research Fund, which 
was sitting very idle at the time. This 
was in the Great Depression, and long 
before Uncle Sam learned to care about 
medical research. The help was critical, 
and I gave thanks again to the Society 
for it, and also for the contact that it 
provided me with top-level otology. 


Top-level otology of the kind that I 
best understood was personified by Ed- 
mund P. Fowler. He was interested in 
hearing. I became aware of his early 
work with the electric audiometer de- 
veloped by the Bell Telephone Labora- 


tory and his interaction with another 
grand old man, Harvey Fletcher. Har- 
vey is now 94 years old, the second old- 
est living member of the National Acad- 
emy of Sciences. Harvey Fletcher mea- 
sured human hearing as part of the Bell 
Telephone Company's effort to improve 
telephones. Somehow Harvey. Fletcher 
and Edmund Fowler got together. Fow- 
ler was very instrumental in developing 
the audiogram as a display of hearing 
loss that would be easily appreciated 
by otologists, and then in persuading 
otologists to use the bulky and expen- 
sive 2A audiometer in addition to their 
time-honored tuning forks. He persuad- 
ed Fletcher to give up the confusing 
term "sensitivity unit" in favor of "deci- 
bel" (Was that really simpler?) I don't 
need to remind you of Fowler's discov- 
ery and naming of recruitment of loud- 
ness. 


Fletcher and Fowler respectively de- 
veloped and implemented speech audi- 
ometry (the 4C audiometer) for screen- 
ing school children for hearing loss. Out 
of a survery in New York City came a 
spectacular statistic that figured rather 
prominently in an advertising contro- 
versy many years later. This was “3,000,- 
000 hard-of-hearing children in the 
United States" Remember that one? 
The total was estimated by applying to 
the U. S. population of children the per- 
centage that failed the 4C screening test. 
No one seemed to know or care that the 
percentage of failures was built into the 
scoring system. It was the percentage 
that fell outside the two-standard-devia- 
tions limit of the scores of the group. 
But perhaps this bit of statistical leger- 
demain actually helped the cause of 
hearing conservation in children. 


The American Otological Society in- 
vestment in my equipment began to pay 
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off in 1932. Word got around the Har- 
vard Medical School that "something 
was going on about hearing" in the De- 
partment of Physiology. The chairman 
of the ENT Department, Harris P. Mo- 
sher, sent one of his brightest young 
men around to see what was up. He 
was Moses H. Lurie. Moe and I had met 
in 1917 on board the S. S. Chicago on 
our way to France to serve as doctor and 
ambulance driver respectively. We had 
not seen each other since, but we be- 
came firm buddies again on the spot. I 
never had done any histology, but Moe 
knew how. I needed help, and Moe 
joined the team, WOC (without com- 
pensation ). I practiced the old business 
maneuver of taking in a partner to pro- 
vide an essential asset. Bill Derbyshire, 
and later S. S. Stevens, (my students) 
and I had all the fun in the laboratory 
doing the experiments and Moe did the 
laborious anatomical follow-up after- 
wards. (Its a fine system and I have 
used it ever since.) 


Fully as important, we were invited 
to present our results at an American 
Otological Society meeting. We shot the 
works and set up a live demonstration 
in a hotel dining room (in Philadelphia, 
I think). Bill Derbyshire anesthetized the 
cat, performed craniotomy, excised part 
of the cerebellum to expose the eighth 
nerve, and put an electrode on the round 
window — all in a serving pantry during 
dessert. How we dared try this with 
portable electronics and primitive acous- 
tics I don't know, except that we were 
young and foolish: but it worked. We 
demonstrated the difference between 
cochlear microphonics and action po- 
tentials. I may have condensed two epi- 
sodes into one, but my memory of the 
sight of that eighth nerve in the hotel 
pantry is as vivid as any I possess. 


This performance earned us a place 
year after year on the programs of the 
American Otological Society along with 
other scientists such as Barry Anson, 
Theodore Bast, Stacy Guild, and Walter 
Hughson. Dr. Edmund Fowler was one 
of our strongest and most appreciative 
supporters, but I dont think he ever 
knew what some of us called ourselves. 
Moe and Bill and I and perhaps others 
referred to ourselves as "the trained 
seals." We did our acts regularly, and 
published papers and were very well 





fed. The more fortunate trained .seals 
were made Associate- ) 
Fowler was one of our trainers; and- Moe. 
Lurie and I got quite chummy with him. 
One year — about 1936 — at the cocktail 
party before the American Otological 
Society dinner Moe Lurie, Dr. Fowler 
and I were chatting together. Dr. 
Fowler raised his glass and proposed a 
surprising toast: “To the quick immedi- 
ate and total destruction of the entire 
human race." 


For many years thereafter we three 
drank to the same toast at our second 
martini. There was, however, a lapse of 
about five years with no toast after the — 
nuclear bombs were dropped on e 
Somehow it didn't seem funny then 
even at a third martini — but we re- 
sumed it later as a reminder of the good 
old days when it was funny. 


After the War I became deeply in- 
volved in problems of design and distri- 
bution of audiometers and hearing aids; 
and was made chairman of the AMA 
Committee that dealt with such prob- 
lems. Sure enough, there were E. P. 
Fowler, Sr, Moe Lurie and several 
other grand old men. I soon found that 
the otologists and the hearing aid deal- 
ers considered themselves natural ene- 
mies. The otologists were the champions 
of defenseless senior citizens against the 
hard sell of unscrupulous dealers. Hear- 
ing aids were all right for the conductive 
impairment of otosclerosis or chronic 
otitis media, but the otologists’ conven- 
tional wisdom for the elderly was: “You 
have nerve deafness, and a hearing aid 
won't help you. Save your money!" Un- 
fortunately at that time “nerve deafness” 
was any hearing loss that showed up by 
bone conduction, including presbycusis. 
Otologists were slow to learn that with a 
soft sell and realistic expectations a 
hearing aid does help a great many peo- 
ple with old-fashioned nerve deafness. 
Otherwise there woud be no hearing aid 
business now — especially since some of 
our grand old men with their stapes 
surgery have taken so much of oto- 
sclerosis out of the hearing aid market. 


In the same evangelistic spirit we 
tried to control the advertising claims of 
the manufacturers. Our committee met 
with representatives of the manufactur- 
ers annually, and carried on a useful dia- 
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logue. Horns and tails ceased to be so 
visible, and. most manufacturers re- 
duced. théir:advertising puff. We were, 
so to speak, the referees of their com- 
petition: But one company president 
réfuged: to modify his advertising in ac- 
cord with our criticisms. Among other 
things he exploited deceptively the 3,- 
000,000 hard-of-hearing children that 
Fletcher and Fowler had “discovered.” 
When we made noises about going pub- 
lic with our opinions he countered with 
noises of his own about a lawsuit against 
the AMA. I think he knew very well 
that the AMA had already been con- 
victed once under the Sherman Act for 
unlawful restraint of trade. The penalty 
was nominal and very mild for a First of- 
fense but for a second offense it was 
ferocious, and would have been disas- 
trous, both politically and financially. I 
had a couple of hasty conferences with 
an AMA vice-president and a legal ad- 
viser and we executed a safety play. I 
say “executed” advisedly. It was the 
quick, immediate and total destruction 
of the entire AMA committee. 


Of course we regrouped and were 
soon back in business under the auspices 
of the AAOO, but we were very circum- 
spect about our “listing” of “acceptable” 
audiometers and hearing aids. We also 
devoted much attention to Conservation 
of Hearing, first in children and then in 
industry. Same grand old men and some 
others not so old but just as grand. One 
job that I was inyolved in was to revise 
the AMA rules for calculating percent- 
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age of hearing loss from audiometric 
thresholds. The basic idea had been 
Fletchers, and his very simple “point 
eight” rule had been elaborated by 
whom else but E. P. Fowler Sr. (in col- 
laboration with a physicist, Paul E. Sa- 
bine). Fowler and Sabine went into 
great detail, but this made the rule too 
complicated and it never got off the 
ground. All we did later was to draw a 
straight line through Fowler’s beautiful 
ogive and leave out the second-order 
corrections. Unfortunately Fowler's 
name is no longer associated with it. 


In closing I note that the efforts 
of physiologists and psychoacous- 
ticians to understand and explain 
hearing have continued to be a proper 
although secondary interest of the Amer- 
ican Otological Society. You have en- 
couraged us and helped to develop our 
sense of proportion. I recall an immortal 
put-down that I heard Stacy Guild, an 
anatomist, use more than once to end the 
discussion of a presentation by an en- 
thusiastic physiological “trained seal" 
such as myself. He would lower his voice 
about a major third and intone: “Gentle- 
men: we still dont know how we hear.” 
To this I say “Amen.” The more we 
know, the worse do our time-honored 
simple models serve us. We don't even 
know how the ear works, let alone the 
brain. 

There will always be a place for 
Grand Old Men such as Stacy Guild 
and Edmund Prince Fowler, Sr. — and 
I hope for their "trained seals" as well. 


Reprints — Hallowell Davis, MD, Central Institute for the Deaf, 818 South Euclid, St. 


Louis, MO 63110. 
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VESTIBULAR NEUROANATOMY 
RECENT OBSERVATIONS 





Iucuagmp R. Gacex, MD 
SYRACUSE, NEW YORK 

The modern neuroanatomical technique of using a retrograde axoplasmic tracer (horse- 
radish peroxidase) to label neurons has aided the revelation of several important connections 
in the vestibular system. The organization of the oculomotor nucleus and the existence of:an 
interneuron in the abducens nucleus have importance in understanding some ocular disorders. 
A detailed description of the location of vestibulo-ocular neurons to individual extraocular mus- 
cles is now available which may provide a basis for understanding how these reflexes function 
normally and abnormally. Interconnections between the vestibular nuclei are provided by com- 
missural neurons located in the superior, medial and group Y nuclei. These projections are 
probably of importance in vestibular compensation. A possible hypothesis of vestibular. hair cell 
projection suggests that type I cells project over vestibulo-ocular neurons while type H cells 


project over commissural pathways. 


Prior to 1971 neuroanatomical con- 
nections in the central and peripheral 
nervous system were demonstrated pri- 
marily by anterograde fiber degenera- 
tion techniques and the retrograde cell 
change method.-? These techniques 
made possible the observation of 
many anatomical projections in the ves- 
tibular pathway. Although the antero- 
grade technique has been useful in dem- 
onstrating the course and termination of 
long fiber tracts, the retrograde cell 
method was significantly limited in its 
ability to clearly and consistently dem- 
onstrate the cell origins of such fiber 
pathways. Other techniques such as au- 
toradiography ^ require sophisticated 
methodology and are often difficult to 
interpret because of background activ- 
ity. 

The demonstration that tracers could 
be carried by retrograde axoplasmic 
flow over long distances to the cell body 
of motor neurons ushered in a new era 
in neuroanatomical investigation.*^ This 
technique has been used to identify 
many of the second and third order neu- 
rons in the vestibular system. In the 
central vestibular pathways, the great- 
est contribution from a careful applica- 
tion of this technique has been the dem- 
onstration of the organization of nuclear 
masses. The extraocular nuclei and the 
vestibular nuclei have been studied in- 


tensively in our laboratory because of 
their importance in the vestibulo-ocular 
reflex. This report will summarize some 
of the new neuroanatomical connections 
revealed by this method over the past 
seven years and suggest their signifi- 
cance in the clinical evaluation of the 
vestibular system. 


EXTRAOCULAR NUCLEI: 
OCULOMOTOR NUCLEUS ( III) 


The oculomotor or third nerve nucleus 
is the most complex of the extraocular 
nuclei since it contains the motor neu- 
rons which innervate four eye muscles. 
These are superior, inferior and medial 
recti and inferior oblique muscles. The 
past uncertainty regarding the location 
of motor neuron groups in this nucleus 
was due mainly to the difficulty in ob- 
taining clear-cut changes in small cells 
with the retrograde cell change method. 
The use of horseradish peroxidase 
(HRP) as a tracer injected into the in- 
dividual extraocular muscles of the kit- 
ten has revealed an orderly arrangement 
of neuron groups in the oculomotor nu- 
cleus. The model in Figure 1 shows that 
the subgroups of the third nerve nucleus 
are arranged as discrete nuclear masses 
with two located in the rostral hàlf of 
the nucleus and two in the caudal half. 
The subgroups for the medial and in- 
ferior recti are oriented dorsoventrally 
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Fig. 1. Drawing of a model of the ocu- 
lomiotor nucleus viewed from above show- 
ing the organization into subgroups sup- 
plying extraocular muscles. SR - Superior 
rectus; IR - Inferior rectus; IO - Inferior 
oblique; MR - Medial rectus. 


in the rostral half of the nucleus while 
the superior rectus and inferior oblique 
subgroups comprise the caudal half. This 
arrangement indicates that it is possible 
to obtain an isolated paresis of individ- 
ual eye muscles following a central vas- 
cular lesion involving a particular sub- 
;roup: This model also serves as a guide 
or neuroanatomical experiments which 
are designed to locate the position of 
the vestibulo-ocular (VO) neurons pro- 
jecting to each of these subgroups. 


A particularly interesting connection 
has been demonstrated between the ab- 
ducens and the oculomotor nuclei. Sug- 
gestive evidence of such an interneuron 
was observed when a consistent number 
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of unlabelled cells were seen in the ab- 
ducens nucleus following the injection 
of large amounts of tracer to the lateral 
rectus muscle. This observation indicat- 
ed that these unlabelled neurons project- 
ed to a location other than to the lateral 
rectus muscle. Confirmation of a dif- 
ferent termination for these abducens 
neurons was made when the injection of 
tracer into the medial rectus subgroup 
of the oculomotor nucleus consistently 
labelled neurons contralaterally in the 
abducens nucleus’ (Fig. 2). These ex- 
periments established an interneuron lo- 
cated in the abducens nucleus which 
projects contralaterally to the medial 
rectus subgroup (Fig. 3). It is this inter- 
neuron which has been implicated in the 
syndrome of anterior internuclear oph- 
thalmoplegia, a  neuroophthalmologic 
finding in demyelinating disorders such 
as multiple sclerosis. This syndrome con- 
sists of a disturbance in conjugate eye 
movements where the contralateral eye 
fails to adduct with abduction of the ip- 
silateral eye but adduction bilaterally 
is preserved on convergence. The demy- 
elinating process presumably affects the 
axons of this interneuron during its 





Fig. 2. Dark field photomicrograph showing labelled interneurons (arrows) in the 
contralateral abducens nucleus following injection of HRP into the medial rectus sub- 
group. 7 - Facial nerve; MLF - Medial longitudinal fasciculus. 
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Fig. 3. Drawing summarizing the ves- 
tibulo-ocular pathways for horizontal eye 
movements. MR - Medial rectus subnu- 
cleus; ATD - Ascending tract of Deiters; 
MLF - Medial longitudinal fasciculus; 
NPH - Nucleus prepositius hypoglossi. 


course in the medial longitudinal fas- 
ciculus (MLF). 


VESTIBULAR NUCLEI: VESTIBULO- 
OCULAR REFLEX (VOR) 


Several new observations in the neural 
projections for VOR have been revealed 
by the HRP tracer technique. Utilizing 
small injections of tracer into the sixth, 
fourth and subgroups of the third nu- 
cleus, neurons in the vestibular nuclei 
which activate these eye muscles have 
been identified.’ The location and type 
of vestibulo-ocular neurons have been 
determined which may have significant 
clinical implications. 


The activation of these vestibulo- 
ocular neurons is dependent on the 
termination of first order vestibular neu- 
rons in the vestibular nuclei! Neuron 
degeneration studies have shown that 
canal afferents terminate mainly in the 
superior and medial nuclei but also in 
the lateral nucleus to a smaller degree. 
Utricular afferents end in the lateral nu- 
cleus (ventral portion), and the rostral 
parts of the medial nucleus. The saccu- 
lar afferents terminate in the lateral, 
medial and group Y nuclei. The nearby 
infracerebellar nucleus probably also re- 
ceives an input from the saccule.’ Vesti- 





of the VO pathways 
for vertical and oblique eye movoments. 
BC - Brachium conjunctivum; IFC - In- 
fracerebellar nucleus; S - Superior vestib- 
ular nucleus; L - Lateral vestibular nu- 
cleus; M - Medial vestibular nucleus; D=. 


Fig. 4. Drawin 


Descending vestibular nucleus. 





bulo-ocular reflexes are, therefore, par- 
ticularly important for semicircular can- 
al function, less so for utricular activity 
and least for the role of the saccule. 


The VO neurons which project to eye 
muscles serving horizontal movements 
(medial rectus and lateral rectus) are 
located almost entirely. within the me- 
dial vestibular nucleus? (Fig. 3). Fur- 
thermore, these neurons are concentrat- 
ed in the rostral part of the medial nu- 
cleus where the dorsal acoustic stria 
penetrates this nuclets. Most of these 
neurons project directly to the nearby 
abducens nuclei while some combine 
with cells in the lateral nucleus to form 
the ascending tract of Deiters, which 
reaches the ipsilateral medial rectus 
subgroup. This tract courses lateral to 
the MLF and is, therefore, remote from 
the vicinity of the fourth ventricle. The 
abducens interneuron completes the 
neuronal circuitry for horizontal move- 
ments by forming a link between the 
lateral rectus and contralateral medial 
rectus. 


Those vestibular nuclear neurons 
which supply the eye muscles respon- 
sible for vertical and oblique move- 
ments (superior and inferior recti, su- 
perior and inferior oblique) are far 
more numerous than those responsible 
for horizontal movements, and are lo- 
cated in both the superior and medial 
vestibular nuclei as well as the infracere- 
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Fig. 5. Dark field demonstration of labelling in the A) Infracerebellar nucleus fol- 
ing injection of the third nucleus with tracer; B) Group Y nucleus following injection of 
the contralateral Y nucleus with tracer. L - Lateral vestibular nucleus; R - Restiform 
body; IFC - Infracerebellar nucleus. 
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bellar nucleus?? (Fig. 4). The contra- 
lateral MLF pathway arises from the 
caudal region of the medial nucleus 
while the cells forming the ipsilateral 
MLF tract are located in the superior 
vestibular nucleus. Additional VO neu- 
rons to these eye muscles are located in 
dorsal portions of the superior nuclei 
and project bilaterally to the third and 
fourth nuclei by way of the brachium 
conjunctivum. Furthermore, the infra- 
cerebellar nucleus which is near the 
group Y nucleus (Fig. 5) provides a 
vestibulo-ocular linkage with the third 
and fourth nuclei from its peripheral 
input, the saccule. The VO neurons in 
this nucleus also reach the extraocular 
neurons by way of the brachium con- 
junctivum. 


The difference in location, number, 
and projection pathways of VO neurons 
for horizontal ocular movements and 
those activating vertical and oblique 
movements (Figs. 3 and 4) offer a cred- 
ible explanation for the perversion of in- 
voked caloric nystagmus in cases with 
fourth ventricle neoplasms or cere- 
bellar cysts. It is likely that the super- 
ficial location of abducens VO neurons 
in the medial vestibular nucleus renders 
them vulnerable to compression by tu- 
mors which extend to the fourth ventri- 
cle floor. Elimination of these abducens 
VO neurons would impair horizontal eye 
movement, Tt is less likely that the com- 
pressive effect of such tumors is directly 
upon the abducens nucleus which is pro- 
tected by the overlying facial nerve at 
its first genu. On the other hand, the VO 
linkages for vertical and oblique eye 
movements are far more numerous, are 
remotely located in the superior and in- 
fracerebellar nuclei, and travel over 
fiber tracts (rostral medial longitudinal 
fasciculus, brachium conjunctivum ) that 
are protected from pressure in the fourth 
ventricle. Invoked nystagmus from ca- 
loric stimulation of the lateral canal in 
such cases of fourth ventricle tumor 
would, therefore, be manifested by a 
vertical and oblique nystagmus rather 
than the expected horizontal nystagmus. 


A substantial group of small neurons 
known as the nucleus prepositus hypo- 
glossi have been shown to be involved 
in vestibulo-ocular reflexes.!^ Tracer ex- 
periments have demonstrated conclu- 





-671 





Fig. 6. Drawing of the commissural 
connections between the vestibular nu- 
clei. Y - Group Y nucleus. 


sively that these small numerous cells 
project to all of the extraocular nuclei. 
Physiological studies have confirmed 
that they exert an effect on motor neu- 
rons to the eye muscles. Their precise 
role in the VOR, however, is not clear 
at this time. 


VESTIBULOVESTIBULAR 
(COMMISSURAL) CONNECTIONS OF 
VESTIBULAR NUCLEI 


The tracer method has demonstrated 
that the commissural neurons are locat- 
ed primarily in the superior, medial ves- 
tibular nuclei and group Y nuclei" (Fig. 
6). These commissural neurons are small 
and very numerous. They are predom- 
inantly located in the peripheral areas of 
the superior nucleus and the rostral ex- 
tension of the medial nucleus (Fig. 7), 
and terminate in the superior and me- 
dial nuclei of the contralateral side. The 
group Y nucleus which receives periph- 
eral input from the. saccule is purely 
commissural (Fig,".5) and projects 
transversely at the rostral level of the 
superior vestibular nuclei to terminate 
presumably in the contralateral Y nu- 
cleus. The commissural projections are 
probably of significance in the compen- 
satory mechanism which the. vestibular 
system utilizes following unilateral abla- 
tion of the labyrinth. 


A characteristic feature of the ves- 
tibular nuclei is that those nuclei which 
serve both vestibulo-ocular and com- 
missural functions are populated by 
large and small neurons. In the superior 
nucleus, the large cells occupy the cen- 
tral area of the nucleus while the small 
cells are located peripherally in the nu- 
cleus (Fig. SA). The rostral extension 
of the medial nucleus has small cells fill- 
ing the nucleus with the large neurons 


*Gacek RR: Location of trochlear vestibulo-ocular neurons in the cat. Unpublished data. 
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Fig. 7. Dark field view of the medial vestibular nucleus with labelled commissural 
neurons following placement of tracer in the contralateral vestibular nuclei. Most of the 
neurons in this part of the nucleus are commissural. Compare to Fig. 8B. DAS - Dorsal 


acoustic stria; 4 - Fourth ventricle. 


located ventrally and somewhat scat- 
tered among the small ones (Fig. 8B). 
Group Y is made up entirely of small 
cells but is capped dorsally by the infra- 
cerebellar nucleus which has larger neu- 
rons that project to the third and fourth 
nuclei and are responsible for vestibulo- 
ocular connections. The more numerous 
small neurons in the superior, medial 
and group Y nuclei are responsible for 
the commissural projections. 


TERMINATION OF TYPE I AND TYPE II 
VESTIBULAR HAIR CELLS 


An enlarging collection of data now 
suggests that the type I and type II hair 
cells in the vestibular end-organs, par- 
ticularly the cristae, project over differ- 
ent first order neurons to separate lo- 
cations within the vestibular nuclei. The 
type I hair cells are innervated by large 
caliber first order neurons which termi- 
nate on the large second order neurons 
located in the central portion of the su- 
perior vestibular nucleus! They serve 
vestibulo-ocular reflexes.” The type II 


hair cells innervated by small caliber af- 
ferent neurons project to the peripheral 
zones of the superior nucleus where con- 
tact is made primarily with small neu- 
rons.' It is also possible that some con- 
tact with large vestibulo-ocular neurons 
may be made by these small afferents. 
These anatomical correlates have been 
supported by physiological observations 
that the spontaneous electrical activity 
in these two types of afferent neurons is 
different with the large afferents dis- 
playing an irregular spontaneous dis- 
charge pattern while the small afferents 
have a regular discharge pattern.12-4 
An attractive hypothesis holds that the 
type I and type II hair cells of the cris- 
tae project via different first order neu- 
rons to those regions of the superior ves- 
tibular nucleus where separate second 
order neuron projections are formed. 
Type I hair cell activity is projected to 
the extraocular nuclei while the type II 
hair function is mediated commissurally 


(Fig. 9). 
The hypothesis can be used to explain 
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Fig. 8. Photo of the neuron types in the A) superior and B) rostral medial nucleus 
as demonstrated by the thionine technique. The large neurons in both nuclei are vestib- 
ulo-ocular while the small cells are commissural. 4 - Fourth ventricle. 





Fig. 9. Drawing of the hypothesized 
central connections of type I and II hair 
cells in the cristae. VO - Vestibulo-ocular 
neurons; VV - Vestibulovestibular con- 
nection. 


some clinical situations. 1) When strep- 
tomycin has been used to ablate periph- 
eral vestibular function, abolition of 
the vestibulo-ocular reflex to ice water 
stimulus is used to indicate the end 
point. Histological examination of ves- 
tibular end-organs after this effect in 
the laboratory animal reveals that all 
type I hair cells are degenerated but 
that type II hair cells remain. In strepto- 
mycin-ablated human patients treated 
for bilateral Méniére's disease where 
caloric function has been abolished by 
the use of this antibiotic, the patients 
often retain better equilibrium than if 
bilateral surgical destruction of the 
labyrinths was carried out. Although it 
is probable that the otolith organs are 
partly responsible for some of this resid- 
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ual vestibular function, it is also possible 
that the commissural function mediated 
by remaining type II hair cells may be 
responsible. 2) It has been observed 
clinically that loss of the vestibulo-ocular 
reflex is not an accurate evaluation of 
the presence or absence of function in 
a labyrinth. This is exemplified by those 
patients who have lost all response to 
ice water caloric stimulation but contin- 
ue to have a significant vestibular dis- 
turbance. When these patients with uni- 
lateral ear disease are subjected to com- 
plete surgical ablation, they experience 
an immediate postoperative vestibular 
disequilibrium indicating a recent loss 
of vestibular function, but eventually 
recover and are relieved of their pre- 
operative vestibular symptoms. This 
course of events suggests that some 
functional component in the vestibular 
sense organs, especially the cristae, has 
been ablated, and was probably re- 
sponsible for the vestibular disturbance. 


The number of anatomical connec- 
tions revealed by the HRP tracer meth- 
od has been increasing steadily over re- 
cent years. The clinical and research 
significance of these observations have 
been discussed in this report. A more 
sophisticated use of the tracer technique 
is now being employed to localize pre- 
c'sely the point to point projection of 
neurons within the vestibular system. 
Only after a complete detailed descrip- 
tion of the vestibular system has been 
achieved can we logically approach ves- 
tibular function and dysfunction. 
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- HEARING AND AGE 
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BanBARA GasrEL, MD, MPH 


BETHESDA, MARYLAND 


Just as the ear trumpet once symbolized the elderly, so do contemporary approaches to 
hearing loss in the aged reflect many of the major themes in geriatrics and gerontology today. 
This paper begins by describing the National Institute on Aging (NIA) with particular empha- 
sis on activities relevant to hearing in the elderly. Next, several areas of research interest, in- 
cluding the typology of presbycusis and related conditions, the epidemiology of auditory im- 
pairment in old age, the design of testing and research, and the rehabilitation of the hearing- 
impaired elderly, are addressed. The NIA and the National Institute of Neurological and Com- 
municative Disorders and Stroke ( NINCDS) are coordinating their efforts to stimulate investi- 


gation of these and related topics. 


Hearing impairment is a frequent fea- 
ture in stereotypes of the aged in our 
society. A well-known children's song 
portrays an old woman as hearing only 
what she wants to hear; she claims to be 
nearly deaf when asked if she likes to 
cook and clean, but her hearing sudden- 
ly improves when she receives a mar- 
riage proposal The elderly character 
with ear trumpet in hand often appears 
in literature and drama. Even the adver- 
tising industry employs this image, as its 
scripts use questions from the hard-of- 
hearing aged as cues to repeat key in- 
formation. 


In science and medicine as in popular 
culture, our views of hearing loss in the 
elderly often have reflected prevailing 
concepts of aging. Likewise, contem- 
porary approaches to gerontology and 
geriatrics can enhance our understand- 
ing and management of hearing impair- 
ments in the elderly. Therefore, we shall 
discuss current concepts of aging, par- 
ticularly as they relate to the need for 
research on hearing. Although we are 
not otologists and therefore will not 
dwell on the technical aspects of pres- 
bycusis and other disorders, we hope 
that the observations that we bring 
from the field of aging will stimulate 
interest, clinical sensitivity, and research. 


NIA AND HEARING 


Before addressing specific concepts 
of aging and particular research needs, 
we would like briefly to describe the 
National Institute on Aging (NIA) and 
its activities, especially as they relate 
to hearing. The NIA, one of the 11 
National Institutes of Health (NIH), 
was established by Congress in 1974 for 
the “conduct and support of biomedical, 
social and behavioral research and train- 
ing related to the aging process and the 
diseases and other special problems and 
needs of the aged.” The NIA empha- 
sizes extending the healthy middle years 
of life and increasing the quality of life. 
In this respect, attention to age-associat- 
ed hearing impairments is particularly 
appropriate—for although hearing loss 
is not a direct cause of death, it can 
profoundly diminish the quality of life 
of the aged. 


A major impetus for the establishment 
of the NIA was the striking increase in 
both proportion and total number of 
elderly in this country. In 1900, only 3.1 
million Americans, or 4% of the popula- 
tion, were over age 65. At present, indi- 
viduals over age 65 number 24 million 
and constitute 112 of the population. 
The Bureau of the Census predicts that 
by the year 2030 this age group will 
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number 52 million and represent 13 to 
21% of this country’s people. Thus, as 
the post-World War II baby boom grows 
gray, hearing loss is likely to assume in- 
creasing magnitude. 


As stipulated by Congress when it 
created NIA, one of the Institute’s initial 
activities was the establishment of a 
research plan on aging. This plan? is 
based on reports submitted by three 
panels of experts. Two of the three pan- 
el reports, those on biomedical research? 
and on behavioral and social sciences re- 
search,* note that hearing loss is a sig- 
nificant problem for the aged and call 
for research on this topic. 


Interest in hearing is evident in var- 
ious NIA research programs. The NIA 
currently conducts most of its intramural 
research at the Gerontology Research 
Center (GRC) in Baltimore. Among the 
main projects at GRC is the Baltimore 
Longitudinal Study of Aging, in which 
650 male volunteers have undergone ex- 
tensive batteries of tests every year to 
two years since 1958; women joined the 
study in 1978. The tests performed in- 
clude audiometry, the results of which 
are now being analyzed cross-sectional- 
ly, longitudinally, and in relation to 
findings on tests of cognitive function. 
In addition, scientists at the GRC have 
studied dichotic listening cross-section- 
ally in longitudinal study participants 
and are beginning to collect longitudi- 
nal data on performance on this task. 


The Extramural and Collaborative 
Research Program (ECRP) of the NIA 
fosters research on aging at universities, 
hospitals, medical centers, and other 
institutions throughout the United 
States. It currently sponsors several ani- 
mal studies related to hearing loss in old 
age. One such project uses electrophy- 
siological techniques and histological 
examination to study auditory deficits 
in aging mice, which exhibit high-fre- 
quency hearing loss and cochlear chang- 
es similar to those commonly seen in 
humans with presbycusis; it explores the 
interaction of genotype with environ- 
mental factors such as noise and oto- 
toxic drugs. Another group of research- 
ers is measuring hearing in rats and ex- 
amining their cochleas and brains. Other 
areas of research sponsored by the NIA 
may also directly or indirectly contrib- 
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ute to our understanding and manage- - 
ment of hearing impairment in the 
aged. For example, studies of the mole- 
cular and cellular biology of aging may 
help to elucidate the fundamental mech- 
anisms of some forms of presbycusis; the 
establishment of animal models and re- 
sources is basic to a wide range of ex- 
periments regarding hearing and aging; 
and research on pharmacology in the 
aged may help to identify ototoxic drugs 
and perhaps even develop agents that 
prevent or alleviate presbycusis. 


This year, the NIA will begin grant- 
ing Geriatric Medicine cadera 
Awards to schools of medicine and os- 
teopathy. These awards have the dual 
purpose of improving the quality of cur- 
ricula in geriatrics and fostering re- 
search and careers in the field of aging. 
Likewise, in part through the encourage- 
ment and advice of the NIA, the Health 
Resources Administration has estab- 
lished Curriculum Development Grants 
in Geriatrics. These latter grants may be 
used to facilitate the training of a wide 
variety of health professionals, including 
physicians, nurses, audiologists, and 
many others. The two programs are 
intended to provide future health pro- 
fessionals with greater sensitivity to and 
knowledge of various age-associated 
problems including those related to 
hearing. 


The NIA also has established an Epi- 
demiology, Demography, and Biometry 
Program (EDBP). Among the many 
topics being addressed are nutrition, 
systolic hypertension, senile dementia, 
and the use of estrogens by postmeno- 
pausal women. The EDBP is particularly 
interested in reexamination of the older 
cohorts previously studied in the first 
Health and Nutrition Examination Sur- 
vey (HANES I), which the National 
Center for Health Statistics conducted 
in the years 1971 and 1972. The possibil- 
ity of repeating audiometry in the fol- 
low-up study now is being discussed. 


Because aging is a field about which 
both professionals and the public gen- 
erally know little and about which 
myths abound, dissemination of infor- 
mation is a particularly important ac- 
tivity of the NIA. Thus, this Institute 
is fortunate to have an especially active 
information office. In recent months, 
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"the office has greatly increased its col- 
lection of literature on the hearing prob- 


lems of the aged and thus is able to pro- - 


vide effective responses to a wide range 
of inquiries about this topic. 


In pursuing its mission, the NIA often 
collaborates with other NIH components 
including those concerned with specific 
groups of diseases; with other federal 
agencies; and with organizations outside 
of government. Later this year, the In- 
stitute plans to join with the National 
Institute of Neurological and Communi- 
cative Disorders and Stroke (NINCDS), 
which also has an active program on the 
hearing problems of the aged, in spon- 
soring a seminar on this topic. 


TOWARD A TYPOLOGY OF 
AGE-ASSOCIATED HEARING LOSS 


The characterization and differentia- 
tion of age-related processes is a com- 
mon task in geriatrics. Merely affixing 
the adjective "senile" or the prefix 
"presby-" to the term for a condition 
does not explain the disorder; it mere- 
ly states that it characteristically occurs 
in old age. A classic example is “senili- 
ty,” a term popularly used to denote cog- 
nitive dysfunction with onset in old age. 
Actually, at least 100 different causes 
exist for such symptoms, which in many 
instances are reversible if the underly- 
ing condition is promptly diagnosed and 
properly treated. 


Presbycusis, a term with many spell- 
ings and even more definitions, presents 
similar considerations, This word gener- 
ally means hearing loss that appears at- 
tributable to aging alone; it does not 
specify the mechanism of such deterior- 
ation. Thus, this condition includes at 
least four types of auditory defects, 
each of which seems to reflect a charac- 
teristic anatomic change and each of 
which can occur alone or in combination 
with any of the others. Greater distinc- 
tion of the disorders included within 
presbycusis and study of the mechanisms 
associated with each are important to 
establishing a typology of hearing loss 
in old age. 


A related aspect is the need to distin- 
guish changes intrinsic to aging from 
those resulting from systemic disorders. 
This problem often arises in geriatrics; 
for example, senile dementia must be 
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differentiated from cognitive changes 
secondary to heart failure, sepsis, and 
electrolyte imbalance. Studies suggest- 
ing that hearing loss may result from dia- 
betes mellitus? and chronic cardiovascu- 
lar disease,’ both of which are common 
in the aged, indicate the need for sim- 
ilar care in establishing diagnostic cate- 
gories. This possible association of hear- 
ing impairment with both diabetes and 
cardiovascular disease suggests that 
vascular mechanisms may play a major 
role in some cases of age-associated 
hearing loss, a hypothesis that deserves 
further study. 


Another facet is the distinction of 
treatable local conditions from irreversi- 
ble age-related changes. Although the 
relative and absolute importance of 
chronic otitis media decreases consider- 
ably from childhood to old age, this con- 
dition nevertheless deserves considera- 
tion. Because of the importance of iden- 
tifying easily remediable conditions, 
even a matter as mundane as prevent- 
ing, diagnosing, and treating accumula- 
tions of cerumen, merits attention. 


A recurrent need throughout geri- 
atrics is the differentiation of changes 
fundamental to the aging process from 
those resulting from a lifetime of envir- 
onmental stresses. This dilemma arises 
in considering not only such killer dis- 
eases as cancer and myocardial infarc- 
tion but also in constructing a typology 
of age-associated hearing loss. Attention 
to environmentally induced changes is 
particularly important because such 
knowledge is essential to prevention of 
unnecessary hearing loss. One recurrent 
question is the effect of lifelong occu- 
pational and recreational exposure to 
noise on hearing in old age. Another is 
the cumulative effect of medications— 
including aspirin, antibiotics such as the 
aminoglycosides, certain common diu- 
retics, antitumor agents, and other medi- 
cations of known ototoxicity, as well as 
drugs with otological effects that re- 
main unknown. The impact of medica- 
tion is especially relevant, as the 11% of 
our population above age 65 receives 
25% of all prescription drugs dispensed. 
Many of the 38% of the elderly popula- 
tion who have arthritis undoubtedly 
consume large quantities of aspirin, and 
the increases in hypertension and heart 
failure with age signify a heightened 
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probability of diuretic use. Furthermore, 
half of all new cases of cancer, and 
much of the use of chemotherapeutic 
agents, occur in persons aged 65 and 


above. 


At both the NIA and NINCDS, the 
effect of environment on hearing is an 
area of considerable research interest, 
and scientists are correlating the admin- 
istration of various types and doses of 
environmental stresses to animals with 
the resulting losses of hearing and with 
histological changes in the auditory sys- 
tem. As mentioned previously, one such 
study examines the interaction of geno- 
type with environmental factors such as 
noise and ototoxic drugs in mice. Other 
projects investigate the effects of drugs 
and industrial noise on monkeys and the 
impacts of high- and low-cholesterol 
diets on atherosclerosis and cochlear 
potentials in pigeons. 


The typology of hearing disabilities 
in old age should not be limited to audi- 
tory acuity. Other problems to consider 
include difficulty in understanding 
speech even when it is sufficiently loud, 
tinnitus, hypersensitivity to sounds of 
high intensity, and the loudness recruit- 
ment phenomenon. 


NEED FOR EPIDEMIOLOGIC STUDY 


Our knowledge of the epidemiology 
of many conditions affecting the elderly 
is incomplete. For example, although 
senile dementia and cancer may well be 
the conditions most feared by the aged, 
we lack data on their precise incidence 
and prevalence. Likewise, we lack de- 
tailed normative data on hearing in old 
age and do not fully know the preva- 
lence, distribution, correlates, and cours- 
es of hearing problems in the elderly. 
Complicating the problem are a lack of 
consistency in definitions of hearing loss 
and in tests used, the select nature of 
the populations studied and the exclu- 
sion of very old subjects, and the often 
limited techniques used to evaluate 
hearing. 

M. Cristina Leske of the State Univer- 
sity of New York at Stony Brook has re- 
viewed the prevalence of communica- 
tive disorders in the United States. In a 
report submitted to the NINCDS,* she 
notes that the prevalence of hearing 
impairments rises gradually with age and 
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then increases steeply over the age of 607. 


years, and she cites the*following find- 


- ings. The National Health Examination 


Survey of 1961-1962, which studied per- 
sons 18 to 79 years of age, included 
pure tone audiometric measurements of 
hearing threshold levels at six different 
frequencies. Nearly 30% of persons aged 
65 through 74 years and almost half of 
those aged 75 through 79 years showed 
elevated hearing levels for speech. In 
the 1971 National Health Interview 
Survey, 23% of those 65 through 74 years 
of age and 40% of those aged 75 and 
above reported hearing impairments, 
These surveys provide general estimates 
of the prevalence of hearing loss but do 
not characterize the loss by type or 
cause. 


More recent epidemiologic surveys 
also have explored hearing. HANES I, 
conducted in 1971-1972, included audio- 
metric testing; analysis of data now is in 
the early stages. Currently unpublished 
figures from the 1977 Health Interview 
Survey indicate that 29.3% of persons 
aged 65 and over reported hearing im- 
pairments. 


Among the most intriguing epidemio- 
logic puzzles concerning the aged is the 
difference in life expectancy and in the 
prevalence of various age-associated 
disorders between men and women. A 
female born today can expect to live ap- 
proximately eight years longer than her 
male counterpart; and although elderly 
women have higher rates of such condi- 
tions as arthritis, hypertension, and vis- 
ual impairments, elderly men are more 
likely to have hearing losses. Perhaps 
one factor contributing to this differ- 
ence is the greater rate of exposure to 
occupational noise by men. Explanation 
of this difference in hearing might aid 
in the prevention of auditory impair- 
ments and even provide valuable clues 
into the fundamental sex-related differ- 
ences in the aging process. 


An epidemiologic approach also may 
help to predict hearing loss, as has been 
attempted in the past,'? and thus permit 
early institution of preventive measures, 
planning, and rehabilitation. Epidemio- 
logic studies correlating hearing loss 
with occupation, geographic region, diet, 
and other factors may prove particularly 
valuable in this respect. 


(880 - 
^ DESIGN OF TESTING AND RESEARCH 


In studying hearing and other func- 
tions in the aged, evaluation of the ap- 
propriateness of various test procedures 
and of the interpretation of test results 
is necessary. Some approaches that are 
useful in younger persons may not yield 
valid results in the aged; one example 
is the use of acoustic reflex data, which 
appears to be substantially more ac- 
curate in predicting sensorineural hear- 
ing level in children than in adults, par- 
ticularly those in the later years of life. 
Special measures may be necessary to 
differentiate hearing loss from cognitive 
impairment in the elderly who are se- 
verely disabled by conditions such as 
stroke. Furthermore, just as results of 
the Baltimore Longitudinal Study indi- 
cate that normal values on tests of glu- 
cose tolerance change with age, norms 
on certain tests of hearing might be 
more useful if adjusted for age. Inter- 
pretation of the results of any test also 
should take into account the tendency 
of elderly persons to behave more cau- 
tiously in test situations than younger 
individuals do; analysis using signal de- 
tection theory, a mathematical approach 
used to separate the influence of sensi- 
tivity from that of decisional criteria, 
can be helpful in this regard." 


"Stress tests" are commonly used to 
identify age-associated conditions that 
may not be apparent under ordinary 
test circumstances. Two examples from 
internal medicine are exercise tests to 
detect coronary insufficiency and glu- 
cose tolerance tests to identify diabetes 
mellitus. Analogous audiological tests, 
which require the subject to interpret 
speech that has been degraded in var- 
ious manners, most clearly demonstrate 
the effects of aging on the understand- 
ing of speech.? A related theme is the 
greater decline in performance on com- 
plex tasks with age. Just as the ability to 
perform a coordinated movement de- 
clines faster with age than does muscu- 
lar strength,? so the ability to under- 
stand speech often diminishes more rap- 
idly than does the perception of sound.’ 


Another valuable approach in study- 
ing the aged is the use of longitudinal 
studies. In the cross-sectional approach, 
individuals of different ages are com- 
pared at a single time; thus, differences 
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can reflect both age and other factors 
such as variation in genetic composition, 
cultural background, level of education, 
and cohort history. Longitudinal studies, 
however, control for such variables by 
reexamining the same subjects repeat- 
edly. This method is particularly useful 
in establishing the natural course of 
hearing disorders and studying the fac- 
tors associated with onsets of hearing 
loss at different ages. Examples of the 
longitudinal approach to examining 
hearing in humans include a study of 
the perception of degraded speech," the 
Baltimore Longitudinal Study, and the 
proposed repetition of the hearing 
tests of the HANES I study. Research- 
ers supported by NIA also are studying 
animals longitudinally to determine the 
course of changes in hearing and in 
the structure of the auditory system. 
Lifelong longitudinal study of individ- 
uals with congenital or childhood hear- 
ing loss would be useful in determining 
the course of these disabilities and the 
resulting problems and thus in interven- 
ing more effectively at all ages. 


CONSIDERATIONS IN REHABILITATION 


Rehabilitation is an important consid- 
eration throughout geriatrics, whether 
for the elderly man who has suffered a 
myocardial infarction, the aged woman 
recovering from a fractured hip, or the 
older person with a hearing disability. 
Just as today colleges and community 
centers are introducing programs for the 
elderly, those who rehabilitate the hear- 
ing-impaired are beginning to turn their 
attention to the aged, both in the com- 
munity and in institutions. Although pa- 
tience and ingenuity often are neces- 
sary, results can be favorable even in a 
large proportion of institutionalized pa- 
tients.^ One important factor is an en- 
vironment in which communication is 
both necessary and rewarding.' 


Older patients commonly have mul- 
tiple physical, psychological, and social 
problems, the interaction of which can 
complicate the management of various 
conditions, including hearing loss. For 
example, an elderly person grieving for 
a lost spouse or beset by economic dif- 
ficulties may have little motivation to 
undergo auditory testing and rehabili- 
tation. Likewise, an older individual 
who has suffered a stroke or has severe 
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arthritis may find insertion of a conven- 
tional earmold and adjustment of the 
usual type of controls on a hearing aid 
difficult or impossible; and visual im- 
pairment can make speech reading dif- 
ficult. In addition, an older person who 
is battling cancer or severe cardiovas- 
cular disease may consider efforts to im- 
prove hearing unimportant. However, 
attitudes are as varied as older individ- 
uals. Some may say or think “I'll die 
soon anyway, so what's the use?" Others, 
however, share the attitude of the elder- 
ly nursing home resident who told his 
audiologist, "This home is Grand Cen- 
tral Station, you know. This is the last 
stop. But I want to make the most of it 
while I'm here." 


The social, psychological, and cogni- 
tive aspects of various physical prob- 
lems, including hearing loss, are impor- 
tant considerations in approaching ther- 
apy. The loneliness, depression, and so- 
cial isolation that defective hearing can 
create, as well as the vulnerability of the 
hearing-impaired elderly to crime and 
fraud, deserve particular attention in 
both research and therapy. Likewise, the 
observed association of hearing impair- 
ment with paranoid illness in later life!* 
merits further study. The specific effects 
of the interaction of hearing loss with 
other problems, for example, the in- 
creased reaction time associated with 
decreased auditory acuity in the pres- 
ence of depression, also need investiga- 
tion. The reported association of mild 
hearing losses in the aged with dimin- 
ished performance on verbal tests of in- 
tellectual ability” is particularly provoc- 
ative; scientists at the GRC now are ex- 
ploring this relationship by analyzing au- 
ditory and cognitive data from the Balti- 
more Longitudinal Study. In devising 
methods of auditory training for the el- 
derly, all of these factors should be con- 
sidered. 


Development of appropriate prosthe- 
ses is of major concern in many areas of 
geriatric medicine, and the NIA and the 
National Aeronautics and Space Admin- 
istration have an agreement to collabor- 
ate in applying technology to help old- 
er people with sensory, communicative, 
and motor disabilities. The aged need 
hearing aids that not only have proper 
performance characteristics but also can 
be inserted and controlled by those 


with concurrent disabilities such às arth-«:. 
ritis; one example is an earmold with a 
handle to facilitate its use by patients 
with limited finger dexterity.” In order 
to predict the success of cochlear im- 
plants, the NINCDS is sponsoring a 
study that includes assessment of the de- 
gree of cochlear nerve degeneration in 
patients with hearing losses secondary to 
various factors including aging. Devices 
that permit the hearing-impaired to 
communicate by telephone, an especially 
important consideration for those who 
live alone, also deserve particular em- 
phasis. 


In developing prostheses for the aged, 
we must not be bound by convention. 
For example, we must investigate wheth- 
er older persons are somehow embar- 
rassed about hearing loss and thus de- 
mand miniaturized prostheses, or wheth- 
er they would prefer larger devices that 
are more effective and easier to use. In 
1977, Dr. J. J. Groen, a distinguished in- 
ternist from the Netherlands, visited the 
NIA and demonstrated the large appa- 
ratus that he had assembled to compen- 
sate for his own severe age-related hear- 
ing impairment; he noted that expecting 
excellent results from a miniaturized 
hearing aid is as unrealistic as anticipa- 
ting fine reception from a tiny transistor 
radio. Dr. Groen’s apparatus, which re- 
sembles that used in some schools for 
the deaf, includes an excellent set of ear- 
phones, a fine microphone that can be 
positioned as needed, and an adjustable 
high-quality amplifier. Dr. Groen stated 
that his special apparatus totally corrects 
his hearing defect in virtually all situa- 
tions, whereas without it he would have 
become a “handicapped invalid.” Clear- 
ly, such approaches demand attention. 


The American Humane Association 
now is training dogs to serve as “hearing 
dogs,” which are analogous to seeing- 
eye dogs. These animals signal to their 
owners to indicate such events as a 
sounding alarm, a ringing telephone or 
doorbell, or a honking car.?? Such an ap- 
preach is not necessary for most hear- 
ing-impaired older individuals, who re- 
tain some degree of hearing. However, 
“hearing dogs” may prove a valuable 
source of aid, companionship, and pro- 
tection to the elderly who have com- 
plete hearing losses and live alone. 
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Various problems of the aged require 
a team approach. In the diagnosis and 
management of hearing impairment in 
the elderly, this team may include pri- 
mary care physicians, otologists, audi- 
ologists, nurses, hearing aid distributors, 
social workers, mental health workers, 
and nursing home personnel Family 
members and others with whom the pa- 
tient spends much time are essential 
members of the team and should receive 
guidance in interacting effectively with 
the hearing-impaired. Improvement of 
the team approach to the hearing prob- 
lems of the elderly requires further in- 
vestigation. 


FUTURE DIRECTIONS 


Hearing loss in the aged thus presents 
many challenges for research. Staff from 
the NIA and NINCDS have been dis- 
cussing this important matter for nearly 
three years, and later this year the two 
Institutes will jointly sponsor a seminar 
on hearing and the aged. Leading ex- 
perts will discuss five major aspects: 
epidemiology, including the gaps in our 
knowledge and how to fill them; dif- 
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ferential diagnosis, including develop- 
ment of diagnostic methods for patients 
unable to communicate; treatment, in- 
cluding medical and nonmedical ap- 
proaches; long-term management, in- 
cluding collaboration of family members, 
control of psychological effects, and 
modification of the environment; and 
the development of effective, appro- 
priate prostheses. The seminar will cul- 
minate in a publicly distributed report 
containing recommendations for re- 
search on hearing and the aged. Both 
Institutes hope that increased attention 
to this important field will follow. 


In summary, the hearing impairments 
commonly included in stereotypes of 
the aged may not be fully accurate, but 
the grain of truth is considerable. The 
ear trumpet once symbolized the elder- 
ly, but now our approaches to hearing 
loss must reflect new outlooks on ag- 
ing. Investigation of the communicative 
disorders of the aged must combine the 
concepts and tools of researchers in hear- 
ing with the perspectives of gerontolo- 
gy and geriatrics. 
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' EFFECTS OF NEONATAL CONDUCTIVE HEARING LOSS ON BRAIN 
STEM AUDITORY NUCLEI 
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Both postnatal auditory deprivation and experimentally produced conductive hearing losses 
in mice result in incomplete maturation of most brain stem auditory neurons. The affected groups 
are: octopus cell, globular cell, small spherical cell, and large spherical cell groups in ventral 
cochlear nuclei; and the lateral superior olive and medial nucleus of the trapezoid body of the 
superior olivary complex. When 45 days of auditory deprivation are followed by 45 days of 
normal acoustic stimulation, there is incomplete maturation of neurons in: multipolar cell, 

lobular cell, small spherical cell, and large spherical cell groups in ventral cochlear nuclei; 
fateral superior olive and medial nucleus of trapezoid body in superior olivary complex; and 
central nucleus of inferior colliculus. A critical period exists when adequate sound stimu- 


lation is needed for full development of these neurons. 


Conductive hearing impairments ex- 
perimentally produced in neonatal rats 
and mice have been shown to result in 
both behavioral: and electrophysiologi- 
cal? auditory deficits persisting after 
the reversal of the conductive loss. In 
humans, a correlation has been estab- 
lished between poor language develop- 
ment and the conductive loss associated 
with chronic otitis media.®-1° 


In a previous paper! we reported 
that in mice, either experimentally pro- 
duced neonatal conductive loss or sound 
deprivation results in reduced maximal 
length of cells in the globular area of 
the ventral cochlear nucleus and in the 
cells of the medial nucleus of the trape- 
zoid body. In the present study we have 
measured the cross-sectional areas of 
neurons in the brain stem auditory nu- 
clei, rather than their maximal length, in 
order to better assess the effects of neo- 
natal conductive losses and deprivation. 
We have also investigated whether or 
not the neuronal effects are reversible. 


METHODS AND MATERIALS 


In experiment 1, the same three groups of 
CBA/J mice (8/group) were studied as in 
our pd report." The operated group had 
the blastemas of their external auditory meati 
removed at three days of age. The deprived 


group was raised from three days of age with 
avocal mothers in a sound-attenuated cham- 
ber where ambient noise was at least 10 dB 
below normal mouse thresholds at all fre- 
quencies. The normal group was raised with 
normal mothers in our animal colony. All 
the mice of experiment 1 were sacrificed at 
45 days of age and their ears and brains pre- 
pared for serial-sectioned light microscopy." 


In experiment 2, a group of five mice was 
raised with an avocal mother in our sound- 
attenuated chamber from 3 to 45 days of age, 
and then moved to the regular animal colony 
for the next 45 days. A control group of five 
mice was raised from birth until 90 days in 
our regular animal colony. All ten animals 
were sacrificed at 90 days and their ears and 
brains prepared as those in experiment 1. 


The inner ears were studied qualitatively; 
no abnormalities were found. The brain stem 
auditory nuclei were studied quantitatively by 
an examiner unaware of the identity of each 
brain. The following auditory cell groups were 
examined: central region of the dorsal coch- 
lear nucleus (CRDCN); octopus cell group 
(OCT), multipolar cell grou h MP), globular 
cell group (GLOB), small spherical cell 
group (SSC), and large spherical cell group 
(LSC) of the ventral cochlear nuclei ( VCN); 
lateral apariar olivary nucleus (LSO) and me- 
dial nucleus of the trapezoid body ( MNTB) 
of the superior olivary complex; and the 
central nucleus of the inferior colliculus 
(CNIC). The terminology used for the coch- 
lear nuclei is that of Osen." In VCN, only 
characteristic cells of each region were meas- 
ured: five neurons were randomly selected in 
each group and focused at the level of the 
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Fig. 1. Mean cross-sectional areas of neurons +1 standard error of the mean in each 


indicated group of mice. N — 40 for each 


bar. Double stars indicate statistical differ- 


ences (P <.01) and single stars indicate statistical differences (P <.05). Abbreviations 


as in text. 


nucleolus under oil immersion; the outline of 
the cell was traced using a camera lucida, and 
then digitized with a Ladd graphic data 
digitizer interfaced to a Monroe programmable 
Pep pde which calculated the cross-sectional 
area of the neuron. 


All data were subjected to a standard an- 
alysis of variance. The criterion of significance 
was set at .05. 


RESULTS 


Experiment 1 compared normal, de- 
prived, and operated groups of 45-day- 
old mice. There are no significant dif- 
ferences in neuron size between the de- 
prived and operated groups in any of 
the areas analyzed; where differences 
occur, they are always between the ex- 
perimental groups and the normal group 
(Fig. 1). In four of the five VCN cell 
areas, the deprived and operated groups 
had significantly smaller neurons than 
the normal group (P < .01); in MP 
these differences are not significant 
(P — .06). In the superior olivary com- 
plex, the neurons of both LSO and 
MNTB are significantly smaller (P. < 
.01) in the two experimental groups than 
in the normal group. In CRDCN and 
CNIC there are no significant differen- 
ces in neuron size among the three 
groups (P > .05); the smaller mean siz- 
es of CNIC neurons seen in Figure 1 in 
the experimental groups (P = .20) do 
not reach the criterion for significance. 

Experiment 2 compared 90-day-old 


normal mice with "reversal' mice de- 
prived for 45 days and then placed in a 


normal acoustic environment for 45 days. 
As Figure 2 demonstrates, there are sev- 
eral cases of neurons being smaller in 
the "reversal" than in the normal ani- 
mals: in MP and GLOB (P < .01); in 
SSC and LSC (P < .05); but not in 
OCT (P = .09); in the superior olivary 
complex, in both LSO and MNTB 
(P < .01); in CNIC (P < .05). There 
are no neuronal size differences in 
CRDCN. 


Moreover, further data analysis 
showed that there are no size differen- 
ces between neurons of 45-day normal 
animals and 90-day normal animals 
(P > .05), demonstrating that the brain 
stem auditory neurons have reached 
their full size by 45 days. Comparison of 
the 90-day “reversal” animals with 45- 
day deprivation animals demonstrates 
no differences in neuron size (P > .05) 
between the groups except in OCT, 
where the neurons in the “reversal” 
group are significantly larger (P < .05) 
than in the 45-day deprived group. 


DISCUSSION 


In our earlier study?! we measured 
only the maximum soma length of neu- 
rons in normal, deprived, and operated 
mice and found significant length differ- 
ences only in GLOB of VCN and in 
MNTPB. Cross-sectional neuronal area is, 
however, a more sensitive measure, and 
allows more accurate comparison of neu- 
ron sizes among groups. Using this more 
sophisticated approach in experiment 1, 
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Fig. 2, Mean cross-sectional areas of neurons +1 standard error of the mean in each 
indicated group of mice. N = 50 for each bar. Double stars indicate statistical differ- 
ences (P <.01) and single stars indicate statistical differences (P <.05). Abbreviations 


as in text. 


we found no differences in neuron sizes 
in the deprived and operated groups in 
any of the nuclei, a finding which is con- 
sistent with our previous study. These 
two experimental groups differ signifi- 
cantly from the normal groups in all cell 
areas of superior olivary complex and 
VON, except for MP of the latter; and 
there is an insignificant (P — .20) dif- 
ference in CNIC. In CRDCN the differ- 
ence between experimental and normal 
animals is even further from being sig- 
nificant (P = .80, Fig. 1). This lack of 
eftect in CRDCN is not surprising, con- 
sidering its scant input from the eighth 
nerve!?!* and apparent inhibitory role in 
audition.'5 These data strongly suggest, 
however, that for most brain stem audi- 
tory nuclei, normal maturation is de- 
pendent on adequate acoustic input. 


The data from experiment 2 show that 
“reversal” mice (raised in partial audi- 
tory deprivation for 45 days and then 
in the normal environment) have smal- 
ler neurons (except in CRDCN and 
OCT) than do 90-day normals, and the 
same size neurons as 45-day deprived 
mice. These data indicate that there is a 
critical period, before 45 days of age, 
during which acoustic stimulation has a 
more pronounced effect on neuronal 
maturation than the same stimulation 
given between 45 and 90 days. The phe- 
nomenon of a critical period has been 
described in other systems, and is pre- 
sumably related to the greater plasticity 


of the immature nervous system. The 
more enduring susceptibility to environ- 
mental influences (or lack of a critical 
period) shown by the neurons of OCT 
might be related to their elaborate den- 
dritic trees, which cause each neuron to 
receive many synaptic inputs from pri- 
mary eighth nerve fibers.^'* The lack 
of effect in CRDCN has already been 
posited. 


It is interesting that while the sizes of 
neurons in most VCN cell groups differ 
at the .01 level between 45-day normal 
and experimental animals, and between 
90-day normal and “reversal” animals, 
the LSC and SSC neurons of “reversal” 
animals are smaller than those of the 90- 
day normals only at the .05 level. This 
might suggest that some growth has ta- 
ken place in these neurons during the 
“reversal” period from 45 to 90 days, 
and might be related to the large caly- 
ceal end bulbs of Held which these neu- 
rons receive from primary afferents. 


Finally, there is the paradoxical find- 
ing in the central nucleus of the inferior 
colliculus. In the 45-day animals there is 
no significant difference in neuron areas 
among groups, whereas in the 90-day 
animals the neurons of the normal group 
are significantly larger than in the “re- 
versal” group. It is not clear if this is a 
sampling error or if the difference be- 
tween the 90-day groups reflects a slight 
but continuing long-term dystrophy as 
a result of the early deprivation. 


SOUND DEPRIVATION 


Our data are consistent with several 
other studies, both human and nonhu- 
man, indicating that mild neontal hear- 
ing deficits adversely affect central au- 
ditory functioning. T'ees' raised rats 
with ear plugs and found that they had 
significantly poorer tone pattern discrim- 
ination than did normal controls. Batkin 
et al? reported that rats raised in audi- 
tory deprivation had a 20 dB less sensi- 
tive cortical auditory evoked potential 
than did normals. McGinn et al,’ study- 
ing audiogenic seizures, reported that 
mice raised with ear plugs from 17 
through 22 days subsequently had a 12 
dB less sensitive auditory evoked po- 
tential than did controls. Single-unit re- 
cordings from the inferior colliculi of 
rats have shown neonatal effects on au- 
ditory neurophysiology. Early exposure 
of rats to patterned sounds increased 
the response selectivity of units to that 
particular pattern as compared to simi- 
lar but unfamiliar patterns." Unilateral 
Jun of the external auditory meatus 
of rats resulted in a partial-to-complete 
loss of binaural interaction in neurons 
of the inferior colliculus.’ Further stu- 
dies using this paradigm demonstrated 
a critical period for binaural interaction 
in inferior collicular neurons between 10 
and 60 days of age, with the greatest 
plasticity seen between 10 and 30 days.* 
A preliminary report indicated that 
neonatal unilateral ligation of the exter- 
nal auditory meati in mice results in re- 
duced size of LSC neurons. 


Human studies on the effects of neo- 
natal conductive hearing losses are nat- 
urally less rigorous than the nonhuman 
studies, but are consistent with them. 


The most relevant reports have studied 
the effects of early chronic otitis. media 


on various aspects of speech arid lan-&.. 


guage acquisition.°*° All these ‘studies 
indicate a deleterious long-term effect 
of early chronic otitis media best sum- 
marized by Lewis, “. . . middle ear dis- 
ease can compromise a child’s language 
development.”?° 


Our morphological data reported here 
suggest that a reason for this “compro- 
mise” may be that there is a critical pe- 
riod for the development of brain stem 
auditory nuclei, and that without ade- 
quate sound stimulation during this pe- 
riod most brain stem auditory neurons 
do not fully develop. This assumes that 
these brain stem auditory nuclei develop 
after birth. In fact, Mlonyeni'? demon- 
strated the late morphological matura- 
tion of cochlear nuclei in mice. More 
recently, Salamy and McKean,” meas- 
uring brain stem evoked responses in hu- 
man infants, reported that peripheral 
transmission (latency from stimulus to 
wave I) is mature at six weeks, whereas 
central transmission (latency from wave 
I to wave V) is not mature until after 
one year of age. It therefore appears 
that brain stem auditory neurons are 
still maturing postnatally, when, given 
good health and normal conditions, 
there is abundant peripheral auditory 
stimulation. Perhaps there is a morpho- 
logical basis for the often-heard conten- 
tion?! that early use of hearing aids will 
assist the *deaf" child with residual hear- 
ing to develop good language skills, as 
well as the contention that otitis media 
in infants must be recognized and dealt 
with early and rigorously. 
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Permanent or transient reduction of the blood flow to the brain is often responsible for 
dizziness and occasionally sensorineural hearing loss. So far the diagnosis of this condition has 
been made by angiography, either carotid or vertebral arteriography, but there is a justified 
reluctance of subjecting unselected patients to this invasive procedure. It is the purpose of this 
paper to present a new approach to the diagnosis of cerebral vascular insufficiency based on a 
three-step protocol. The two initial steps are formed by noninvasive techniques and may be used 
for the selection of those cases requiring additional diagnostic procedures. 1) Cerebral hemody- 
namic evaluation provides a physiologic assessment of the direct carotid and indirect carotid 
and vertebral blood flow. It elades ocular plethysmography and ophthalmodynamometry ob- 
tained with the patient supine and erect, without and during carotid compression. 2) Com- 
puen tomography allows an evaluation of the brain substance and of the changes produced 

y vascular insufficiency such as brain atrophy, infarcts and encephalomalacia. A new form 
of radiographic assessment based on a dynamic evaluation of regional blood flow will be in- 
troduced in this paper. 3) Carotid and vertebral arteriograms are performed only on those 
cases demonstrating a significant cerebral vascular insufficiency by the previous tests and in 
cases where corrective surgery is contemplated. 


The radiographic assessment of pa- 
tients with sensorineural hearing loss 
or vestibular disturbances has been per- 
formed thus far by 1) demonstration of 
changes in the bony capsule with to- 
mography; 2) recognition of a space oc- 
cupying lesion in the subarachnoid 
space surrounding the acoustic nerve 
with cisternography; 3) visualization of 
endocranial masses or lesions in the 
areas of the auditory pathways and cor- 
tex with computerized tomography 
(cr); 4) demonstration of changes in the 
major vessels supplying the brain, and 
in particular the posterior cranial fossa, 
with angiography. These tests demon- 
strate static changes in the normal ana- 
tomy of the involved region. 


A new form of radiographic assess- 
ment based on a dynamic evaluation of 
regional blood flow of the brain will be 
introduced in this paper. It is known 
that permanent or transient reduction 
of blood flow to certain areas of the 
brain is responsible for dizziness and oc- 
casionally sensorineural hearing loss. In 
the study of 50 patients with vertebro- 
basilar insufficiency based on abnormal 
ophthalmodynamometry or angiographic 
demonstration of vertebral artery pathol- 





ogy, we found that the single most 
common symptom was dizziness which 
was present in over 50% of the cases. 
Sensorineural hearing loss was present 
in 10% of the cases. 


It should also be emphasized that ver- 
tebrobasilar insufficiency ^ sometimes 
may result from obstruction or narrow- 
ing of the internal carotid arteries or 
branches resulting in stealing of blood 
normallv supplied to the hindbrain by 
vertebral arteries. 


So far the diagnosis of vertebrobasilar 
insufficiency has been made by angi- 
ography. There is a justified reluctance 
to subject unselected patients to an in- 
vasive procedure as angiography. In ad- 
dition one should be aware of the lim- 
itation of angiography. First of all, un- 
less properly performed angiography 
does not show positional pathology. In 
addition, changes involving small vessels 
or parenchymal pathology are often not 
demonstrated. But more important angi- 
ography will show signs of vascular pa- 
thology but not necessarily the presence 
of vascular insufficiency which is re- 
sponsible for the patient's symptoma- 
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"i jteriogrdphy. This final step of our 
“evaluation is performed only in patients 
with abnormal cerebral blood flow and 


E 






particularly in cases where corrective 


“surgery: is contemplated. It should be 
emphasized that surgery now encom- 
passes the entire vascular system to the 
brain. Carotid vascular surgery, anasto- 
mosis of the superficial temporal artery 
to the middle cerebral artery and more 
recently the vertebral artery bypass are 
performed in selected patients with suc- 
cessful relief of symptoms. 


CASE REPORT 


A 67-year-old Caucasian male suffered 
multiple episodes of incapacitating syn- 
cope and vertigo. A left subclavian-dis- 
tal vertebral artery bypass was perform- 
ed one year prior to the CT study with 
total relief of the symptoms. The first 
CT blood flow study was performed 
with external compression to occlude 
the bypass graft. The six serial CT im- 
ages (Fig. 34) and the graphic displays 
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(Fig. 3B) demonstrate the diminshed 
blood flow in the parietal and occipital 
lobes. The blood supply of the occipital 
lobe is provided by the posterior cere- 
bral arteries which are branches of the 
vertebrobasilar circulation. 


The next six serial CT images (Fig. 
3C) and the corresponding graphic dis- 
plays (Fig. 3D) have been obtained at 
the same section level 20 minutes later, 
without compression of the bypass. 
These images show an 80% increase in 
the blood flow through the parietal and 
occipital lobes. 


It should be emphasized that the new 
CT technique described in this paper 
does not provide direct measurement of 
flow rate per unit mass (ml/min/100 
gm of brain). However the information 
obtained provides several parameters 
which are directly related to blood flow 
and are a useful clinical index of brain 
circulation. 
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. Bone resorption is an important aspect of chronic otitis media contributing to many com- 
plications of this disease. It is postulated that the mechanism of this localized destructive process 
is chemical in pem Collagenase, lysosomal enzymes, prostaglandins, and other cell mediators 


are thought to in 


uce bone resorption, but the site of action and cellular origin of these sub- 


stances remains unclear. In this report, we demonstrate the location and attempt to delineate 


the cellular origin of two enzymes, collagenase and the lysosomal enzyme acid phosphatase in 
guinea pig temporal bones and human ossicles from ears containing chronic otitis media. Tis- 
sue localization of these enzymes identifies sites of active bone resorption and demonstrates 
the cells initiating this process. Using immunohistochemical and immunocytochemical tech- 
niques, collagenase was seen surrounding mononuclear inflammatory cells of granulation tis- 
sue at bone resorbing margins and at the periphery of osteocyte lacunae adjacent to resorbing 
areas. Electron microscopic data suggests that collagenase is an extracellular enzyme found at 
the periphery of osteocytes. In addition, abundant acid phosphatase activity was seen in the 
same cells that exhibited collagenase staining, lending credence to the destructive function of 
these cells. The chronic inflammatory reaction found in chronic otitis media appears to acti- 
vate bone destruction through the dynamic activity of mononuclear inflammatory cells and 


stimulates bone cells to increase their destructive biochemical functions. 


Bone destruction is an important as- 
pect of chronic otitis media. Hearing 
loss, associated with ossicular destruc- 
tion, continues to be a frequent compli- 
cation of this disease. Other significant 
complications of chronic otitis media are 
also precipitated by localized osseous 
changes. Otologists who deal with criti- 
cal relationships between structure and 
function must understand the nature of 
this inflammatory destructive process if 
they are to alter the course of chronic 
ear disease. 


A dominant histologic feature of 
chronic otitis media with or without 
cholesteatoma is chronic inflammation. 
Granulation tissue containing mononu- 
clear inflammatory cells and vascular 
proliferation can be identified at the 
bone resorption margin."? It has been 
suggested that bone destruction in this 
disease is the result of biochemical 
events produced by chronic inflamma- 





tion.*? In fact, a number of biochemical 
mediators and proteolytic enzymes as- 
sociated with connective tissue break- 
down and bone resorption have been 
identified in localized inflammatory 
processes such as rheumatoid arthritis 
and periodontal disease. Hydrolytic en- 
zymes and cell mediators associated 
with bone resorption include: prosta- 
glandins,^'! osteoclast activating fac- 
tor,’ collagenase'??* and lysosomal en- 
zymes.!? In chronic otitis media, prosta- 
glandins,** collagenase"* and lysosomal 
enzymes? appear to be active. Even 
though there is considerable information 
linking chronic inflammation and local- 
ized bone resorption, the cellular origin 
and site of activity of the destructive 
substances remain unclear. 


Tissue localization of proteolytic fac- 
tors will contribute to our understanding 
of bone resorption. In this report we will 
demonstrate the location and attempt to. 
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delineate the cellular origin of two en- 

-zymes, collagenase and the lysosomal en- 
zyme acid phosphatase in. animal and 
human specimens containing chronic 
otitis media. 


. Collagenase is a neutral proteolytic 
. enzyme required to initiate resorption of 
collagen; the major organic structural 
component of bone. It is not certain 
“Which cells produce collagenase, but it 
is thought that fibroblasts and possibly 
mononuclear inflammatory cells may 
synthesize ‘the enzyme.'* Sites of active 
bone resorption and the cells initiating 
this process are identified by tissue lo- 
calization of collagenase. In this investi- 
gation an immunohistochemical method 
employing an unlabelled antibody and 
a fluorescein isothiocyanate (FITC) 
label is used to demonstrate collagenase 
in tissue sections of guinea pig temporal 
bones and human ossicles containing 
chronic inflammation. In addition, simi- 
lar techniques are attempted for the ul- 
trastructural localization of collagenase. 


Lysosomal enzymes have been identi- 
fied at the submucosal bone resorption 
zone with the light microscope.? Lyso- 
somes are wed e membrane-bound 
vessicles containing many acid hydro- 
lases, and can be readily identified by 
the cytochemical reaction for acid phos- 
phatase. Utilizing these techniques, col- 
lagenase and acid phosphatase are iden- 
tified in the same cells, thereby nu 
ing evidence for the organic and inor- 
ganic processes of bone resorption in 
chronic otitis media. 


METHODS AND MATERIALS 
ANIMAL MODEL 


Chronic otitis media was produced in guinea 
pig temporal bones by injecting 1% oxalic acid 
through the tympanic membrane. One ear re- 
ceived oxalic acid, while the opposite unin- 
jected ear served as a control. Temporal bones 
were removed 21 to 28 days later and placed 
in 1% cacodylate buffered aig dehyde (pH 
7.4) for one hour after which they were de- 
calcified in 5% ethylenediaminetetraacetic acid 
(EDTA), (pH 7.4) at 4 C for 10 to 20 days. 


HUMAN MATERIAL 


Ossicles from patients with chronic otitis 
media with and without cholesteatoma re- 
moved at the time of operation comprised the 
experimental material, while the control group 
consisted of ossicles removed from normal ap- 
pr ears at autopsy. Experimental and 
control ossicles were fixed for one hour in 1% 
cacodylate buffered glutaraldehyde and decal- 
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Immunodiffusion analysis of 
monospecific antiserum against guinea pig 
skin collagenase (ac). Pure guinea pig 
skin collagenase (pc) demonstrates a sin- 
gle thin precipitant band while the pre- 


Fig. 1. 


cipitant band with partially pure guinea 
pig skin collagenase (pp) is less distinct. 


cified in 5% EDTA (pH 7.4) at 4 C for 7 to 
10 days. 


Decalcified bones, guinea pig and human, 
were snap-frozen on a CO. jet in tissue Tek 
II (Lab Tek Products). Six micron frozen 
sections were cut at —20 C on a Slee cryostat, 
and collected on warm slides. The sections 
were immediately stained for collagenase by 
immunohistochemical methods. 


PREPARATION OF ANTISERA 


Guinea pig skin collagenase and human skin 
collagenase were purified and partially char- 
acterized as previously described.^" Two en- 
zymatically active fractions of collagenase 
have been identified by gel filtration through 
Sephadex? G-150. The smaller molecule (peak 
II 40,000 daltons) has been purified to homo- 
geneity by DEAE-Sephadex A-50 chromatog- 
raphy followed by polyacrylamide gel elec- 
trophoresis. 


Functionally monospecific rabbit antisera 
to human and guinea pig collagenase were in- 
dependently prepared by injecting New Zea- 
land white rabbits weighing 4-5 kg with puri- 
fied peak II guinea pig or human skin col- 
lagenase. The initial immunization was a sub- 
cutaneous injection of an emulsion consisting 
of 0.5 mg protein in 1 ml complete Freund’s 
adjuvant. Two booster injections, consisting 
of 0.5 mg protein in 1 ml saline were admin- 
istered intravenously at two-week intervals. 
Blood was taken two weeks following the last 
injection, serum collected, and heated to 56 C 
for 30 minutes to destroy complement. Anti- 
serum was incubated for 30 minutes with spe- 
cies specific red blood cells which had been 
washed in four changes of 0.45 M NaCl in 
tris 0.05 (pH 7.4) to remove nonspecific an- 
tigens. Production of the antibody was deter- 
mined Li immunodiffusion on agar gels, as 
described by Ouchterlony® (Fig. 1). Nonim- 
mune normal rabbit serum was taken from 
rabbits prior to collagenase injections. 


LIGHT MICROSCOPIC METHODS 


Immunohistochemical Staining Procedure. 
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Fig. 2. Unlabelled antibody enzyme identification technique. Rabbit anticollagenase 
produced by injecting purified guinea pig collagenase into rabbits and collecting serum 
(step 1). Rabbit anticollagenase serum (immune serum) incubated with tissue sections 
containing collagenase (step 2). Collagenase-anticollagenase complex is labelled with 
FITC for visualization with a fluorescent light source (step 3). Normal rabbit serum 
(nonimmune serum) substituted for immune serum (steps la and 2a) and labelled with 


FITC (step 3a) as control. 


Immunohistochemical methods for light mi- 
croscopic observation depend on specific an- 
tigen-antibody reactions. The unlabelled anti- 
body technique involves exposing sections of 
guinea pig temporal bone and human ossicles 
to either immune rabbit anticollagenase (Fig. 
2, steps 1 and 2) or nonimmune (normal) 
rabbit serum (Fig. 2, steps la and 2a). Sec- 
tions were then labelled with FITC (Fig. 2, 
step 3). Visualization of the antibody-antigen 
complex was accomplished using a Leitz Or- 
thoplan® microscope with a Xenon fluores- 
cence lamp power supply. 


Tissue sections of experimental and control 
bones received identical treatment described 
in the following outline. (All steps were car- 
ried out in a moist chamber at 24 C.) 


Srep 1. Sections were exposed for 30 min- 
utes to either immune or nonimmune (normal) 
rabbit serum diluted 1:10 with 1.0 M tris 
HCl buffer (pH 7.4) containing 0.154 NaCl 
tris buffered saline (TBS). 


STEP 2. Sections were washed for five min- 
utes in three changes of TBS. 


Strep 3. Washed sections were exposed for 
30 minutes to goat antirabbit gamma globulin 
conjugated with FITC (Microbiologic Associ- 
ates) diluted 1:60 with TBS. 


STEP 4. Sections were again washed as de- 
scribed in step 2. Labelled sections were 
mounted with a solution of 90% v/v glycerin 
and 10% 0.2 M phosphate buffer (pH 7.4) 
and were stored in the dark at —40 C. 


ELECTRON MICROSCOPIC METHODS 


Acid Phosphatase Staining. Specimens were 
immediately immersed in 2.5% cacodylate buf- 
fered glutaraldehyde (pH 7.4) for four hours. 
They were then transferred to a fresh solution 


of 0.5% cacodylate buffered glutaraldehyde 
containing 7.5% sucrose and 0.1 M EDTA 
(pH 7.4) for two days, after which they were 
placed in 0.1 M cacodylate buffered EDTA 
(pH 7.4) to complete demineralization over 
the next 10 to 14 days. Following deminerali- 
zation, specimens were trimmed into fine 
pieces, less than 0.5 mm in one dimension. 
These were embedded in Epon-Araldite® for 
routine ultrastructure examination or first in- 
cubated for acid phosphatase localization by 
the method of Barka and Anderson” and then 
embedded in Epon-Araldite. Control sections 
for the acid phosphatase reactions were pre- 
pared by eliminating Na - 8 glycerophos hake 
from the incubation medium, After embedding, 
1 4 thick sections were cut and stained with 
Richardson et al’s stain” for use in orientation 
of the tissue prior to trimming for thin sec- 
tions. After identifying areas undergoing re- 
sorption in the thick sections, the blocks were 
trimmed to isolate these areas. Eighty to 100 
nm thin sections were cut with a Sorvall® 
MT-1 ultramicrotome, stained with uranyl ace- 
tate (UA) and lead citrate, and examined in 
an RCA EMU-3H electron microscope with a 
20 & objective aperature at 50 kV. 


Collagenase Staining. Tissue specimens were 
treated in a similar manner to the acid phos- 
phate staining technique with the following 
exceptions: 1% cacodylate buffered glutaralde- 
hyde (pH 7.4) was substituted for 2.5% caco- 
dylate buffered Fs apa pe ban Fixation time 
was two hours.. Thi | 
UA and lead citrate or processed for colla- 
genase localization using a modification of the 
peroxidase antiperoxidase (PAP) immunocy- 
tochemical staining technique of Sternburger 
et al? Grids were incubated with both im- 
mune anticollagenase rabbit serum and non- 
immune normal rabbit serum. 


n sections were stained with ` 





Fig. 3. Bone resorption in the cochlea 
of guinea pig ear containing chronic otitis 
media. Granulation tissue (G) containing 
mononuclear inflammatory cells in con- 
tact with irregular resorbing margins ( ar- 
rows). (H & E, x102) 


RESULTS 


Experimental chronic otitis media pro- 
duced by injecting oxalic acid into 
guinea pig ears resulted in a chronic in- 
flammatory reaction. Granulation tissue 
containing a loose connective tissue 
framework with an infiltrate of mono- 
nuclear inflammatory cells (macro- 
phages, lymphocytes, and plasma cells ) 
and a proliferative vascular network 
filled the middle ear. Areas undergoing 
bone resorption demonstrated irregular 
cavities at the granulation tissue bone 
margin containing mononuclear inflam- 
matory cells (Fig. 3). Within the bone, 
enlarging cavities characteristic of re- 
sorbing haversian systems and osteo- 
cytic oteolysis were evident. In this ma- 
teria] multinucleated osteoclasts were an 
infrequent finding in areas of bone re- 
sorption. New bone formation was com- 
mon in the membranous bone of the 
bulla. 


Sections of guinea pig temporal bone 
containing the chronic inflammatory re- 
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action, exposed to the immune anti- 
collagenase serum and labelled with 
FITC exhibited a specific yellow-green 
fluorescence, indicating the location of 
collagenase. This reaction was found at 
irregular bone resorbing margins and 
surrounding the mononuclear inflam- 
matory cells and connective tissue of 
the granulation tissue. Within the bone, 
osteocytes adjacent to resorbing areas 
demonstrated the fluorescent staining 
for collagenase (Fig. 4). At a higher 
magnification (Fig. 5) the collagenase 
reaction surrounding the osteocytes is 
seen at the margin of the lacunae. The 
staining was not seen within the cell. Ex- 
perimental sections receiving nonim- 
mune serum and FITC failed to produce 
such specific staining at resorbing mar- 
gins or around osteocyte lacunae (Fig. 
6). Control bones incubated with the 
immune serum and FITC demonstrated 
collagenase staining only in areas under- 
going physiologic remodeling within the 
one. 


Human ossicles removed from ears 
exhibiting chronic otitis media demon- 
strated similar findings. An incus re- 
moved during a procedure for cholestea- 
toma, incubated with immune human 
anticollagenase serum and labelled with 
FITC is seen in Figure 7. The dominant 
feature of this preparation is the stain- 
ing of the granulation tissue which sep- 
arates the epithelium and the bone. The 
epithelium does not demonstrate collage- 
nase staining while an irregular resorp- 
tive zone is evident at the granulation 
tissue bone margin. At a higher magnifi- 
cation human osteocytes adjacent to re- 
sorptive margins stain brightly in con- 
trast to osteocytes elsewhere in the bone 
which do not appear to be involved in 
this process (Fig. 8). This observation 
is similar to that seen in the guinea pig 
material. The nonimmune human serum 
did not produce specific collagenase 
staining (Fig. 9). A normal human incus 
removed at autopsy was incubated with 
immune serum and fluorescein for com- 
parison. As was evident in guinea pig 
control bones, collagenase was present 
only in areas undergoing physiologic re- 
modeling (Fig. 10). 


Information obtained from light mic- 
roscopic immunohistochemical prepara- 
tions suggests that collagenase is an ex- 
tracellular enzyme produced by mono- 





Fig. 4. Guinea pig temporal bone con- 
taining chronic otitis media incubated 
with immune anticollagenase serum and 
labelled with FITC. Specific collagenase 
staining, yellow green fluorescence, lo- 
cated at irregular resorption margins ( R), 
at the periphery of osteocyte lacunae (O), 
and mononuclear inflammatory cells (I) 
and connective tissue of granulation tis- 
sue (G). (x240) 





Fig. 5. Guinea pig temporal bone con- 
taining chronic otitis media. Higher mag- 
nification of collagenase staining at the 
periphery of osteocyte lacunae (O) and 
resorbing margins (R). (Immune serum 
& FITC, x430) 





Fig. 6. Guinea pig temporal bone con- 
taining chronic otitis media incubated with 
nonimmune serum and labelled with 
FITC. Note absence of specific collage- 
nase staining around osteocytes (O), 
granulation tissue (G), or resorption mar- 
gins (R). Cells demonstrate yellow auto- 
fluorescence. Compare with Figs. 4 and 


5. (x300) 


Fig. 7. Human cholesteatoma incubated 
with immune human anticollagenase ser- 
um and FITC. Incus undergoing bone re- 
sorption (R), granulation tissue (G) sep- 
arating incus and epithelium (E). Epi- 
thelium does not contain collagenase 


staining. Box represents area enlarged 
in Fig. 8. (x96) 





Fig. 8. Higher magnification of bone 
resorption. area (Fig. 7 [box]) human 
cholesteatoma incubated with immune hu- 
man anticollagenase and FITC. Fluores- 
cent staining for collagenase at the pe- 
riphery of osteocyte lacunae (O), in areas 
of bone resorption. Note that osteocytes 
not adjacent to bone resorbing areas do 
not exhibit the collagenase staining reac- 
tion (arrows). (x360) 





Fig. 9. Human. cholesteatoma incubated 
with nonimmune serum and labelled with 
FITC granulation tissue (G), adjacent to 
resorbing incus (I1), specific collagenase 
staining is absent at resorbing margins 
(R) and at the periphery of osteocyte 
lacunae. (x150) 


BONE RESORPTION IN OTITIS MEDIA 697 





Fig. 10. Normal human incus incubated 
with immune human anticollagen serum 
and labelled with FITC. Collagenase seen 
in areas of physiologic remodelling (R). 
Osteocytes (O) do not demonstrate col- 
lagenase staining. (x96) 


nuclear inflammatory cells and osteo- 
cytes in areas of bone resorption. To 
confirm these findings immunocyto- 
chemical techniques were attempted to 
identify collagenase with the electron 
microscope, as ultrastructural localiza- 
tion of this enzyme has not been 
achieved to date. Thin sections of guinea 
pig bones receiving immune serum 
demonstrated a dark granular band at 
the margin of osteocyte lacunae in areas 
thought to be undergoing bone destruc- 
tion (Fig. 11A). At higher magnifica- 
tion this granular band is a double-lay- 
ered structure (Fig. 11B). We assume 
the dark granules to be the location of 
collagenase, for it is similar in position 
to that observed with the light micro- 
scope. A finer filamentous band is seen 
at the same area when the tissue is 
stained with routine UA and lead tech- 
niques. But no peripheral band is seen 
when the same tissue is incubated with 
nonimmune serum. The granular struc- 
tures did not appear intracellularly. 


i 
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Fig. 11. A) Osteocyte in an area of 
bone resorption in guinea pig bone. Tis- 
sue incubated with immune guinea pig 
anticollagenase serum and labelled with 
PAP. Collagenase staining reaction seen 
as double-layered granular structure at 
the periphery of the osteocyte lacunae (ar- 
rows). (x8000) B) High magnification 
of double-layered granular band (arrows) 
demonstrating the collagenase staining re- 
action at the periphery of osteocyte lac- 

unae. (x94,820) 


Collagenase activity reflects the or- 
ganic component of bone resorption 
whereas the cellular localization of lyso- 
somal enzymes delineate cells likely in- 
volved in both the inorganic and organ- 
ic phase of bone destruction. In fact, 
these enzymes have been shown to be 
present at the submucosal-bone resorp- 
tion zone in chronic otitis media using 
light microscopic methods.? To substan- 
tiate our findings that osteocytes and 






Fig. 12. Guinea pig temporal bone con- 
taining chronic otitis media. Osteocyte 
(O) in an area of bone resorption (B) 
with abundant acid phosphatase reaction 
(arrows). Cytoplasm contains endoplas- 
mic reticulum (E) of metabolically ac- 
tive cell. (x12,500) 


monocular inflammatory cells partici- 
pate in bone resorption, acid phosphatase 
activity was sought in these cells at the 
ultrastructural level. Osteocytes adja- 
cent to resorbing margins contained 
abundant cytoplasmic acid phosphatase 
(Fig. 12) as did mononuclear inflam- 
matory cells in granulation tissue (Fig. 
13). The abundant cytoplasmic endo- 
plasmic reticula of these cells indicate 
active metabolic activity. In contrast an 
osteocyte from control bone stained for 
acid phosphatase (Fig. 14) demon- 
strates little acid phosphatase reaction 
and the organelle structure appears 
much less active. 


DISCUSSION 


The observations support the hy- 
pothesis that bone resorption in chronic 
inflammatory ear disease is the result of 
enzymatic activity. This activity appears 
to originate within chronic inflamma- 
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Fig. 13. Guinea pig temporal bone con- 
taining chronic otitis media. Mononuclear 
inflammatory cell (M) at bone resorbing 


margin (B) demonstrating acid phospha- 
tase reaction (arrows). (x16,500) 








tory cells of granulation tissue. Histo- 
logic observations of Abramson and 
Huang,* Thompson et al? and Sadé et 
al** have suggested the importance of 
granulation tissue in chronic otitis me- 
dia. We now offer immunohistochemical 
and immunocytochemical evidence con- 
firming the destructive properties of 
granulation tissue. The appearance of 
collagenase staining around mononu- 
clear inflammatory cells was not unsus- 
pected since Wahl et al*® pointed to the 
macrophage as a source of collagenase. 
Their tissue culture studies suggest that 
factors (lymphokines) released from 
lymphocytes stimulated macrophages to 
produce collagenase. 


In addition, the inflammatory reac- 


tion seems to activate bone cells, 
specifically osteocytes, to increase 
proteolytic enzyme production of 


both collagenase and lysosomal en- 
zymes. The ability of osteocytes to gen- 
erate resorption of bone has been 
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Fig. 14. Guinea pig temporal bone 
control. Osteocyte (O) stained for acid 
phosphatase. No acid phosphatase evi- 
dent. Cytoplasm appears much less meta- 
bolically active compared to Fig. 12. 
(x11,340) 


termed osteocytic osteolysis.?* This con- 
cept has not gained universal acceptance 
because morphologic data has been in- 
conclusive. Our findings suggest that 
osteocytes contain the metabolic ma- 
chinery to actively participate in this 
process. The combination of osteocytic 
osteolysis and the destructive action of 
mononuclear inflammatory cells may ex- 
plain the widespread ossicular destruc- 
tion seen in chronic otitis media in the 
absence of multinucleated osteoclasts. 


The extracellular location of collage- 
nase surrounding mononuclear inflam- 
matory cells and osteocytes suggests that 
at least some of the events of bone re- 
sorption occur extracellularly. This is in 
contrast to morphologic electron micro- 
scopic studies of osteoclast resorption in 
which most activity is seen within the 
brush border of the cell. The extracellu- 
lar appearance of collagenase is consis- 
tant with the findings that collagenase is 








present in very low concentrations in tis- 
sue homogenates while it is réleaséd in 
abundant quantities. from ;tssue cul- 
tures.2* This suggests that ¥elease of the 
enzyme is dependent on'éontinuous pro- 
duction and secretion by-iütact cellular 
metabolic functions. The inability to lo- 
calize collagenase intracellularly is of in- 
terest. This may be due to something as 
simple as a concentration factor. The in- 
tracellular concentration of the enzyme 
may be very low or secreted as pro- 
duced. Also, there are known to be at 
least two or more forms of the enzyme, 
an active and inactive. Our antibody has 
been produced against an active collage- 
nase. The inactive or latent form may be 
larger and exhibit a different anti- 
genicity than the active enzyme. Finally, 
collagenase may be synthesized at or 
on the cell membrane, thus explaining 
the double layered granular appearance 
seen ultrastructurally. 


The presence of acid phosphatase 
within mononuclear cells and osteocytes 
further implies their destructive na- 
ture and associates these cells with os- 
teolysis. The mechanism of bone resorp- 
tion is a complicated cascade of events 
involving both organic and inorganic 
processes. Collagenase is known to be 
ineffective in initiating resorption of 
mineralized collagen, indicating that in- 
organic. demineralization probably oc- 
curs prior to collagen breakdown. Col- 
lagen breakdown in tum is important 
because without an organic collagen 
matrix remineralization is unable to 
occur. We are just beginning to un- 
derstand the complex nature of localized 
bone resorption and its relationship to 
chronic otitis media. But the impor- 
tance of granulation tissue and its con- 
tribution to the pathophysiology of bone 
resorption in this disease is quite ap- 
parent. In light of these biochemical 
findings it is evident that an ear with 
chronic otitis media and granulation tis- 
sue has a similar potential to develop 
complications as an ear with cholestea- 
toma. 


In summarv, our findings indicate 
that future efforts to enhance the treat- 
ment of chronic otitis media should in- 
clude efforts towards influencing chron- 
ic inflammation and its biochemical ac- 
tivity. Specifically, inflammation ap- 
pears to activate bone destruction 
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Fig. 6. A) Modified radical mastoidec- 
tomy cavity with tympanomeatal flap laid 
down over horizontal semicircular canal 
(HSC). B) Healing of radical mastoidec- 
tomy cavity by second intention with 
fill-in with collagenous tissue of space 
over bare bone. 


izontal semicircular canal and the mak- 
ing of room for laying down a fenestra- 
tion flap. Cells were removed from the 
tegmen and the front face of the sinus, 
and then the cavity was rounded off at 
about the level of Kérner’s septum. 


The retrosinus and tip cells were not 
usually removed. This often worked out 
well because the retrosinus and tip cells 
remained connected to the perifacial 
cells, and through these, connected by 
way of the hypotympanic cells with the 
middle ear (Fig. 5). The cells of these 
tracts continued to function as air cells 
and caused no trouble with healing. 
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However, when the bone was large 
and cellular there was an increased 
chance of not making a delineation that 
would leave the retained cells connected 
to the middle ear. There was also more 
chance of isolating squamosal, zygomat- 
ic, retrosinus or tip cells that are more 
numerous and more extensive in pneu- 
matic bones. Since the importance of 
isolating and burying mucosa was not 
recognized, the quality of healing was 
a matter of chance, and there were too 
many draining ears following this sur- 
gery. 

The only sure way of solving this prob- 
lem was to remove all the cells con- 
taining mucosa in the mastoid segment, 
regardless of the time and effort re- 
quired. Ultimately, I did this and found 
that it solved the problem of healing in 
fenestrated ears. 

Over the years I have done approxi- 
mately 100 revisions of these unhealed 
fenestration cavities, some of which, un- 
responsive to any type of treatment, had 
been draining up to 25 or 30 years. In 
every case I found mucosal cysts formed 
from the mucosa of isolated cells in the 
cavity (Fig. 7). Invariably the ears be- 
came dry when the cells were removed. 
The great majority of these cases had 
been large, cellular bones where the 
chance of leaving isolated cells is great- 
est. 

I consider that each one of these re- 
vision cases provides confirmation of the 
simple cause-and-effect of retained mu- 
cosa on healing. The surgeon operated 
on a normal, disease-free bone. The ear 
failed to heal. A revision operation was 
done, the cystic disease was demonstrat- 
ed and removed, and the ear became 
permanently dry. It is not possible to 





Fig. 7. Mucosal cysts in isolated cells 
found in revision of fenestration cavity. 
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Fig. 8. Peripheral cells can communi- 
cate with the middle ear across an en- 
larged closed air space following partial 
mastoidectomy just as the cells of an un- 
operated mastoid bone communicate with 
the middle ear through the antrum. 


have a cleaner or more precise demon- 
stration than that. 


If the otologist, operating on a virgin, 
disease-free ear can unintentionally 
leave isolated cells containing mucosa, 
resulting in an ear which drains indef- 
initely he can inadvertently do the same 
thing in a diseased ear. The same conse- 
quences will result even though the sur- 
geon has been very careful to remove all 
the obvious disease. I operate on many 
chronic suppurative ears that have had 
multiple previous operations. In some 
cases, of course, there is retained cho- 
lesteatoma and other diseased tissues. In 
many other cases I find the mass of the 
disease has been removed efficiently, 
but retained isolated peripheral cells 
have been left, causing cystic activity 
with subsequent infection and dis- 
charge. The key to getting these ears dry 
and healed is to take the additional 
step of removing all the peripheral cells 
containing mucosa. I never regret the 
additional time it takes to do this. If 
accomplished, nothing can prevent the 
ear from healing; and if this is not done, 
nothing can be done afterward, short of 
revision, that will make any difference 
in the healing. 


To this point I have been talking 
about the open-cavity mastoidectomy. 
There is, of course, the closed-cavity 
mastoidectomy in which the fate of the 
mucosa can be different. After removal 
of the obvious disease, the peripheral 
cells may remain as air cells without 








causing trouble since they can communi: 
cate with the middle ear across’ the:en- 





larged, enclosed air space (Fig: 8):*Ehis 

explains why the simple mastoidectómy. ' 
has been such a successful operation,’ 
even when the hammer ànd.ehiseLsyere: 


used. Total removal:of thé peripheral 
cells is not essential if the core.of the 
disease is completely removed. This ex- 
plains the current enthusiasm for the 
intact canal wall operation which allows 
a simple mastoidectomy type of closed 
cavity operation to be done. ` ` 


It should be emphasized, though, that 


isolated air cells in a closed cavity mas- ` 


toidectomy must have free communica- 
tion to the middle ear thtough the isth- 
mus connecting the mastoid segment to 
the middle ear. Otherwise, they will be- 
come cystic. It is interesting to speculate 
that the success of the simple mastoidec- 
tomy may be, at least in part, due to the 
fact that the operator is usually careful 
to avoid the ossicles and thus avoids in- 
jury to the mucosa lining the isthmus to 
the middle ear. Retraction pockets that 
we now find in closed cavity tympano- 
plasties may be caused more frequently 
than we thought t trauma to the mu- 
cosa and blockage in this area where 
cholesteatoma and diseased tissue often 
must be removed. 


Now, of course, it would seem that the 
way to avoid all the problems of open 
cavity healing would be to do a closed 
cavity operation. At one time I thought 
this was the solution to the problems of 
postoperative healing and became en- 
thusiastic about developing closed cav- 
ity procedures for all the operations I 
was performing. In 1958 I reported a 
closed radical mastoidectomy;? in 1961 
I reported two methods of closed cav- 
ity fenestration;^* and in 1962 I began 
doing closed cavity tympanolasties in 
ears with acquired cholesteatoma where 


mastoidectomy was necessary. This was 


reported in 1965.5 


These procedures were entirely satis- 
factory in providing quick healing, and 
indeed, initially seemed to solve all the 
problems of postoperative care. It was 
the late developments that caused 
trouble. 


In the closed cavity radicals I thought 
I had a perfect procedure. Healing was 
complete in ten days, the patient could 
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shower and:swim; and since the closure 
was at the endaural opening, he appar- 
ently would never again need to see a 
doctor for postóperative care. In time, 
. though, revisions ran about 4% for recur- 
ring cholesteatoma. In addition, it de- 
veloped that if a patient complained of 
headache, experienced referred pain 
from the pharynx, or developed influen- 
za or any instability, the closed cavity 
mastoid immediately fell under suspi- 
cion. There was always the question of 
retained cholesteatoma. 


I soon discovered that I could avoid 
criticism by doing a wide open radical 
mastoidectomy and letting the cavity 
heal by second intention. When all the 
mucosa was removed from the cavity it 
filled with collagenous tissue and heal- 
ing without a cavity was complete in 6 
to 12 weeks. If any mucosa or cholestea- 
toma is retained, the cavity does not fill 
in. This is an additional indicator of 
whether or not an adequate operation 
has been done. It has proved to be a 
predictable and safe way of getting all 
the benefits of primary closure without 
cavity. It also has confirmed the prin- 
ciple that retained mucosa as well as 
cholesteatoma interferes with healing. 


The closed cavity fenestration taught 
me several principles concerning the be- 
havior of mucosa in retained cells. A 
small series of closed cavity fenestra- 
tions was done through a single endau- 
ral incision. Enough of the mastoid was 
exenterated to gain comfortable access 
to the horizontal semicircular canal 
where a fenestra was made and covered 
with a pedicled temporal muscle flap. 
The cavity was closed by suturing the 
original endaural incision. The excellent 
hearing and the absence of any post- 
operative healing problem were report- 
ed at the AAOO meeting in 1961.* 


After two years or so hearing began to 
drop below a practical level. I was able 
to revise four of the six cases, convert- 
ing them to classic open cavity fenestra- 
tions, with restoration of good hearing. 
In each case I found that the thick meso- 
dermal muscle flap covering the fenestra 
had blocked. communication betwen the 
mastoid segment and the middle ear 
cleft. Cystic formation had developed in 
the large mass of retained mastoid cells. 
While only a few cases were involved, 


they indicated that blocking isolated 
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cells in a closed cavity from the middle 
ear air space will cause the mucosa in 
those cells to undergo cystic activity. 


Later, I performed another type of 
closed cavity fenestration through an 
antrotomy opening. Eudaural and mea- 
tal incisions were made to open the ear 
and prepare a fenestration flap. The 
bony meatal canal was widened as 
much as possible, mostly superiorly and 
inferiorly, without going into the mas- 
toid except at the antrum. Enough room 
was provided to make a fenestra in the 
horizontal semicircular canal without the 
need to remove many cells. This proved 
to be a very successful operation, with 
healing equivalent to that of a stape- 
dectomy because the mucosal system 
was not disrupted and the air cells main- 
tained an ample connection to the ex- 
ternal environment. 


At one time I thought closed cavity op- 
erations offered great promise in tym- 
panoplasty with mastoidectomy. En- 
daural and meatal incisions were used to 
open the ear and to fashion a tympano- 
meatal flap. The same complete mas- 
toidectomy, with removal of the bony 
posterior canal wall was done as in 
open operations. It did not occur to me 
to try to remove cholesteatoma in the 
presence of an intact posterior bony 
canal wall. The spines were remove 
and the facial ridge and the bony floor 
of the meatal canal were recessed. The 
tympanic membrane was separated from 
the malleus and elevated from the annu- 
lar sulcus posteriorly to provide an ex- 
posure equivalent to that for a radical 
mastoidectomy. Following removal of 
disease from the middle ear and recon- 
structive procedures for the hearing, the 
drum and tympanomeatal flap were re- 
placed in their original position and the 
edges of the original endaural incisions 
were sutured together. This reconstruc- 
ted a meatal canal with only skin posteri- 
orly. Healing was rapid. 


However, in time one insurmountable 
problem developed: retraction. If the 
cavity was small, it made little differ- 
ence. The retraction resembled a modi- 
fied radical cavity with the original 
stretched skin which maintained its own 
debridement and needed no care. In too 
many cases, though, particularly in large 
pneumatic cavities, the retraction was 
so severe that perforation took place in 
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the stretched skin, often at the sinodural 
angle, opening the possibility of infec- 
tion and recurrent cholesteatoma. 

Some of the difficulties encountered 
with these closed cavity operations were 
not too different from those being re- 
ported now with the intact canal wall 
operation. Cody and Taylor? in their 
analysis of 423 mastoidectomies with ac- 
quired cholesteatoma done at the Mayo 
Clinic, have pointed to a failure rate due 
to cholesteatoma or retraction pockets 
which is nine times higher for the intact 
canal wall group than it is for the open 
cavity mastoidectomies. Failures for any 
reason were 18% for open cavity mas- 
toidectomies and 59% for intact canal 
wall operations. 


In another report, Abramson et al 
have shown that residual or recurrent 
cholesteatoma occurred in 35$ of intact 
canal wall mastoidectomies. At the end 
of five years they found that the prob- 
ability of being disease free after the 
modified radical mastoidectomy was 89% 
while after intact canal wall mastoidec- 
tomy the probability of being disease 
free was 36%. 


About 12 years ago I came to the con- 
clusion that I preferred open cavity op- 
eration in which I could control future 
healing based on my surgical procedure 
rather than closed cavity technique that 
predictably would present healing prob- 
lems that I could not solve except by 
reoperation. Since then I have been 
doing all required mastoidectomies with 
a modified radical technique. In addi- 
tion to removing the bony canal wall 
and spines, lowering the facial ridge and 
bony floor of the meatus, I dissect the 
drum from the malleus and elevate 
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its posterior sulcus. , This 
provides total exposure of the mid- 
dle ear for removal of disease and 
reconstructive procedures. There is lit- 
tle need to be concerned about residual 
cholesteatoma or the problem of re- 
traction with recurrent cholesteatoma. 
Disease can be removed and hearing re- 
stored in one operation and there is no 
need for a second look. By taking the 
time to exenterate a cavity completely 
and thoroughly to remove all the ves- 
tiges of mucosa I have been rewarded 
with permanently dry ears, routinely. 


it from 


In conclusion, for a number of years, 
various techniques have been used in an 
effort to avoid the problems of open ca- 
vity healing. These have included re- 
tention of the intact bony canal wall, 
reconstruction of the bony canal wall 
after having removed it, and oblitera- 
tion of the mastoid cavity. Recent re- 
ports indicate that with these methods 
recurrence of cholesteatoma is more 
common than was earlier reported and 
that long-term results, ie, the numbers 
of failures for any reason, are decidedly 
unfavorable when compared to open 
cavity operations. 


It is not the purpose of this paper to 
make judgments as to the relative merits 
of open versus closed cavity operations. 
The observation may be made, never- 
theless, that problems which develop lat- 
er with closed cavity methods have not 
been solved. It is the thesis of this paper 
that the main objection to open cavity 
operations, ie., poor quality of healing, 
can be resolved. It requires only that the 
surgeon take the time and the trouble, 
at operation, to remove all mucosa from 
the mastoid segment. 
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* TRENDS AND PROFILES IN STAPES SURGERY 
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Stapedectomy has become recognized as the procedure of choice in the surgical treatment 
of clinical otosclerosis. Based on results obtained in stapes surgery performed in 1977, profiles 
were éstablished for hearing improvement, vertigo, tinnitus, chorda tympani injury and tem- 
porary threshold shift of high tones. Tympanometric and stapedial muscle reflex tests in cases 
of proved clinical otosclerosis also are discussed. The profiles indicate that stapedectomy per- 
formed on a regular basis and under ideal conditions is highly successful for the improvement 
of hearing. The incidence and probable causes of complications are presented and discussed. 
'This study reveals, however, that the number of new patients with otosclerosis has decreased 
steadily since its peak in 1964. Should the number of surgical cases continue to diminish, it 
may be impossible for the practicing otologist to maintain sufficient expertise for the perfor- 
mance of an occasional stapedectomy. Also, it may become impossible to provide sufficient ex- 


perience in otosclerosis surgery for all trainees in otolaryngology. 


Fenestration of the horizontal semi- 
circular canal for the restoration of hear- 
ing in otosclerosis was meeting consider- 
able patient resistance in the late 1950s. 
Fortunately, by that time stapes surgery 
had passed through its developmental 
stages and was growing in the confi- 
dence of otologists. 


The acceptance of stapes surgery in 
the early 1960s progressed rapidly and 
in 1964 (Fig. 1) the peak number of this 
operation was recorded. Although show- 
ing a gradual decrease over the next 
five years, the number of operations 
performed yearly remained relatively 
high. By 1970 the number of cases had 
diminished to approximately one third 
done in 1964. This level, between 100- 
200 cases yearly, has been maintained 
until the present time. Some important 
trends were disclosed when the cases 
performed in 1977 were studied. The 
number of new patients with otoscle- 
rosis had decreased and the majority of 
stapedectomies had been performed on 
the second ear. I had performed the first 
stapedectomy on the majority (832) of 
these patients. In zoomi ear cases, an 
average of five years elapsed between 
operations. The second ear seldom had 
been operated upon before a period of 
two years. It was noted further that pa- 
tients having the first stapedectomy in 
1977 were younger in age than previous- 


ly. Of the 40 patients having the first 
stapedectomy in 1977, 73% were youn- 
ger than 35 years of age, and had been 
having difficulty in hearing for an aver- 
age of three years. In contrast, 100 pa- 
tients having had stapedectomy in 
1964 were found to be an average of 48 
years of age and had noticed a hearing 
loss for an average of 11 years (Table 
1). 


These statistics suggest that the back- 
log of older otosclerotic patients has 
been depleted and the new patients seen 
today are younger and have clinical 
symptoms for a shorter length of time. 
Some older patients with otosclerosis 
are seen who have not had a previous 
otological study or have been reluctant 
to have surgery. 


Four revisions were performed in 
1977 because of regression in hearing. 
In all four cases the loss of hearing was 
due to displacement of the polyethylene 
tube prosthesis which was employed be- 
tween 1958 and 1961.' Scar tissue had 
drawn the tube toward the promontory 
[e thus contact with the footplate was 
ost. 


There were five cases which exhibited 
a conductive hearing loss and had a 
normal appearing tympanic membrane. 
The preoperative diagnosis of otoscle- 
rosis was proved inaccurate as an ossic- 
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Fig. 1. Trend of stapes surgery. 


ular abnormality was found in five. In 
two cases there was a congenital fixation 
of the malleus where the head was fixed 
anteriorly to the anterior tympanic spine 
and superiorly to the tegmen tympani. 
The manubrium was absent in the other 
case. In the third case, congenital ossic- 
ular fixation of the stapes footplate was 
seen in a young girl ten years of age. 
Ossicular discontinuity was found in two 
cases. In one the incus was displaced as 
a result of trauma and the other had 
postinfectious lenticular process erosion. 
All cases had clinical and audiometric 
findings similar to those with otoscle- 
rosis, but in four of the five cases the 
hearing loss was unilateral ( Table 2). 


The volume of surgical cases has be- 
come stabilized at approximately 100 
cases yearly in a practice limited to otol- 
ogy. This number would provide a sur- 
gical case load which averages about 2-3 
stapedectomies per week. As most new 
patients are young, it is possible to con- 
clude that this trend represents the rate 
of currently maturing otosclerosis. Fur- 
thermore, a large number of second ear 
stapedectomies are now being done and 
fewer will be available in the future. 
This is further reason to predict that the 
decrease in the number of stapedec- 
tomies may continue. 


PROFILE OF HEARING IMPROVEMENT 


In general stapedectomy using fat 


and wire protheses has been found to 
improve hearing in 96% of cases (Table 
3). Among these cases, the postopera- 
tive air conduction hearing was im- 
proved in 222 to a level above the pre- 
s dou pe bone conduction. A clear 
physiological explanation, however, for 
overclosure of the air-bone gap has not 
been established. In most cases (63%), 
the air-bone gap was closed to within 10 
dB and in 15% the hearing level was im- 
proved but did not approach to within 
10 dB of the preoperative bone conduc- 
tion.? 


In two cases there was no postopera- 
tive improvement, and in both cases the 
conductive hearing loss was unilateral. 
The postoperative bone conduction and 
discrimination for speech remained un- 
changed. The reason for failure to ob- 


TABLE 1. SOURCES AND 
CHARACTERISTICS OF SURGICAL CASES 








Total cases 103 
Total fat wire stapedectomy 94 91% 
First Ear Total 40 43% 
Younger than 35 years 29 73% 
Older than 35 years 11 27% 
Second Ear Total 54 57% 
My patients 45 , 83% 
Other surgeons 9 17% 
Revisions 4° 4% 
Conductive loss, 
not otosclerosis 5 5% 
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TABLE 2. ANALYSIS OF NONOTOSCLEROTIC CONDUCTIVE HEARING LOSS 








Total cases 
Conductive loss, not otosclerosis 
Congenital ossicular fixation 
' Malleus head fixation 
Malleus malformation 
Stapes footplate fixation 
Ossicular discontinuity 
Traumatic 
Postinfections 


tain the expected hearing improvement 
is not clear as there were no unusual 
findings at surgery and the procedure 
was performed without problems. The 
two patients did not experience any 
vertigo or unusual symptoms in the 
postoperative period. 


The one total cochlear loss could not 
be explained by middle ear findings or 
by the events during the operation. On 
rare occasions the inner ear reacts un- 
predictably and serous labyrinthitis with 
hydrops develops which destroys the 
cochlear function. Vestibular responses 
in this case of complete cochlear loss of 
function remained present but dimin- 
ished by 24% when compared to the 
unoperated ear indicating that the laby- 
rinthitis also involves the vestibular 
organs. 


PROFILE OF TEMPORARY THRESHOLD SHIFT 


Varying degrees of temporary loss of 
hearing between 2000 to 8000 Hz oc- 
curred in 33% of cases (Table 4). Ap- 
plying the burr to the oval window has 
been considered the most important 
contributing factor in this complication. 
Of the 94 stapedectomies, 69% had a 
blue, thin stapes footplate without nar- 
rowing of the oval window niche (Table 
5). The burr was not used in these cases. 
In 29 cases the burr was required but 
only in 9 was it applied directly to the 








103 
5 5% 
3 60% 
1 33% 
1 33% 
1 33% 
2 40% 
1 50% 
1 50% 


footplate of the stapes. In these nine 
cases the footplate was too thick to be 
divided with a needle and the footplate 
was extracted using techniques previous- 
ly described.? Among these, a very thick 
footplate was found in six cases but the 
stapediovestibular joint was identifiable. 
In only three cases was the footplate 
found to be thick and the stapedioves- 
tibular joint space obliterated. In 20 
cases the burr was used to enlarge a 
narrow oval window niche but applica- 
tion of the burr to the footplate of the 
stapes was not necessary. 


In 13 cases there was no clearly identi- 
fiable cause for the temporary high 
tone threshold shift ( Table 4). Of the 29 
cases which required the use of a burr 
high tone temporary threshold shift was 
demonstrated in only 5 cases. Signifi- 
cant bleeding into the vestibule occurred 
in 15 cases but only 4 cases showed a 
temporary threshold shift. This unfavor- 
able labyrinth response was found to 
occur most often when perilymph was 
aspirated from the vestibule in the 
course of footplate extraction. Of the 11 
cases in which a significant amount of 
perilymph was lost, 9 cases (82%) dem- 
onstrated temporary high tone threshold 
shift ( Table 4). 


PROFILE FOR TINNITUS 


Most patients having a temporary 


TABLE 3. ANALYSIS OF HEARING RESULTS AFTER STAPEDECTOMY 





Total fat wire stapedectomy 
Hearing improved 
Overclosed AB gap 
Closed AB gap (BC - 10 dB) 
Improved 


No improvement 
Cochlear loss 
AB - Air-bone; BC - Bone conduction. 





94 
91 96% 
20 22% 
57 63% 
14 15% 
2% 
1 1% 


STAPES SURGERY 


TABLE 4. ANALYSIS OF CAUSATIVE 
FACTORS IN TEMPORARY HIGH TONE 
THRESHOLD SHIFT 











No. of High Tone 
Pi: Shift 
Without cause 13 
29 Required drilling 5 
11 Loss of perilymph 9 
15 Bleeding into vestibule 4 
94 Total cases 31 


high tone threshold shift complained of 
loss of discrimination and distortion of 
speech early in the postoperative period. 
Some complained also of high pitched 
tinnitus but the shift and the tinnitus 
were not always related. The majority of 
cases showed slow recovery of the high 
tone loss in the weeks following the 
surgery. Very few, however, were ob- 
served to recover completely, and con- 
sistently a residual loss remained. Tin- 
nitus which appeared as a result of the 
surgery rarely subsided with the passage 
of time (Table 6). 


Tinnitus which was present before 
surgery remained unchanged following 
stapedectomy in most cases. In 35$ the 
level of tinnitus decreased or disap- 
peared completely and in 72 the tinnitus 
became more intense after surgery. 
Tinnitus which became more intense af- 
ter surgery was found most often as- 
sociated with a high tone hearing loss. 


PROFILE FOR INJURY TO CHORDA TYMPANI 


The chorda was preserved in the ma- 
jority of cases (71%). In 17 cases the 
chorda was sacrificed but only ten pa- 
tients complained of disturbance in 
taste. Stretching or tearing of the sheath 
of the nerve was considered the same 
as having severed the nerve. Very few 
of the patients whose chorda tympani 
was traumatized or severed com- 


TABLE 5. APPLICATION OF BURR 
REQUIRED BY DISTRIBUTION AND 
CHARACTERISTICS OF OVAL WINDOW 











OTOSCLEROSIS 
Total fat wire stapedectomy 94 
No drilling, blue footplate 65 69% 
Drilling required 99 31% 
Solid footplate 3 11% 
Biscuit 6 20% 
Narrow oval window 20 69% 
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TABLE 6. ANALYSIS OF TINNITUS AND 
INJURY TO CHORDA TYMPANI 








Total fat wire stapedectomy 94 
Tinnitus lessened 33 35% 
Tinnitus worse T 1% 
No change 54 57% 
Chorda preserved 67 71% 
Chorda sacrificed 17 18% 
Disturbance in taste 10 11% 


plained of taste disturbance for a long 
period of time (Table 6). Some com- 
plained of a bitter or metallic taste on 
the tongue on the side corresponding to 
the injured nerve. Soon, however, there 
were no further complaints and the pa- 
tient made some type of adjustment 
which is not clear. 


PROFILE OF VERTIGO 


Vertigo following — stapedectomy 
should be an uncommon complaint. 
However, when it does occur it indicates 
that some surgical trauma to the laby- 
rinth has taken place. Only 13 of 94 
cases (14%) experienced vertigo for 
more than one day. The most common 
causative agent was found to be exces- 
sive aspiration of perilymph (Table 7). 
Bleeding into the vestibule seemed a 
less important factor in causing postop- 
erative vertigo. Aspiration of blood from 
the oval window usually is preceded by 
the perilymph because the blood is 
much heavier than the perilymphatic 
fluid. It seems preferable, therefore, to 
allow small amounts of blood to remain 
in the vestibule as blood seems to cause 
little labyrinthine reaction. Of the 94 
stapedectomies 16 had vertigo lasting 
onlv a few hours. This brief period of 
vertigo probably may not have been of 
labvrinthine origin and rather was due 
to the relatively large doses of preopera- 
tive medication required in stapedec- 
tomies done under local anesthesia. Most 


TABLE 7. INCIDENCE AND ANALYSIS 
OF POSTOPERATIVE VERTIGO 











Less More 
Than Than 
No. of One One 
Pt. Day Day None 
11 Loss of perilymph 10 H 
15 Bleeding into 
vestibule 3 


94 Total cases 16 13 65 
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TABLE 8, TYMPANOMETRIC RESPONSES 
IN OTOSCLEROSIS WITH PROVED 
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TABLE 9. CONTRALATERAL MUSCLE 
REFLEXES IN STAPEDIAL FOOTPLATE 








' STAPEDIAL FOOTPLATE FIXATION FIXATION 
Total cases 64 Total cases 64 
AS curve 26 40% Response absent 54 84% 
A curve 32 50% Response present 10 16% 
C or B curve 6 10% 
Theoretically, it is possible to obtain 
cases (69%) experienced no vertigo a weak positive reflex if the stapes 


whatsoever after stapedectomy. 
PROFILE OF TYMPANOMETRY 


Tympanometry most often revealed a 
normal A type curve (50%) in patients 
tested. The anticipated AS type curve 
typical for otosclerosis was obtained in 
40%. In 10% of cases types C or B curves 
were seen but at surgery there were no 
clear explanations for these responses 
( Table 8). The AS type curve, indicat- 
ing limitation of motion of the tympanic 
membrane is the anticipated response in 
otosclerosis, The high percentage of nor- 
mal type A configuration found in clin- 
ically proved otosclerosis with stape- 
dial fixation is difficult to explain. The 
fixed stapes should prohibit normal 
mobility of the ossicular chain and 
tympanic membrane. In the cases with 
A type responses, however, the stapes 
was found to be sufficiently fixed at the 
footplate in all cases to cause loss of 
hearing. Factors related to ossicular 
movement other than otosclerosis may 
permit partial mobility of the tympanic 
membrane and may account for the high 
number of normal A type responses. As 
an isolated test the tympanogram was 
considered to be unreliable in diagnosis 
of stapes fixation due to otosclerosis. 
When related to other tests, however, 
it does have limited clinical value. 


The stapedial muscle reflex was 
found to be more reliable as an indica- 
tion of footplate fixation. The contra- 
lateral reflex was absent in 84% of cases 
(Table 9), and a response was ob- 
tained in 16%. As the stapes is fixed in 
the oval window, contraction of the 
stapedial muscle will not cause motion 
in the ossicular chain and tympanic 
membrane. The reflex therefore will be 
absent in the tympanogram. 


Confusing results have been obtained 
since a reflex was found to be present 
in 16% of cases with clinically proved 
fixation of the stapes by otosclerosis. 


crura are thin and pliable permitting 
some motion in the tympanic membrane. 
A reflex may also be present in early 
otosclerosis with minimal fixation of 
the stapes footplate. As the otosclerotic 
lesion cannot be visualized directly, the 
preoperative diagnosis is made by the 
process of elimination. The stapedial 
reflex becomes of greater value in the 
differential diagnosis of a conductive 
hearing loss of unclear etiology. 


DISCUSSION AND CONCLUSIONS 


Stapedectomy has become accepted 
and recognized as a highly efficient op- 
erative procedure. It is considered the 
procedure of choice in the surgical treat- 
ment of clinical otosclerosis. The sur- 
gical procedure is short in duration, de- 
finitive, challenging, and highly success- 
ful as 96% of patients experience im- 
proved hearing. After developing im- 
proved surgical skills and techniques 
some of the complications which at first 
seemed inherently associated with this 
operation became less frequent. Post- 
operative vertigo provides a good ex- 
ample. 


For a period of time following the 
introduction of stapedectomy, vertigo 
of varying degrees was experienced by 
almost every postoperative patient. Loss 
of equilibrium was considered a regular 
and usual labyrinthine response to this 
operation. With the improvement of 
instrumentation and surgical techniques 
vertigo became less frequently seen, and 
today postoperative vertigo has been 
practically eliminated. When it occurs, 
however, vertigo generally indicates 
that the vestibular structures have re- 
ceived some type of surgical trauma. 
Direct invasion of the vestibule by in- 
struments and the excessive aspiration 
of perilymphatic fluid are the most fre- 
quent causes. Consequently, extreme 
care should be taken to avoid the ap- 
plication of the aspirating tube too close 
to the oval window and to extract the 
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footplate only after complete hemostasis 
has been achieved.? 


A temporary high tone threshold shift 
following stapedectomy was observed in 
one third of the cases. This unfavorable 
cochlear response was most frequently 
seen after perilymph had been aspirated 
from the inner ear. At one time the use 
of the burr in the oval window was 
thought to be the most important cause 
for this response. The statistics herein in- 
dicate that loss of perilymph is the basic 
problem and not the trauma of the burr. 


In reality, stapedectomy does not seem 
to have a decisive effect on tinnitus in 
the majority of cases. In a few cases 
the tinnitus was identified and in 24% 
the tinnitus was diminished or complete- 
ly relieved. Injury to the chorda tympani 
rarely creates any complaints which are 
of long duration. Some form of com- 
pensation must take place which helps 
the patient adjust to the loss of taste. 
Occasionally patients will complain of 
a metallic taste on the side of the in- 
jured chorda tympani nerve. In time 
most patients seem to compensate for 
the loss as the complaint is no longer 
mentioned. 


Tympanometry was found to contrib- 
ute little in the differential diagnosis of 
otosclerosis. The stapedial muscle re- 
flex, however, offers useful information 
in cases with complicated clinical find- 
ings. As 10% of the cases with proved 
stapedial footplate fixation had an iden- 
tifiable reflex, this test therefore only 
can be considered of value with respect 
to all other clinical tests and physical 
findings. 

The most significant conclusion of this 
studv is the apparent trend toward a 
steady decline in the number of pa- 
tients with clinical otosclerosis resulting 
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in fewer stapedectomies. Insufficient 
surgical cases will have a serious effect 
on the practice and training of otolo- 
gists. , 


The profiles of stapedectomy reveal 
that consistently good results can only 
be produced by experienced surgeons 
with well maintained equipment and 
competent assistance in the operating 
room. The shortage of surgical cases 
makes it difficult to keep the operating 
room staff and equipment in optimum 
condition. The practicing otologists who 
see only a few cases of otosclerosis year- 
ly also may find it difficult to maintain 
sufficient personal confidence to per- 
form an occasional stapedectomy. 


The inner ear is a delicate and labile 
structure which does not accept even 
the slightest trauma without a response. 
A small error, such as the aspiration of 
excessive perilymphatic fluid may be 
reflected in an unfavorable postopera- 
tive result. Furthermore, an occasional 
complete cochlear loss following a stape- 
dectomy which was considered flawless 
in every respect has occurred even in 
the hands of experienced otologists. 


As otosclerosis is not present in labora- 
tory animals, the aspiring otologist 
must obtain his training in the operating 
room under the careful supervision of an 
experienced instructor. Should the num- 
ber of surgical cases continue to dimin- 
ish, it may be impossible to provide suf- 
ficient experience in otosclerosis surgery 
to all trainees in this specialty. If this 
situation prevails, experience in stapes 
surgery may become available to rela- 
tively few individuals at major training 
centers or in preceptorship programs 
under direction of otologists who per- 
form stapes surgery on a regular basis. 
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The histologic findings in a serially sectioned temporal bone, from a patient who suc- 
cumbed to brain abscess secondary to necrotizing (“malignant”) external otitis, are described. 
The mechanism of invasion of the ear canal appears to be due to local bone necrosis. This in 
turn extends to the submucosal vasculature of the pneumatic spaces. The infective process ex- 
tends submucosally, establishing one or several sites of bone destruction. The lumen of the 
pneumatic space.is not involved. In this process, the periphery of the fibrous inflammatory tis- 
sue formation is the site of active bone destruction. In pneumococcal petrositis, the peripheral 
fibrous elements are protective. The process in malignant external otitis may extend directly 
to adjacent central nervous system structures inoculating the structure with Pseudomonas. De- 
velopment of Pseudomonas brain abscesses can be slow, allowing for new bone closure of the 
site from which the infection spreads as demonstrated in this specimen. Therefore, apparent lo- 


cal control of the disease can be established while a central infective process progresses. 


The attempts to understand the path- 
ogenic processes of lethal inflammatory 
ear disease during the 1880s followed 
centuries of such efforts. At that time 
Bricheteau (1834)! may have been dis- 
cussing the fulminating form of external 
otitis which was identified by Meltzer 
and Keleman in 1959.? Chandler? later 
described the entity in clinical detail 
and coined the name, malignant external 
otitis. Some of the early French authors 
interpreted the presence of purulent ma- 
terial from the ear as a spontaneous 
rupture of a brain abscess; the ear, they 
thought, provided the route for external 
drainage. Though now recognized as fal- 
lacious, the association of brain abscess 
and fulminating ear disease, was becom- 
ing firmly established and has relevance 
to our current knowledge and investiga- 
tions concerning malignant external 
otitis. 

Meltzer and Keleman? indicated that 
the histologic specimen showed scattered 
areas of involvement of an inflamma- 
tory process. From this they concluded 
that the process was blood-borne and in- 
volved diploic bone, the essential char- 


acteristics of osteomyelitis. Schuknecht 
has agreed with this conclusion.* 


Chandler? identified the potential 
rapid clinical course of the disease and 
the characteristics that allowed it to be 
distinguished from other processes. He 
indicated that diabetes was a common 
disease in patients having the disorder. 
The surgical management proposed for 
this entity was appropriately extensive 
based on its rapid course. Currently, 
medical management satisfactorily con- 
trols promptly treated cases. 


Pseudomonas has been regularly cul- 
tured from patients having this disorder. 
However, it was recently stated? that 
appropriately prepared anaerobic cul- 
tures in some patients revealed an- 
aerobes which responded to specific 
medications chosen on the basis of sen- 
sitivity studies. 


It is curious that some papers report 
death from brain abscesses or unidenti- 
fied causes after the otitic process has 
cleared, and apparent resolution of the 
disease had occurred.5 


The purpose of this paper is to de- 


*Unidentified verbal discussion from audience to Dr. Ryan Chandler's presentation on Ma- 
lignant External Otitis, American College of Surgeons Meeting, 1976. 
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EXTERNAL OTITIS 


scribe the histologic findings in a serially 
sectioned temporal bone, from a pa- 
tient who succumbed to brain abscess 
secondary to malignant external otitis. 


This material gives us information re- 
garding: 1) the mechanisms of inva- 
sion; 2) the details of the routes of 
spread; 3) the process by which normal- 
ly resistant bone is destroyed; and 4) 
the sequential events which may ac- 
count for the phenomenon of late com- 
plications in apparently cured patients. 
The pathologic process is contrasted to 
that of pneumococcal petrositis. 


CASE REPORT 


The patient (AD), a 76-year-old Cau- 
casian male, was well until August 1 of 
the year of his death, when while at the 
beach a wave hit him in the left ear and 
he experienced some pain. He contin- 
ued to have pain and saw his doctor who 
placed him on ear drops and antibiotics. 
The disease continued and an otologist 
diagnosed severe external otitis. He was 
treated medically with drops and anti- 
biotics. Abscesses of the canal skin were 
biopsied and curetted twice early in 
October. On August 17, a modified rad- 
ical mastoidectomy was performed. This 
was revised November 1. A facial pa- 
ralysis had developed between the two 
procedures. At the time of the second 
procedure, the nerve was found to be in- 
tact, but surrounded by an inflammatory 
process. The mandibular fossa was 
bathed in pus. Cultures grew Pseudo- 
monas. 


The patient was transferred to the 
University of Florida hospital with re- 
sidual severe pain in his left ear and jaw. 
On examination, a left posterior auricu- 
lar sinus was present (previous site of 
Penrose drain). The mastoid cavity and 
external canal contained granular tis- 
sue and purulent exudate. The external 
ear was normal. There was a complete 
left facial paralysis. He was identified as 
being midly diabetic, a condition which 
was controllable with diet and oral medi- 
cations. On November 22, surgery was 
performed. The ear was debrided of all 
granulation tissue. Culture taken at that 
time grew Pseudomonas. He gradually 
improved. The ear was drying and gran- 
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ulations resolving. On approximately 
December 15, 24 days after his last sur- 
gery and 3% months since the onset of 
his disease, an insidious beginning of a 
changing mental status occurred. This 
consisted of occasional disorientation oc- 
curring at night. Neurologic consultants 
felt this to be normal for the patient's 
age. There were no other new neuro- 
logical abnormalities. The mental status 
defect became more prominent and a 
brain scan was ordered. This showed 
some increased activity in the left pos- 
terotemporo-occipital area, consistent 
with recent aural surgery. Neurosurgi- 
cal consultants recommended skull x- 
rays and an electroencephalogram. On 
December 27 at 4:00 AM, the patient 
was found to be unresponsive and flac- 
cid. A lumbar puncture produced gross- 
ly purulent spinal fluid. A cerebral an- 
giogram was performed and revealed a 
left temporal lobe mass. Evacuation of 
a left temporal lobe brain abscess was 
performed. The patient expired on De- 
cember 30. 


An autopsy was performed four hours 
after death. The temporal bones were re- 
moved and prepared for processing. 
On removal of the calvarium there was 
some serous drainage, but no epidural 
hemorrhage. The. brain had a normal 
shape. There was clouding of the me- 
ninges. In the left temporal area there 
was softening and. several hemorrhagic 
sites were noted corresponding to the 
sites of surgical drainage. Examination 
of the inside of the skull revealed no 
drainage or opening from the temporal 
and mastoid bones into the cranial cav- 
ity. The transverse and sigmoid sinuses 
were examined and there appeared to 
be clotted blood of antemortem nature 
in the left sigmoid sinus. Microscopic 
evaluation of the brain showed a small 
left temporal lobe abscess, with focal 
meningitis and ventriculitis, secondary 
to a rupture of the small brain abscess 
into the left lateral ventrical. 


TEMPORAL BONE FINDINGS 


Left Ear. The middle ear cavity had 
minimal submucosal fibrosis, but no evi- 
dence of active bone destruction (Fig. 


1). 


In the inner ear there was no inflam- 


*The temporal bones were processed in the Otolaryngology Temporal Bone Laboratory, the 
University of Florida School of Medicine, Gainesville, Florida. 
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Fig. 1. A) Stapes footplate. There is minimal submucosal thickening over the stapes 
(a). B) Round window membrane. There is no evidence of an inflammatory process in 
the perilymphatic space (b). On the external surface of the round window membrane, 
thickening and submucosal fibrosis has occurred. 





Fig. 2. Petrous apex (low power) adjacent to the superior semicircular canal (a). 
Centrally (b) there is an area of a fibrotic inflammatory process. Destruction of trabe- 
cular and compact bone has occurred at the periphery of this area. There is thickening 
of the mucosa within pneumatic spaces (c). The lumen of all pneumatic spaces are free 
of pus; some contain protein debris. The semicircular canal contains no inflammatory 
debris. (X9.5) 
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Fig. 3. A) Perilymphatic duct showing minimal subepithelial thickening in its mid- 
portion. B) Direct extension of the fibroinflammatory process to the ducts widened 
portion (a). There is in this area marrow space involvement (b). A pneumatic space 
(c) has subepithelial fibrosis, but no lumenal purulent material. An area of compact 
bone destruction is visible (d). 


matory involvement of the membranous 
cochlea, vestibule, or semicircular canals 
(Figs. 1 and 2). At the midportion of 
the cochlear duct, a subepithelial in- 
flammatory process was observed. This 
process extended from the duct's mid- 
portion towards its arachnoid orifice. 
Near the external dural aperture of the 
cochlear duct at its widened portion, di- 
rect communication occurred with a fi- 
brous nonpurulent type of inflammatory 
process. There was active bone destruc- 
tion at the periphery of this process 
(Fig. 3). The dura adjacent to this area 
was slightly thickened, but there was no 
evidence of direct spread to the central 
nervous system structures. 


OTIC CAPSULE AND PNEUMATIC BONE 


The residual defect of the mastoid 
cavity was filled with connective tissue, 
in some areas covered with a thin layer 


of squamous epithelium. This fibrous 
process extended superiorly to the apex 
adjacent to the arcuate eminence (Fig. 
2), inferior-medially to the perilymphat- 
ic duct (Fig. 3), and anteriorly to- 
wards the middle ear space. In the api- 
cal region new bone formation had oc- 
curred, presumably forming the new 
barrier between the fibrous process and 
the middle fossa. The mode of bone de- 
struction in all areas appeared to be by 
osteoblastic and osteoclastic activity and 
occurred at the periphery of the fibrous 
tissue. The compact bone was widely 
involved in this destructive process. 
Pneumatic trabeculae were not widely 
destroyed in any coalescent process. The 
lumen of the pneumatic spaces con- 
tained proteinaceous debris, but did not 
contain elements of an inflammatory 
process. The mucosa lining the pneu- 
matic spaces was commonly thickened: — 
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= Fig..4, Destruction of compact bone (a). Adjacent pneumatic spaces (b). There is 
submucosal thickening of the pneumatic spaces and subepithelial new bone formation 
(c). The bony walls of some pneumatic spaces have been destroyed, but the mucosa 


remains intact (d). 


and involved in a fibrous process similar 
to that seen in the larger destructive 
areas. The pneumatic spaces were rarely 
obliterated by this process. The bony 
walls of the pneumatic spaces often con- 
tained submucosal new bone or osteoid. 
In some areas the pneumatic spaces 
were separated by new bone from the 
areas of connective tissue. Bone destruc- 
tion had occurred at the periphery of 
these areas of fibrous tissue, involving 
both endochrondral and periosteal bone 
(Fig. 4). The bone destruction extend- 
ed directly to the facial nerve. The 
nerve was partially destroyed and re- 
placed with fibrous tissue. 


DISCUSSION 


This process should be distinguished 
from the process seen in pneumococcal 
petrositis in which the lumen of the 
pneumatic space contains exudate and 
the bone destruction involves mainly 
trabecular walls, with a protective fi- 
brous process at the periphery of the 
abscess formation: In this instance 
(pneumococcal petrositis), no bone de- 
struction occurs at the periphery of the 
protective fibrous walls. 


Ordinarily in pneumococcal petrositis, 
as fibrosis occurs the bone destruction 
stops, but in malignant external otitis 
the bone destruction continues in the 
areas of mature fibrosis. In pneumococ- 
cal abscess formation, the destruction 
process is central about the abscess, with 
a protective reactive fibrosis forming 
peripherally in which there is little or 
no bone destruction. Whereas, in malig- 
nant external otitis, the striking bone de- 
struction is in the peripheral fibrous tis- 
sue which extends on a broad front 
without respect to pneumatic or mar- 
row spaces, or compact bone. 


The spread of the process is facilitated 
by the pneumatic space submucosa. 
This is evidenced by the observation 
that in any major area of development, 
there is submucosal pneumatic space 
involvement. The opposite is not true, 
that is, there is never isolated marrow 
space involvement. The process is pro- 
bably dependent on vascular spread and 
although the marrow spaces are vascu- 
larly connected, the histologic evidence 
suggests that the submucosal blood sup- 


EXTERNAL OTITIS 


ply of the pneumatic space provides the 
major pathway for extension. 


It is interesting to note some differ- 
ences between the findings in this tem- 
poral bone and those identified by Melt- 
zerand Keleman.? Intheirspecimenthere 
was extensive involvement of diploic 
bone, the petrous tip was transformed 
into a large abscess, trabecular destruc- 
tion was prominent and the pneumatic 
spaces were filled with pus or in other 
areas obliterated. 


The striking thing in this temporal 
bone specimen is the lack of destruction 
of the pneumatic spaces with marked 
widespread bone distribution outside 
of the pneumatic spaces without par- 
ticular involvement of diploic bone. It 
seems that the compact bone in te 
nant external otitis is more susceptible 
than the bone of the pneumatic spaces. 
This is quite the opposite to the process 
seen in pneumococcal petrositis where 
the abscess forms by breaking down the 
pneumatic spaces with the formation of 
a protective fibrosis and new bone for- 
mation in the adjacent marrow spaces." 


The presence of a small brain abscess 
in the temporal lobe suggests that the 
otitic process had spread to the brain 
from the middle fossa surface of the 
temporal bone. At autopsy, no defect 
was detected on the temporal bone sur- 
face. On histologic evaluation of the 
apex, new bone formation had formed, 
presumably developing a new barrier to 
the middle fossa. This would suggest that 
the central spread of the infection had 
occurred early in the disease process, al- 
lowing for new bone formation to heal 
the site from which the infection had 
extended to the brain. The slow rate of 
growth in some brain abscesses ( Pseudo- 
monas) is consistent with this proposed 
mechanism.? 


There appear to be multiple potential 
routes of spread by this disease to the 
central nervous system. In this case 
spread to the perilymphatic duct and a 
partial thrombosis of sigmoid sinus had 
occurred in addition to the direct spread 
to the middle fossa. The sites to which 
the bone destruction infection spreads, 
appear to be in part predetermined by 
the distribution of the pneumatic path- 





*Foltz E: Personal communication. 
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ways. The pneumatic spàces'àre there- 
fore related to the potential sites of 
spread to the central nervous system. 
This can account for the multiple spot- . 
ty distribution of the destructive proces- `. 
ses within the temporal bone and its ad- 
jacent structures. 


The initial bone invasion within the 
external auditory canal, leading to ad- 
jacent pneumatic spaces depends on 
bone necrosis. This mechanism is depen- 
dent on vascular compromise, à process 
demonstrated histologically in specimens 


of malignant external otitis. - 


CONCLUSION 


The pathogenic process by which ma- 
lignant external otitis spreads to the. 
central nervous system is not unlike 
osteomyelitis. The histologic evidence 
suggests that the routes to the sites of 
active destruction are mainly deter- 
mined by the pneumatic pathways of the 
temporal bone. The initial invasion: of 
the external auditory canal bone i$ de- 
pendent on localized bone death as in 
osteomyelitis of other locations. Once 
reaching the vasculature of the pneu- 
matic spaces, the infective process 
spreads submucosally to sites where a 
localized nidus of bone destruction 
takes place. Unlike pneumococcal petro- 
sitis the trabecular bone in malignant 
external otitis is not particularly in- 
volved in the osteolytic process. On the 
other hand, once the nidus of osteolytic 
activity is established all bone, partic- 
ularly compact bone, is on a broad front 
destroyed. Further, the peripheral fi- 
brotic process is the area of active bone 
destruction as distinguished from the 
peripheral protective fibrotic healing 
process seen in pneumococcal petrositis.” 


A mechanism of early spread of the 
infection to the central nervous system, 
and in some patients subsequent slow 
Pseudomonas abscess formation, is sup- 
ported by the finding in this temporal 
bone specimen of an intact middle fossa 
floor presumably formed by new bone. 
One can conclude that the infection pro- 
cess had spread centrally while open to 
the adjacent dura then this source was 
walled off by the new bone formation. . 


Surgery, in those patients not respond- . 
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ing to medical. management, might 
therefore be performed using the deep- 
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er pneumatized bone as a line of resec- 
tion. 


REFERENCES 


l. Bricheteau* I: Observation d’otite in- 
terne, decarie, du. rocher, d'euchephalite et 
meningite dumétiie cote. Arch Gen Med 
(Paris) 6:517:522, 1834 

2. Meltzer PE, Keleman G: Pyocyaneous 
osteomyelitis of the temporal bone, mandible 
and zygoma. Laryngoscope 69:1300-1316, 
1959 

3. Chandler JR: Malignant external otitis. 
Laryngoscope 78:1257-1294, 1968 


4. Schuknecht HF: Pathology of the Ear. 
Cambridge, Harvard University Press, 1974 


5. Wilson DF, Pulec JL, Linthicum FH 
Jr: Malignant external otitis. Arch Otolaryn- 
gol 93:419-422, 1971 


6. Lindsay JR: Suppuration of the petrous 
pyramid. Ann Otol Rhinol Laryngol 47:3-36, 
1938 


Reprints — Robert I. Kohut, MD, Section of Otolaryngology, Bowman Gray School of 
Medicine of Wake Forest University, Winston-Salem, NC 27103. 


Ann Otol 88:1979 


COMPUTERIZED TOMOGRAPHY SCANNING ` 
OF THE TEMPORAL BONE 


WirLiAM N. Hanaree, MD 


Herman A. Jenkins, MD 





ANTHONY A. Mancuso, MD 
James Winter, MD, PHD 


Los ANGELES, CALIFORNIA 


Computerized tomography (CT) scanning has reached a degree of sophistication that re- 
quires alteration of technical factors to demonstrate different parameters of temporal bone pa- 
thology. The techniques for pontocerebellar angle display, eustachian tube, middle ear pathol- 
ogy, and overall temporal bone display are quite different. Close cooperation between the ra- 
diologist and otologic surgeon are required for optimal use of CT scanning advances. 


Continued technical improvements in 
CT scanning have expanded its role in 
temporal bone roentgen diagnosis. These 
improvements have been accomplished 
largely by selecting scan techniques that 
are specific for relatively limited density 
ranges (Fig. 1). This emphasizes the 
need for close cooperation between the 
radiologist and otologic surgeon to tai- 
lor the study to suit the patient’s clinical 
situation. 


A discussion of CT of the temporal 
bone can be divided into four parts 
based on scanning techniques which 
happen to correspond fairly well with 
the following symptom complexes: 1) 
pontocerebellar angle display for retro- 
cochlear tumors; 2) nasopharynx for 
eustachian tube dysfunctions; 3) middle 
ear and mastoid for infections and con- 
ductive hearing loss; and 4) overall sur- 
vey of the temporal bone and adjacent 
brain for miscellaneous tumors, congen- 
ital malformations, and dysplasias. 


METHODS AND MATERIALS 


The scans demonstrated were performed on 
an EMI 5005 CT scanner with a high resolu- 
tion modification. The x-ray beam width can 
be varied from 4 to 13 mm in thickness. Thick 
sections are used for study of intracranial struc- 
tures and the nasopharynx, whereas 4 mm 
sections are used for studies of the middle 
ear cavity, mastoid antrum, and inner ear struc- 
tures. Window widths must be varied to prop- 
erly identify intracranial structures and the 
nasopharyngeal soft tissues, and to help eval- 
uate the various bone-soft tissue density in- 
terfaces of the middle and inner ears. 


Contrast enhancement utilizing 300 cc of 


a 30% Renografin® solution is used in cases of >+ 


suspected acoustic neuroma or other ponto- 
cerebellar angle tumors unless iodinated con- 
trast injection is specificially contraindicated 
by allergy or other medical reasons. Contrast 
enhancement is not used routinely in the naso- 
pharynx but does give useful information con- 
cerning the location and configuration of the 
great vessels and their relationship to metas- 
tatic lymph nodes and the primary tumor ex- 
tensions. In general the identification of tumor 
margins is quite obvious without contrast en- 
hancement. Occasionally more information may 
be desired regarding the degree of vascularity 
in a tumor and this can be grossly estimated by 
CT depending on the amount of contrast en- 
hancement that occurs with intravenous (IV) 
infusion. 

For pharyngeal tumors, scans are taken at 
0.5 cm intervals using the 13 mm x-ray beam 
width which gives overlapping of adjacent 
section. Six to eight scans will usually cover 
the area from the soft palate to the base of 
the skull. Additional sections are obtained if 
the tumor is seen extending inferiorly. If there 
is a question of intracranial extension, higher 
levels are taken following IV contrast infusion. 


Similar techniques are utilized for demon- 
stration of the pontocerebellar angle and ad- 
jacent intracranial structures. Contrast en- 
hancement is used routinely because of the 
absence of a blood brain barrier in most tu- 
mors. Scans are again taken at 0.5 cm inter- 
vals with a 13 mm x-ray beam width allowing 
overlapping of sections. Any suspicious area 
and the porus acusticus should be scanned us- 
ing overlapping 4 mm x-ray beam width. 


For temporal bone pathology the 4 mm x- 
ray beam? width is used and sections are tak- 
en at 2 mm intervals allowing for overlapping 
of adjacent scans. Usually six to seven scans 
will cover the inner ear structures and middle 
ear. Our high resolution scan program allows 
for reconstruction of the mastoid bone in both 


From the Department of Radiological Sciences and the Department of Surgery, Division -of 
Head and Neck Surgery, UCLA Center for the Health Sciences, Los Angeles, California. + 


Presented at the meeting of the American Otological Society, Inc, Los Angeles, California, . 


March 31-April 1, 1979 


721 





Fig. l. Acoustic neuroma on the right. 
A) Scan of the pontocerebellar angle us- 
ing an EMI 5005 body scanner after con- 
trast infusion. The technical factors with 
this unit are programmed to provide a 
wide range of densities from air to bone 
detail. No definite tumor is visible in the 
right pontocerebellar angle (arrow). B) 
On an EMI head scanner the density 
ranges are selected more specifically for 
brain tissue. With this unit note the in- 
tracranial contents are viewed as if look- 
ing from below so that the right ponto- 
cerebellar angle is on the viewer's left. 
With contrast enhancement the acoustic 
neuroma (arrow) is clearly delineated. 


the coronal and sagittal orientations without 
additional x-ray exposure of the patient. 


Patient Dosage. Under the described con- 
ditions, the patient dose is approximately sev- 
en rads per scan. Since overlap is present the 
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peak radiation dose to the volume of tissue 
examined is 10-15 rads. This dose is approxi- 
mately half that of conventional pluridirection- 
al tomography. Further saving in patient dos- 
age is possible due to the reconstruction capa- 
bilities of the computerized scanner. Radiation 
to the lens is less because it is included in only 
a few, if any, of the temporal bone sections.** 


FINDINGS 


Pontocerebellar Angle Tumors. Com- 
puterized tomography following con- 
trast enhancement has proven highly ac- 
curate in detecting tumors greater than 
15 cm in diameter." Recent updating 
of scanners shows considerable promise 
in demonstrating tumors 1 cm or less in 
diameter providing they bulge into the 
pontocerebellar angle. The problem of 
tranverse streak artifacts between the 
very dense petrous ridges has largely 
been overcome. The occasional patient 
will still be found in whom the density 
of the tumor approaches that of the ad- 
jacent brain tissue and a tumor does not 
cause alteration in the blood brain barrier 
that can be detected by contrast infu- 
sion. These lesions still require interven- 
tion techniques by using Pantopaque® 
or metrizamide for positive contrast pos- 
terior fossa study. There is considerable 
promise with the use of CT scanning 
and small doses of water soluble metri- 
zamide injected into the subarachnoid 
space to study the pontocerebellar angle 
and the eighth nerve within the internal 
auditory canal.** 


A new technique is available to iden- 
tify the eighth nerve within the internal 
auditory canal in the absence of any in- 
jected contrast material. This involves a 
computer manipulation of the raw data 
from the CT scanner to produce edge 
enhancement. A scan is taken through 
the internal auditory canal (or any other 
desired level). This image is made dif- 
fuse or blurred by averaging the density 
of adjacent pixels in the computer. The 
initial scan and the diffused scan are 
combined in the computer in much the 
same manner as subtraction technique. 
The resultant image shows edge en- 
hancement and a broader range of den- 
sities in the desired region of viewing.’ 


A second method is to use the com- 
puter to record only sudden changes in 
density while flattening out all of the re- 
maining information being presented for 
recording. This relatively simple mathe- 
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TABLE 1. STATUS OF EUSTACHIAN 
TUBE IN NASOPHARYNGEAL 
MALIGNANCIES (N = 25) 











In- 
filtrated 
No. of Infiltrated Vi. Ps 
Patients opening muscles 
No otitis 
media ll 0 3 
Otitis 
media 14 14 12 
Total 25 


V.P. - Veli palatine. 


matical program involves using the sec- 
ond derivative of the raw data. Images 
have been recorded in cadaver studies 
that show the nerves within the internal 
auditory canal and their entire course 
through the pontocerebellar angle. The 
cadaver was deteriorating badly so that 
some air could have been present serv- 
ing to enhance contrast." The patient 
dosage for this new technique is not 
greater than any other high resolution 
scans and the computer programs are 
relatively straightforward. For the pres- 
ent, studies of the eustachian tube and 
nasopharynx require scan times that are 
too prolonged to permit a study of mo- 
tion. 


Nasopharynx and Eustachian Tube. 
Even if new scanners capable of six 
scans per second become clinically avail- 
able, the interval necessary for scanning 
may well be too long to stop action in 
the nasopharynx and eustachian tube re- 
gion. On the other hand, fast scanning 
will greatly facilitate dynamic scanning 
while the patient performs specific ma- 
neuvers to open or close the eustachian 
tubes. 


Currently available 18-second scan- 
ners produce excellent detail and allow 
appraisal of the deep structures of the 
nasopharynx. The technique comple- 
ments mirror examination or Storz 
pharyngoscope examination of the naso- 
pharynx. The fascial planes lying deep 
to the mucosa stand out clearly in CT 
scanning of the nasopharynx and a rea- 
sonably good appraisal of mucosal 
changes can be made on high detail 
studies. 


We recently reviewed our CT scans of 
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the nasopharynx to see if altered anato- 
my correlated with the occurrence of 
middle ear disease secondary to eu- 
stachian tube dysfunction. Secondly, we 
wished to see if the mechanism was 
purely obstruction, muscular dysfunc- 
tion, or both. To test the validity of our 
observations 25 consecutive CT scans 
were reviewed on patients with malig- 
nancies of the paranasal sinuses in whom 
the nasopharynx appeared - perfectly 
normal. A chart review confirmed that 
none of the normal nasopharyngeal 
group presented with ear symptoms nor 
did they have evidence of serous otitis 
media. 


Twenty-five additional patients with 
malignancies of the nasopharynx were: 
then analyzed with respect to pattern of - 
tumor growth, involvement of the 
pharyngeal opening of the eustachian 
tube, or deep involvement in the para- 
pharyngeal space near the eustachian 
tube. The charts of these patients were 
then carefully reviewed for findings of 
serous otitis media or other acute in- 
flammatory disease in the middle ear. 
Fourteen patients exhibited symptoms 
of serous otitis media or acute middle 
ear disease while 11 of the patients 
were symptom-free in the middle ear 
(Table 1). 


The patterns of growth were then cor- 
related as to origin or major bulk of the 
tumor, involvement of the eustachian 
tube ostium, and deep infiltrations 
around the region of the tensor veli 
palatine and levator veli palatine mus- 
cles. The consistent finding in the ser- 
ous otitis group was involvement of the 
ostium of the eustachian tube in all pa- 
tients. Many of the patients in both the 
serous and  nonserous otitis groups 
showed involvement of the veli palatine 
muscles; it was not 100% in the serous 
otitis group. 


The nonserous otitis group consistent- 
ly showed the eustachian tube orifice to 
be free of tumor. Usually the tumor mas- 
ses originated or were confined to the 
roof and posterior walls of the naso- 
pharynx. Several of the tumors involved 
only the most inferior portion of the 
nasopharynx along the lateral wall, 
p the eustachian tube orifice (Fig. 
9 
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Fig. 2. Nasopharyngeal carcinoma with and without serous otitis media. A) Com- 
parison of nasopharyngeal carcinoma on the right that has obliterated the eustachian 
tube orifice (Y-shaped arrow) with a normal eustachian tube orifice containing air on 
the left (cross-hatched arrow). The tumor has deeply infiltrated the pases aE 

8 


space, obliterating the fascial planes about the pterygoid muscles 


arrows). B) Same 


patient with scans performed in open mouth maneuver. With this maneuver the fossae 
of Rosenmuller open (double cross-hatched arrows) indicating pliability of the posterior 
nasopharyngeal wall. The right eustachian tube orifice changes configuration but does 
not open (Y-shaped arrow) as does the normal eustachian tube on the patient's left 
(single cross-hatched arrow). C) Another patient with a nasopharyngeal carcinoma and 
no middle ear symptoms. The tumor mass is mainly posterior and extends across the 
midline (arrows). 'The eustachian tube orifices are perfectly normal (cross-hatched ar- 


row). The bulk of the tumor mass extendec 


l inferior to the level of the eustachian tube 


orifice. D) Same patient as Fig. 2C at a higher level. The tumor mass is largely confined 
to the posterior surface of the fossa of Rosenmuller (Y-shaped arrow). The fascial planes 
of the pterygoid muscles are well preserved and there is no encroachment upon the upper 


eustachian tube orifice. 


The sine qua non of malignancies of 
the nasopharynx is deep infiltration and 
this was present in 100% of our malig- 
nant lesions. Some of the more aggres- 
sive inflammatory diseases such as mu- 
cormycosis, aspergillosis, and advanced 
malignant otitis. externa may show al- 
terations of the’ deep fascial planes of 
the parapharyngeal space. 


Middle Ear and Mastoid. Our experi- 
ence with high resolution scanning of 
the middle ear cavity and mastoid would 
seem to indicate that information re- 
garding inflammatory changes and bony 
erosions can be obtained which is quite 
comparable to high-detail pluridirec- 
tional tomography. The advantages of 
CT would seem to be as follows. 
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Fig. 3. Cholesteatoma with horizontal semicircular canal fistula. A) High resolution 
CT scan of the temporal bone with edge enhancement. The temporal bone is viewed as“ 
if looking down from the top. The external ear is to the reader's right and the. face is 
to the top of the page. B) Line drawing of Fig. 3A. Arrows indicate the level of the 
fistula of the horizontal semicircular canal. The ossicles are displaced laterally in the 
epitympanic recess and their normal alignment has been disrupted (arrowheads). The 
aditus ad antrum is also somewhat widened. (See Fig. 5 for normal configuration of the 


maleus and incus in the epitympanic recess.) 


l. The axial display of the temporal 
bone is excellent for correlation with 
temporal bone histologic sections. 


2. The relationships of the head of the 
malleus and body of the incus to the 
walls of the epitympanic recess can be 
accurately evaluated (Fig. 3). 


3. Erosions about the additus ad an- 
trum and horizontal semicircular canal 
are defined more accurately on CT than 
on pluridirectional tomography. 


4. The sinus tympani region and facial 
recesses are easily viewed by CT scan- 
ning. 


5. Radiation dose to the patient may 
be reduced by comparison to pluridirec- 
tional tomography. 


6. Computer reconstruction delineates 
the mastoid in three projections without 
additional patient exposure. 


Other uses of CT examination in tem- 
poral bone pathology will undoubtedly 
be found. On the other hand CT scan- 
ning is inferior to pluridirectional to- 
mography in several specific areas: 1) 
integrity of the incudostapedial joint;? 
2) presence or absence of a bony cover- 
ing to the entire horizontal portion of 
the facial nerve canal; 3) minor erosions 
of the scutum; and 4) precise measure- 


ment of the thickness of the tegmen of 
the epitympanic recess and mastoid an- 
trum. 


Overall Survey of the Temporal Bone. 
The day-to-day clinical problems of 
temporal bone pathology are difficult to 
categorize and might better be demon- 
strated by some clinical examples. 


Infections from the nasopharynx or 
from the external auditory canal mav 
gain access to the inferior portions of 
the temporal bone producing a devas- 
tating osteomyelitis. It may be difficult 
to determine whether a neurological de- 
ficit is due to nerve involvement in the 
parapharyngeal space or in the intra- 
cranial cavity. 


CASE REPORTS 


Case 1. A 21-year-old Caucasian fe- 
male, previously undiagnosed diabetic, 
presented in ketoacidosis and coma. Af- 
ter 24 hours she awakened with a right 
facial paralysis, diplopia, and numbness 
under the right eye. Two davs later she 
complained of decreased auditory acuity 
in the right ear and was transferred to 
UCLA Medical Center. Examination re- 
vealed a right otitis media with granula- 
tions in the external auditory canal. The 
nasopharvnx showed a necrotic, green 
ulcer with edema and granulation tissue 
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Fig. 4. Mucormycosis with osteomyelitis and sequestra formation. A) Anteroposterior 
tomogram to both temporal bones shows the inferior margin of the right temporal bone 
is poorly mineralized in the region of the carotid canal (arrow). The right middle ear 
cavity is clouded (Y-shaped arrow). Normal mineralization is present in the left tem- 
poral bone (cross-hatched arrow). B) Coronal CT scan shows soft tissue mass in the right 
parapharyngeal region (lower arrow), and an osteomyelitic sequestrum that has formed 
along the inferior surface of the right temporal bone ( Y-shaped arrow). The right middle 
ear cavity (upper arrow) is clouded by comparison to the normal left middle ear cavity 


(cross-hatched arrow ). 


and cranial nerves VI, VII and IX-XII 
were paralyzed. Computerized tomog- 
raphy scanning demonstrated temporal 
bone involvement (Fig. 4). She was 
treated with amphotericin B, and under- 
went debridement of the nasopharynx 
and removal of an osteomyelitic seques- 
trum from the temporal bone and a fun- 
gus ball from the sphenoid sinus. She 
has done well postoperatively with re- 
markable return of function. 


This case illustrates the early demon- 
stration of oesteomyelitic sequestra by 
CT scanning that was not readily ap- 
parent on pluridirectional tomography. 

. The ability to discern minor degrees of 
difference in density of bone is definitely 
a plus for CT scanning. 


Tumor involvement of the facial nerve 
or tumors that involve the petrous por- 


tion of the temporal bone and extend 
into adjacent soft tissues such as meta- 
static tumor or glomus jugulare tumors 
are ideal examples of uses of CT scan- 
ning. 

Case 2. A 64-year-old female with a 
history of chronic otitis media under: 
went radical mastoidectomy in July 1977, 
and revision procedure in January 1978. 
Six months after the latter procedure 
she developed weakness of the right side 
of her face. She began complaining of 
discomfort and occasional mucopurulent 
drainage from the right ear. Examina- 
tion revealed a mass filling the mastoid 
cavity. Biopsy showed an invasive squa- 
mous cell carcinoma (moderately dif- 
ferentiated). Audiogram showed a pro- 
found sensorineural hearing loss in the 
right ear. Polytomography performed 
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Fig. 5. Carcinoma of middle ear invading the facial nerve. A) Pluridirectional to- 
mography through the anterior cochlea and the region of the anterior genu of the facial 
nerve. Arrows indicate destruction about the region of the anterior genu of the facial 
nerve leaving a large bony defect. The erosion has partially destroyed the proximal basa 
turn of the cochlea and also a portion of the intermediate coil (Y-shaped arrow). B) 
Tomographic section taken 3 mm posterior to the previous section. The erosive process 
(arrow) extends medially toward the point of immersion of the facial nerve from the 
internal auditory canal (Y-shaped arrow). The promontory and lower half of the coch- 
lea appears weil preserved. The absence of ossicular chain and external auditory canal 
wall are related to the previous radical mastoidectomy. C) High resolution CT scan of the 
temporal bone with edge enhancement technique. The scan is oriented as if the patient 
is viewed from above. On the reader’s right is the right temporal bone and the face is 
to the top of the page. The postsurgical defect is evident laterally (arrows). This sec- 
tion is through the lower half of the cochlea and is found to be intact ( Y-shaped arrow) 
as is the horizontal semicircular canal (single cross-hatched arrow). Note on the opposite 
side the ossicular chain is seen in the epitympanic recess (double cross-hatched arrow). 
The head of the malleus appears rounded and the incus is cone shaped giving the ap- 
pearance of an ice cream cone with the head of the malleus being the ice cream. D) 
Section 3 mm above the previous section shows erosion of upper portion of the cochlea 
(arrows ). The tumor appears to cause widening of the lateral end of the internal auditory 
canal where the cochlear nerve exits to form the modiolus. 


in the Guillen and lateral projections The facial nerve and its course within 
showed destruction about the anterior the mastoid, as well as exiting from the. 
genu of the facial nerve and superior stylomastoid foramen become available 
one third of the cochlea. Computerized to scrutiny by CT scanning. In the fu- 
tomography scanning was done to better ture there may well be a place of iden- 
define the limits of the lesion (Fig. 5). —tifying the nerve within the parotid 
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gland and demonstrating extensions of 
tumors up the facial nerve into the mas- 
toid bone. 

DISCUSSION 


The need for close cooperation be- 
tween the otologic surgeon and radiolo- 
gist is emphasized by the expanded in- 
formation available from CT scanning. 
The radiologist has available to him the 
ability to survey the temporal bone or 
select specific technical factors to exam- 
ine for nerve deformities, for conduction 
defects, or for inflammatory changes 
within the temporal bone. A simple re- 
quest for examination for conductive 
hearing loss may leave the radiologist 
examining the middle ear cavity while 
ignoring eustachian tube dysfunction 
caused by nasopharyngeal tumors. 


The unique ability of CT to measure 
densities has not as yet been explored. 
The data from the scans may well dem- 
onstrate changes in calcium content in 
the otic capsule in otosclerosis. For those 
who believe in fluoride treatment, ther- 
apeutic responses can be followed. 


Density differences between fluid and 


tissue behind opaque tympanic mem- 
branes should be entirely within the 
capability of CT scanning. With slight 
improvement in edge enhancement tech- 
niques by CT scanning, the diagnosis of 
intracanalicular tumors will be available 
without invasive techniques. Accuracies 
of diagnosis remain to be seen but at 
least the problem of nonfilling of a canal 
by Pantopaque due to arachnoid adhe- 
sions or vascular loops will not present a 
problem. 
CONCLUSIONS 


1. CT scanning of the temporal bone 
requires tailoring of the examination to 
answer specific clinical questions. 


2. The new high resolution scanners 
offer considerable promise for high de- 
tail that approaches pluridirectional 
tomography in the middle ear. 


3. Nasopharyngeal examinations and 
eustachian tube physiology may well lie 
within the parameters of CT scanning. 


4. CT has already proven its worth in 
demonstrating the extensions of tumors 
to the intracranial cavity. 
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CURRENT STATUS OF MULTICHANNEL COCHLEAR PROTHESES 


F. Terry Hamprecut, MD 


BETHESDA, MARYLAND 


Multichannel cochlear prostheses are being developed and evaluated with emphasis on pro- 
viding sensory deaf individuals enough information about their acoustic environment to: permit 
communication by ordinary speech. Studies of the safety of the electrode arrays and stimulus 
values indicate that the remaining nerve fibers will not be damaged at the levels that will be 
typically used in human prostheses, but that a narrow safety range exists for suprathreshold 
stimuli. Early multichannel human implants have demonstrated that place pitch can be utilized 
with scali tympani implants, but this has not been demonstrated with modiolar electrode arrays. 
With both approaches, information about pitch can be conveyed by the frequency of stimula- 
tion, Research questions remain on the long-term viability of the eighth nerve with stimulated 
implants, on the interactions of closely spaced electrodes, on optimal methods of encoding the 
acoustic signal for multichannel nerve stimulation and on the ability of deaf individuals to uti- 


lize this information. 


At the present time there is no clin- 
ically proven treatment for deafness due 
to damaged hair cells (sensory deaf- 
ness). In the near future, the likelihood 
of the development of a method of in- 
ducing the regeneration of hair cells 
with functional connections to the den- 
drites of the eighth nerve is remote. 
However, considering the rapid advanc- 
es that have been made in our under- 
standing of the neural coding of the 
eighth nerve and the microelectronics 
revolution in which sophisticated elec- 
tronic information processing systems 
are being reduced in physical size and 
power consumption to approach the size 
and information handling capacity of 
neuronal networks, it is not surprising 
that there is considerable interest world- 
wide in developing methods of bypass- 
ing the missing hair cell transducers. 


If some eighth nerve fibers remain 
intact, it is possible to produce certain 
sensations of sound by electrically stim- 
ulating them even with complete sen- 
sory deafness. Two locations are poten- 
tial sites for cochlear prosthesis stimula- 
ting electrodes. Electrodes have been 
placed in the scali tympani** or in the 
modiolus of deaf human subjects.*? The 
scali tympani approach attempts to take 
advantage of the splaying out of nerve 
fibers along the cochlea to permit great- 
er selectivity between individual elec- 
trodes. It is limited by cochlear fluid 


shunting of stimulus current, relatively 
inaccessible fibers in the apex of the 
cochlea and tissue damage produced by 
attempting to insert an electrode array 
with limited visualization into the coiled 
cochlea. In the modiolar approach, the 
electrodes are inserted directly into the 
eighth nerve. Since this is a compact 
bundle of closely spaced nerve fibers, 
selective stimulation of small groups of 
fibers coming only from a restricted 
frequency region of the cochlea is dif- 
ficult. It is also likely that significant 
damage occurs during electrode inser- 
tion. However, the modiolar approach 
does permit access to fibers coming 
from all parts of the cochlea and mav 
prove to be the only practical approach 
in some patients whose only remaining 
nerve fibers are in the apical part of the 
cochlea. 


A current electrode array designed by 
Mr. Melvin Bartz for insertion into the 
scali tympani is shown in Figure 1. This 
design incorporates a structure that 
keeps the bipolar electrodes in close 
proximity with the nerve fibers as the 
electrode array is inserted into the coch- 
lea and utilizes a Silastic® body to dis- 
place the perilymph and thus reduce 
electrical current shunting by the fluid. 
Dr. Robin Michaelson of the University 
of California, San Francisco has insert- 
ed essentially similar 16- electrode ar- 
rays into two sensory deaf individuals. 


From the Neural Prosthesis Program, National Institute of Neurological and Communica- 
tive Disorders and Stroke, National Institutes of Health, Bethesda, Maryland. 


Presented at the meeting of the American Otological Society, Inc., Los Angeles, California, 


March 31-April 1, 1979. 
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Fig. 1. Scali tympani electrode array 
with 16 electrodes arranged in eight bi- 
polar pairs provides stimulation points 
within the cochlea corresponding with 
frequencies from 700 Hz to 8 kHz at 0.5 
octave intervals. The array is manually 
straightened for insertion through the 
round window, and it reconforms to the 
proper shape within the scali tympani 
(Photograph courtesy Auditronics Cali- 
mf Corporation, Santa Ana, Califor- 
nia). 


The electrode array illustrated in Figure 
2 is currently being evaluated by Dr. 
Blair Simmons and Dr. Robert White at 
Stanford University in two other deaf 
individuals. This four electrode array is 
inserted in the modiolus. 


The principal rehabilitation goal in 
the profoundly deaf is the establishment 
of communication through ordinary 
speech. Bilger et al? evaluated 13 sub- 
jects with typical single-channel coch- 
lear prostheses and found them to be 
lacking as aids for the auditory percep- 
tion of speech. They also found that ac- 
tivation of the prosthesis often disrupted 
a subjects postural stability, but that 
most of the subjects successfully adap- 
ted to their loss of vestibular function. 
The positive aspects included signifi- 
cantly higher scores on tests of lip 
reading and recognition of environ- 
mental sounds, as well as increased in- 
telligibility of some of the subjects 
speech. Specific test results included the 
findings that the growth of loudness 
as stimulus level is increased occurs 
onlv for low stimulus frequencies, and 
above 2000 Hz no systematic change 
in loudness occurs. Also, a typical sub- 
ject can discriminate frequency differ- 
ences quite well at 125 and 250 Hz, but 
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Fig. 2. Staggered-tip, four-electrode ar- 
ray for eighth nerve stimulation in the 
modiolus as used by Dr. Blair Simmons at 
Stanford University. 


not at all at 1000 or 2000 Hz. The eval- 
uators in this study, as well as most of 
the participants at the National Institute 
of Neurological and Communicative 
Disorders and Stroke Workshop on 
Cochlear Implants? recommended the 
development and testing of multichannel 
cochlear implants with multiple elec- 
trodes designed for stimulation of inde- 
pendent populations of auditory nerve 


fibers. 


Several major questions concerning 
the feasibility of cochlear prostheses 
have only been partially answered. For 
example, the long-term survival of audi- 
tory nerve fibers after hair cell degener- 
ation is disputed. Tests for determining 
the presence of at least some fibers 
based on placing an exploratory elec- 
trode through an incision in the tympan- 
ic membrane onto either the promon- 
tory'? or the round window? have been 
described. The latter study reported that 
sensations of noise were produced in 45 
of 47 cases of total bilateral deafness 
with a wide variety of etiologies. How- 
ever it is not clear what the definition 
of total deafness was in this study, and 
the possibility of some remaining hair 
cells cannot be excluded. No test pres- 
ently exists for determining the number 
and distribution of remaining auditory 
nerve fibers without invading the coch- 
lea. In animal studies with neomycin- 
deafened cats implanted with prototype 
scali tympani electrodes, ganglion cells 
and auditory nerve fibers were still pres- 
ent 2% years following implantation, pro- 
vided the basilar membrane and the in- 
tracochlear endosteum were not dam- 
aged." 


Even if auditory nerve fibers survive 
implantation of the electrode arrays, 
they still can be damaged by electrical 
stimulation. Stimulus levels must be 
kept below the charge density levels 
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that produce electrochemical reactions, 
such as electrode gassing.'" Merzenich 
and White" have reported that auditory 
nerve fibers have survived three weeks 
of continuous stimulation directly be- 
neath the active electrodes at stimulus 
levels required for multichannel pros- 
theses. However, a change in the con- 
nective tissue surrounding the electrode 
was found which they were of the im- 
pression was the result of stimulation. 
'The fact that some patients have contin- 
ued to experience auditory sensations 
without significant threshold changes 
after several years of stimulation with 
single-channel prostheses'? is presump- 
tive but not definitive proof that stimu- 
lation does not produce damage. Even 
local damage confined to the immediate 
region of an electrode could significantly 
affect resolution in multichannel sys- 
tems. 


Studies in animals have indicated that 
the dynamic range of stimulus intensity 
between threshold for stimulating audi- 
tory nerve fibers and maximum dis- 
charge rate is quite small (typically 10 
dB) compared with the dynamic range 
in response to acoustic stimuli when 
hair cells are intact (typically 20-40 dB 
for single fibers).1* In human studies 
with electrical stimulation of the audi- 
tory nerve, similar small dynamic ranges 
have been found between threshold for 
sensation and discomfort.*? The feasi- 
bility of using dynamic compression of 
the auditory signal during stimulus en- 
coding will depend on many factors in- 
cluding the stability of stimulus thresh- 
old and the noise in the system. 


In normal hearing, nerve fibers do 
not discharge in unison or necessarily 
discharge in response to each stimulus 
cycle, but they do tend to respond to a 
particular phase of sinusoidal acoustic 
stimuli with preferred phases distributed 
over a 360? range.'* Synchronous firing 
of many nerve fibers, as occurs with 
current single-channel cochlear pros- 
theses, results in redundancy and lim- 
ited information transfer rates. 


Another significant question current- 
ly receiving attention in the develop- 
ment of multichannel prostheses is the 
degree of selective, independent stimu- 
lation of small populations of auditory 
nerve fibers that can be achieved. Using 
a single-unit mapping technique in the 
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inferior colliculus of cats and bipolar 
stimulating electrodes in the cochlea, 
Merzenich and White’! have shown that 
they can selectively stimulate sectors of 
the auditory nerve, but that interactions 
occur between adjacent electrode pairs. 
They found that stimulation with mono- 
polar electrodes with the indifferent or 
ground electrode outside the cochlea 
produces broad spatial excitation of the 
auditory nerve and that the entire audi- 
tory nerve could be excited at stimulus 
levels 10 to 15 dB above threshold. Ed- 
dington and his colleagues’? have per- 
formed some preliminary experiments 
on the degree of interaction between 
simultaneously activated neighboring 
electrodes. They noted a significant de- 
crease in threshold in a test electrode 
when a subthreshold current pulse in 
the neighboring electrode was timed to 
overlap with the testing pulse. When 
a delay was introduced between the 
subthreshold pulse and the testing pulse, 
this effect was diminshed and: entirely 
disappeared for delays greater than 0.5 
msec. When two electrodes were stim- 
ulated with different frequencies which 
were not related by integer multiples, 
the perceived loudness was modulated 
at a frequency equal to the difference 
of the two stimulating frequencies (beat 
freauency ). Similarly, Simmons and co- 
workers!? found that simultaneous stim- 
ulation of more than one modiolar elec- 
trode causes a subjective increase in 
loudness. 


Mladejovsky et al* have tested a deaf 
individual who had five electrodes each 
about 5 mm apart in the scali tympani. 
They found that the subject could place- 
order the electrodes by subjective rela- 
tive pitch in about 862 of the trials 
when identical stimuli were presented 
in rapid succession to anv two of the 
five electrodes. They noted that the fur- 
ther apart two electrodes were, the bet- 
ter the discrimination. However, they 
did not describe the differences in sub- 
jective sensations produced. Chouard 
and MacLeod? also reported that stimuli 
presented to different electrodes in suc- 
cession produced sound sensations de- 
pendent on the location of the electrode. 
Using modiolar electrodes, Simmons? 
demonstrated that each of his electrodes 
was associated with a characteristic 
pitch and attributed differences in 
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Fig. 3. Twelve channel receiver-stim- 
ulator for implantation into the mastoid 
cavity; the US quarter is shown for size 
comparison. Implant is shown before 
package lid is hermetically sealed to the 
titanium case. (Courtesy Dr. R. L. White, 
Stanford University.) 


pitch among electrodes to differences in 
placement within the eighth nerve. How- 
ever, current and more extensive tests 
by his research team indicate that pitch 
ranking with modiolar electrodes is pos- 
sible only with single pulses or short 
trains (less than 20 msec) and that sub- 
jects have great difficulty pitch ranking 
electrodes for longer train durations.'°* 


Auditory sensations reported by deaf 
subjects during electrical stimulation of 
the auditory nerve have been described 
as buzzing, grating, clicking and ring- 
ing sounds. As the electrical stimulation 
frequency is increased up to about 500 
Hz, the subjective pitch sensation in- 
creases in frequency (periodicity pitch), 
but there is little change in pitch above 
500 Hz, and above 1000 Hz, the sub- 
jects often report the subjective sensa- 
tion as noise."° It is worth noting that 
400 to 500 impulses per second corre- 
spond with the maximum impulse fir- 
ing frequency of the individual nerve 
fibers of the eighth nerve, but that the 
apparent pitch of a 400 H; stimulus can 
be close to 2 kHz.1° 


There has been very little effort de- 
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voted to studies of optimal speech en- 
coding schemes for transferring infor- 
mation about speech through multiple 
channels because of the lack of effective 
multichannel electrode arrays. With the 
recent introduction of multichannel 
electrodes into the scali tympani* and 
directly into the eighth nerve?* of hu- 
man subjects, questions of whether or not 
human subjects can utilize such coded 
information and whether or not reason- 
able information transfer rates can be 
transmitted and perceived by the sub- 
jects will be answered. 


Assuming these experimental studies 
indicate that multichannel auditory 
prostheses are a feasible approach to the 
rehabilitation of the sensory deaf, a re- 
liable method must be available for 
transferring the electronically. encoded 
signals across the skin. At the present 
time most investigators are using per- 
cutaneous, direct connections through 
the skin as a short-term technique be- 
cause of their simplicity and flexibility 
in transferring widely different stimulus 
waveforms.*^* However, infection at the 
site of the percutaneous connector has 
been reported. Opinion is divided on 
the best long-term approach, with some 
investigators working to improve per- 
cutaneous connectors whereas others 
are developing multichannel radio-fre- 
quency telemetry systems that do not re- 
quire a permanent opening through the 
skin.?° 

A 12 channel receiver-stimulator de- 
signed by Dr. R. L. White and his as- 
sociates for implantation in the mastoid 
bone is shown before being sealed in 
Figure 3. The integrated circuits were 
custom fabricated for this application. 

It is anticipated that in the next three 
to five years a determination will be 
made as to whether multichannel coch- 
lear implants offer significant advan- 
tages over single-channel systems. The 
emphasis in this evaluation will be on 
the ability of the profoundly deaf to use 
the prosthesis to understand ordinary 
speech. 
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CHICKEN BONE IN THE LARYNX 


ALFRED L. WEBER, MD 
James H. Ketty, MD 


Boston, MASSACHUSETTS 


PATIENT 


A 24-year-old male developed a sud- 
den onset of dyspnea while eating chick- 
en. He coughed up several fragments 
of meat which relieved the dyspnea but 
the sensation of a foreign body in his 
throat remained. Several hours later, he 
again experienced dyspnea and cough- 
ing and expelled another piece of chick- 
en. The following day, he presented 
himself to the emergency ward com- 
plaining of a foreign body sensation at 
the level of the larynx. 


RADIOGRAPHS 


The lateral neck view (Fig. 1A) 
demonstrates a chicken bone within the 
larynx extending from the arytenoid area 
posterosuperiorly to the glottic area 
anteriorly and inferiorly (arrows). The 
remaining laryngeal structures are nor- 
mal. The chicken bone is again demon- 
strated within the larynx (Fig. 1B), 
slightly to the left of midline superiorly 
and in the inferior portion of the mid- 
plane (arrows). 


DIAGNOSIS 


Indirect laryngoscopy demonstrated 
a foreign body in the larynx. Direct 
laryngoscopy and bronchoscopy further 
revealed a chicken bone wedged be- 
tween the interarytenoid space and the 
anterior commissure. Following bone 
removal, a second bronchoscopy was 
performed to rule out the presence of 
additional foreign bodies. 


DISCUSSION 


Foreign bodies in the larynx are rare 
lesions. In a study on foreign bodies of 
the air passages, Holinger reports less 
than 5% of 1,029 cases presenting for- 





eign bodies in the larynx. The majority 
of air passage foreign bodies ( 88% ) 
were located in the bronchi (55% in the 
right bronchus and 33% in the left bron- 
chus). Seven percent were located in 
the trachea. Most air passage foreign 
bodies occur in pediatric age groups 
(especially between the ages of one and 
five years) with the more common ob- 
structing objects being vegetables and 
nuts, and pointed metallic objects such 
as safety pins.-* Bones and meat com- 
prise the main group of foreign bodies 
which commonly lodge in food passages. 
The majority of such lodgings occur in 
the esophagus among adult age 
groups.'? 


Generally speaking, foreign bodies 
in the air and food passages present 
common symptomatology of stridor, 
dyspnea, dysphagia, coughing and 
chronic pneumonia. It is not uncom- 
mon, especially in pediatric cases, for 
the presence of these obstructions to be 
overlooked for periods ranging from 
one month to four years. Reasons for 
misdiagnosis include the age of the pa- 
tient (as in cases where children are 
unable to communicate adequate his- 
tories and parents are not aware of for- 
eign body ingestion), the attribution of 
symptoms to other respiratory disorders 
(especially when x-ray procedures are 
not ordered or in the presence of non- 
radiopaque obstruction), or wheu the 
patient believes the foreign body has 
been expelled and the presenting com- 
plaints are diagnosed as residual irrita- 
tion. Also, selected eating habits (ie, a 
soft or liquid diet) account for asympto- 
matology in food passage obstruction.*^ 


Any suspicion of foreign body inges- 
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Fig. 


tion warrants radiologic investigation. 
The lateral neck film is a most important 
examination. Radiopaque foreign bodies 
such as bones, coins or other metallic 
objects are clearly defined. Most bones 
(such as chicken, pork, and fish bones) 
lodge in the hypopharynx. Occasionally, 
these bones may be seen in the vallecu- 
lar area. If the bone is very thin, radio- 
graphic evaluation may be difficult, par- 
ticularly if there is extensive calcifica- 
tion of the cartilaginous structures of 
the larynx. There may be associated soft 
tissue swelling as indicated by increased 
distance between the larynx and trachea 
from the cervical spine. If the foreign 
body is not clearly defined on conven- 
tional films, a barium swallow is indi- 
cated. On this study, a filling defect 


-1 
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1. 


secondary to the foreign body and ad- 
jacent edema may be seen in the 
pharynx and esophagus. A coin, metallic 
object, or a large piece of meat lodged 
in the esophagus may completely ob- 
struct the flow of barium. If a foreign 
body in the air passages is suspected, 
anteroposterior and lateral chest films 
are indicated. A foreign body in the 
bronchi may cause air-trapping of the 
involved portion of the lung with a me- 
diastinal shift on inspiration and expira- 
tion. If the obstruction in the bronchus 
becomes complete, there may be drown- 
ing of the lung or atelectasis in the re- 
spective lobe. Failure to remove a for- 
eign body may result in superimposed 
pneumonia with bronchiectasis and/or 
abscess formation. 
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COMMUNICATIONS 


Dear Editor: 


I have a few observations on otomycosis, as 
we encounter it in Alexandria. 


1. Although it is hot and humid during the 


summer only, otomycotic otitis externa is the . 


most common otologic diagnosis in any time 
of the year. Is renewal of the meatal epidermis 
slower than normal? 


2, Candida albicans is the most common 
fungus encountered in dermoepidermal frag- 
ments (dry or wet) removed from the external 
canal or mastoidectomy cavity. 


3. Most cases of otomycosis present as a 
diffuse desquamative external otitis. Many of 
these are associated with a dull, pink, scaly 
drumhead. 


4. Often, otomycosis develops into a chronic 
or recurrent infection. The more chronic cases 
may exhibit ulcerations and granulations of the 
external canal. Yet Gram-negative bacteria are 
more commonly cultured from these cases. 


5. Fairly commonly, otomycosis presents as 
myringitis without inflammation of the exter- 
nal canal. Some of these cases assume a chron- 
ic or recurrent course. The hyperemia and epi- 
dermal instability, caused by the fungus infec- 
tion, lead to proliferation and desquamation of 
the epidermis. These outrace its migratory ca- 
pacity. Keratin, therefore, accumulates, absorbs 
moisture and keeps the infection active on the 
drumhead and deep meatus. 


6. The site of predilection of “deep” oto- 
mycosis is the posterior-superior part of the 
drumhead and adjacent deep canal. Can this 
De attributed to the sluggish keratin migration 

nere! 


7. Otomycotic infection of the drumhead and 
deep canal may present as a) congestion, 
edema and desquamation, or b) granulations. 
Both may cause difficulty in diagnosis. The 
congestive form, or stage, is difficult to dif- 
ferentiate from the reaction of the nonpneu- 
matized mastoid to acute infection of the mid- 
dle ear cleft. The granular stage causes sus- 
picion of attic disease. A permanently thick 
drumhead with hearing loss may result. 


8. Otomycosis is rare in children except 
those with "glue ears." In this condition, also, 
proliferation and desquamation of the drum- 
head epidermis exceed its migratory power. 
Moist disintegrating keratin provides the suit- 
able nidus for fungal growth. 


9. Another condition in which keratin and 
fungi are associated is keratosis obturans. We 
encounter it, not infrequently; bilaterally in 
children and unilaterally in adults. Granula- 
tions extend on the drumhead and pus contains 
the mycelia and spores of fungi in the majority 


of cases. 


Ezzat F. SAAD, FRCS 
ENT Department 
The Coptic Hospital 
Mohanam Bey, Alexandria 
Egypt 


BOOK REVIEWS 


Sleep Apnea Syndromes, Volume 11, Kroc 
Foundation Series 


Edited by Christian Guilleminault and Wil- 
liam C. Dement. Hard cover, black and 
white illustrations, indexed, 372 pp, 1978. 
Alan R. Liss Inc, New York. Price 
$34.00. 


This book contains the proceedings of a 
symposium sponsored by the Kroc Foundation 
at Santa Ynez, California, in July, 1977. It pro- 
vides information by leading researchers in the 
field concerning the sleep apnea syndrome. In 
well-organized chapters, researchers discuss 1) 
the physiology of respiration during sleep, 2) 
the pathogenesis of apnea during dens states, 
3) possible neurological and hormonal causes 
of sleep apnea, and 4) therapeutic approaches 
based on our understanding of the symptoms 
and the underlying pathophysiology. 


The text is well organized, conveniently ref- 
erenced, and accurately indexed. Diagrams 
and tables are clearly reproduced in final copy. 
However, discussions following each chapter 
do not appear to add significantly to the text, 
nor are they always relevant. Although tra- 
cheostomy appears to be a major therapeutic 
arm for the sleep syndrome, little emphasis is 
given to consequences of tracheostomy on re- 
spiratory control Nevertheless, this timely 
monograph represents both a reference source 
for the researcher and a guide for the clini- 
cian. It poses questions for future research and 
suggests therapeutic possibilities for a poten- 
tially lethal syndrome, widely regarded to be 
both puzzling and intriguing. 


CLARENCE T. SAsAxr, MD 
New Haven, CT 


Endoskopie der Nasennebenhohlen 


By Wolfgang Draf. Hard cover, German 
text, color and black and white illustra- 
tions, indexed, referenced, 102 pp, 1978. 
Springer-Verlag, New York. Price $49.00. 


The problem of using endoscopy in sinus 

diseases is presented with up-to-date infor- 

mation and a detailed description. The histor- 

ical review of sinus endoscopy and the modern 

techniques are described. Special attention is 

pus to the optical equipment which seems to 
e very manageable and effective. 


The operative technique of endoscopy is 
well illustrated and the description is brief and 
very instructive. The endoscopy technique of 
each sinus is presented. Anatomical and patho- 
logical findings are well illustrated with color 
photographs and schematic drawings. The au- 
thor also presents the possibility of using en- 
doscopy for therapeutic management. 


This short monograph presents sinus endo- 
scopy clearly and concisely and is based on 
wide experience with various sinus diseases. 
The author makes a point that sinus endoscopy 
is a valuable addition to other diagnostic meth- 
ods of sinus diseases. This is a good practical 
book for the otolaryngologist. The book is writ- 
ten well and a wide literature review is uti- 
lized. 

J. BanpAcH, MD 
Iowa City, IA 
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Trevor McG, MD M. Stuart Stronc, MD 
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Fig. 1. (Case 9) Glottic web and gran- Fig. 2. (Case 9) Glottic web and gran- 
ulomas, postintubation preoperative. uloma three weeks postlaser excision. 





Fig. 3. (Case 1) Neurofibroma of right Fig. 4. (Case 3) Subglottic hemangio- 
larynx and neck preoperative. Note mass ma preoperative. 
over right true vocal cord. 





Fig. 5. (Case 3) Appearance of larynx Fig. 7. (Case 6) Anterior subglottic 
immediately after excision of subglottic cyst. 


hemangioma by CO. laser. 


ABSTRACTS FROM 
NATIONAL AND 
INTERNATIONAL JOURNALS 


Surgical Management of Penetrating 
Injuries of the Esophagus 
Defore WW Jr, Mattox KL, Hansen HA, 
et al: Am J Surg 134:734-738, 1977 


The management of 77 patients with non- 
iatrogenic injuries to the esophagus was re- 
viewed. Symptoms suggestive of esophageal 
injury were present in 25 patients while the 
diagnosis of esophageal injury was suspected 
in 85% of cases. Forty-five patients sustained 
injury to the cervical esophagus (58%) with 
a mortality of 11%, while the mortality rate for 
all esophageal injuries was 23£. The various 
operative procedures employed, including pri- 
mary repair, drainage, Thal fundoplication, 
pleural flap, and esophageal exclusion were 
discussed. 


Esophageal injuries continue to be associ- 
ated with a high morbidity and mortality, 
particularly when the diagnosis is delayed. 
Prompt surgical intervention is emphasized, 
with advancement and modification of the sur- 
gical procedure according to the location of 
the injury and the status of the patient, rather 
than adopting any standardized approach to 
the treatment of these injuries. 


J. Porcaro, MD 
NEW York, NY 


Carcinoma of the Pyriform Sinus: An 
Analysis of Treatment Results and 
Patterns of Failure 


Marks JE, Kurnik B, Powers WE, et al: 
Cancer 41:1008-1015, 1978 


This paper deals with a retrospective review 
of 169 patients with carcinoma of the pyriform 
sinus for a ten-year period from 1964 to 1974. 
Of the 169, 80 (47%) were treated with low 
dose preoperative radiation and partial laryn- 
gopharyngectomy (PLP); 57 (34%) were 
treated with radiation and total laryngectomy- 
partial pharengectomy (TLP); and 32 (19%) 
were treated with palliative radiation, surgery 
or chemotherapy. Actuarial five-year survival 
was 31% for all cases, 59% for the PLP group, 
21% for the TLP group and 4% for the pallia- 
tion group. Eighty to ninety percent of the 
relapses occurred within two years. The pri- 
mary and/or nodal failure rates were 23%, 37% 
and 78% respectively for the PLP, TLP and 
palliation groups while the distant metastasis 
rates were 15%, 37% and 34% respectively for 
the three groups. Sites of failure differed for 
the three groups with a relatively high rate of 
contralateral neck metastasis (23%) in the 
TLP group and an overwhelming number of 
primary and ipsilateral failures (78%) in the 
palliation group. Some of the advanced lesions 
(Ts and Ts) which responded locally to pre- 
operative radiation therapy were treated by 
conservation surgery (PLP) and this might 
have contributed to an increase in incidence 
of local recurrence. 


The low preoperative dose might also be re- 


sponsible for the incidence of relapses. These 
two points were noted by the authors and will 
be avoided in the future. Retreatment of fail- 
ures resulted in few salvages (15%) and a 
significant number of fatal complications 
(26%). The cause of death was tumor related 
in most cases. 


M. SAMARA 
New York, NY. 


Prolonged Apnea in Infant Monkeys 
Resulting from Stimulation of 
Superior Laryngeal Nerve 


Sutton D, Taylor EM, Lindeman RC: Pedi- 
atrics 61:519-527, 1978 


The effects of superior laryngeal nerve stim- 
ulation on respiratory and cardiovascular func- 
tion and on airway resistance was studied in 
anesthesized, premature, full-term, infant and 
adult monkeys. Weak suprathreshold stimula- 
tion resulted in progressive inhibition of ven- 
tilation. Poststimulus episodes of apnea occur- 
red with stronger stimulation in infant mon- 
keys, sometimes resulting in death. These epi- 
sodes were briefer in older infants and did not 
occur in adult monkeys. Glottal closure was 
transiently associated with the onset of superi- 
or laryngeal nerve stimulation, but the degree 
of closure diminished during the course of 
stimulation and was not present during the 
subsequent period of apnea. Specific cardio- 
vascular parameters were directly affected by 
superior laryngeal nerve stimulation indepen- 
dent of apnea or glottal closure. It is sug- 
gested that laryngeal reflexes may be an im- 
portant factor in the sudden infant death syn- 
drome. 


S. BARDES 
New York, NY. 


Experimental Work with Isoxuprine for 
Prevention of Skin Flap Necrosis and 
for Treatment of the Failing Flap 


Finseth F, Adelberg MG: Plast Reconstr 
Surg 63:94-100, 1979 


The authors based this study on the premise 
that the sustained vasodilation which results 
from relaxation of vascular smooth muscle 
would increase the capillary blood flow and 
thus prevent necrosis in areas of a skin flap 
otherwise destined to undergo necrosis. Iso- 
xuprine, a B-adrenergic receptor agonist (stim- 
ulator) was used to achieve vasodilation in 
this study. 


An experimental rat model was employed 
with the creation of a neurovasculer island 
flap of the skin of the entire abdominal wall, 
based on one inguinal neurovascular bundle. 
This flap consistently reproduces a pattern of 
necrosis across the midline. The administra- 
tion of isoxuprine intraperitoneally resulted in 
the complete survival of the flaps that other- 
wise underwent a standard pattern of necro- 
sis. The drug was effective when administered 
for two weeks before and one week after rais- 
ing the flap or when administered afterwards 
alone. 


ANDREW BLITZER, MD 
NEW York, NY 
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American Hearing Research Foundation 


presents 


Mid-Winter Symposium 
on Practical Otology 
February 9-16, 1980 


ASPEN, COLORADO-WILDWOOD INN/SNOWMASS 


Program Chairman: Jack D. Clemis, M.D. Northwestern University Medical School, Chicago, Illinois 
Director of Continuing Medical Education, American Hearing Research Foundation 


Program Co-ordinator: Robert M. Meyers, M.D. University of Illinois Medical School, Chicago, Illinois 


REGISTRATION FEE: $325/APPROVED FOR A.M.A. CREDIT-CATEGORY 1-30 HOURS 


Write: 
AMERICAN HEARING RESEARCH FOUNDATION 
Suite 2105/55 E. Washington Street/Chicago, Illinois 60602 
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THE DEPARTMENT OF OTOLARYNGOLOGY 
and 


THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF MEDICINE 
of the MOUNT SINAI SCHOOL OF MEDICINE (CUNY) 


Announce a Postgraduate Course 
CONTROVERSIES IN HEAD AND NECK SURGERY 
Under the Direction of 
FRANK E. LUCENTE, MD 


Mount Sinai School of Medicine Faculty 


Hugh F. Biller, MD, Stanley M. Blaugrund, MD, William Lawson, MD, DDS, 
Max L. Som, MD, Peter M. Som, MD 


Guest Faculty 
John J. Conley, MD, Richard H. Jesse, MD, Thomas J. Krizek, MD, 
Brian F. McCabe, MD, Elliot W. Strong, MD 
May 22-23, 1980 
Thursday and Friday, 8:30 AM - 5:15 PM (2 Sessions) 
This course will focus on areas of controversy in the management of patients with diseases of 
the head and neck. The faculty includes specialists in otolaryngology, general surgery and plas- 
tic surgery, all of whom have extensive experience in head and neck surgery. Format will in- 
clude lectures, panel discussions, problem case presentations and question-and-answer periods. 
FEE: $225. including lunch. Residents: $125. including lunch. 

This course will be given at the Mount Sinai Medical Center, New York City, NY. 

APPLY TO: Director, The Page and William Black Post-Graduate School of Medicine, 
Mount Sinai School of Medicine, One Gustave L. Levy Place, New York, NY 10029. Tel: (212) 
650-6737. 
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ACADEMIC POSITION AVAILABLE FIFTEENTH ANNUAL 


(Full or part time) OTOLOGIC SURGERY COURSE 
seine s Ere i January 14-18, 1980 
SCHOOL OF MEDICINE at the 
THE CHILDREN'S 
MERCY HOSPITAL EAR RESEARCH INSTITUTE 
(Section of Otorhinolaryngology ) 956 South Lake Street 
Full or part time junior faculty staff Los Angeles, California 


member position available January 1, 
1980 for an individual with special in- 
terest in pediatric otorhinolaryngology. 


Board eligible or certified individual In Cooperation With 


would participate in instruction at Uni- Otologic Medical Group, Inc. 
versity of Missouri-Kansas City School St. Vincent Medical Center 
of Medicine, and have clinical duties at Üniversitv of Southern California 


The Children's Mercy Hospital, the pri- 

mary teaching hospital for pediatrics. 

Research would be encouraged. Oppor- 

tunity for private practice available. 40 Hours AMA Group A Credit 
Submit application: Basharat Jazbi, 

MD, Professor and Chief, Otorhino- 

laryngology, University of Missouri- 


Kansas City School of Medicine, 2411 For Information Write: 
Holmes, Kansas City, MO 64108. Tel. Frederick H. Linthicum, Jr., M.D. 
(816) 471-0626, ext. 440. Director of Education 
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THE FOURTH ANNUAL MICROVASCULAR WORKSHOP 


Pittsburgh, Pennsylvania 
November 12 - 16, 1979 


Five day workshop is being offered in microvascular surgery with special empha- 
sis being placed on a clinical case in the operating theatre, showing operating 
room set up and organization. There will be individualized laboratory instruction 
given on small laboratory animals, as well as didactic lecture sessions, including 
slides and tapes. 


Course will be open to all surgical disciplines and will provide forty hours of con- 
tinuing education credits. In order to give the individualized instruction that is 
necessary the course is being limited to fifteen participants. 


FACULTY 
SEBASTIAN ARENA, MD, Pittsburgh, Pennsylvania, COURSE DIRECTOR. 
SUN LEE, MD, San Diego, California. 


EUGENE GOERTZEN, MD, Seattle, Washington. 
ELIAS HILAL, MD, Pittsburgh, Pennsylvania. 


For further information contact: Beverly S. Craig, RN, BS, Clinical Coordinator, 
Division of Otolaryngology, Mercy Health Center, Room 319, Pride and Locust 
Streets, Pittsburgh, PA 15219. Tel: (412) 232-7794. 
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University of 
HAWAII 
Postgraduate Course 


in 
CLINICAL ALLERGY 
February 16-23, 1980 


Inhalant Serial Dilution Titration 
Technique and Food Allergy Diagnosis 
and Treatment — a Basic Course 


Approved Hour for Hour 
AMA Category I CME 


MAUI SURF HOTEL 
KAANAPALI BEACH 
MAUI, HAWAII 


Pre-Registration 


James W. Willoughby, MD 
Suite 1505, Traders Bank Building 
1125 Grand Avenue 
Kansas City, MO 64106 


Telephone 816-842-6262 


EAR RESEARCH INSTITUTE 
announces two-week 
TEMPORAL BONE SURGICAL 
DISSECTION COURSE 
presented annually 
March, April, June and October 
Will demonstrate the multiple approaches to 
the structures of the temporal bone as current- 
ly used by members of the Otologic Medical 

Group, Inc. 

Each day course members spend four hours in 
dissection laboratory and four hours observing 
live color telecasts of surgery which correlates 
with the dissection of the day. Evenings are 
devoted to lectures illustrated by slides and 
motion picture demonstrations. Videotapes in 
color from the Institute's Otologic Seminar 
Library are available for study by course par- 
ticipants. 

Twenty-four board certified or board eligible 
otolaryngologists and residents will be ac- 
cepted in each course. Advance registrations 
for courses in 1980 and 1981 are now being 
accepted. 

Tuition Fee: Otolaryngologists — $1200. U. S. 
currency. Residents — $900. U. S. currency. 
Applications of residents must be accompanied 
by a letter from their Chief of Service. 

For further information address communica- 
tions to: Antonio De La Cruz, MD, Director, 
Temporal Bone Surgical Dissection Course, 
Ear Research Institute, 256 Lake Street, Los 
Angeles, CA 90057. 
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Manhattan Eye, Ear and Throat Hospital 
affiliated with Cornell University Medical College 
offers a course in 
TYMPANOPLASTY 


A five-day course in Tympanoplasty will be given under 
the direction of Adolph Wolferman, M.D. and Cecil D. 
Grimes, Jr., M.D. at the Manhattan Eye, Ear and Throat 
Hospital from November 12 to 16, 1979, and is limited to 
8 participants. 


Participants will observe various tympanoplastic proce- 
dures in the operating room and dissect temporal bones 
in the laboratory under the direction of the Attending 
Staff. Lectures will be illustrated with slides and film. 


Tuition is $600.00 


An organization accredited for Continuing Medical Edu- 
cation, the Manhattan Eye, Ear and Throat Hospital certi- 
fies that this Continuing Medical Education activity meets 
the criteria for 35 hours in Category | of the Physician's 
Recognition Award of the American Medical Associa- 
tion. This program is also acceptable for 35 prescribed 
hours by the American Academy of Family Practice. 


For application forms and further information, contact: 
Cecil D. Grimes, Jr., M.D., Department of Otolaryngology, 
Manhattan Eye, Ear and Throat Hospital, 210 East 64th 
St., New York, N.Y. 10021, Phone 212-838-9200. 


AUDITORY EVOKED POTENTIALS 


Workshop in practical clinical applica- 
tions of Electrocochleography and Brain- 
stem Audiometry 
Sponsored by 
THE METHODIST HOSPITAL and the 
INSTITUTES OF 
OTORHINOLARYNGOLOGY and 
COMMUNICATIVE DISORDERS, and 
NEUROLOGY, THE NEUROSENSORY 
CENTER OF HOUSTON 
November 3-5, 1979 

This three-day course is designed to familiarize 
the physician and audiologist with clinical ap- 
plications of the "early" auditory evoked po- 
tentials. Background information on the “mid- 
dle" and "late" potentials and on cochlear po- 
tentials is also included. Course relies heavily 
on tutorials and workshops to familiarize the 
participant with instrument operation, response 
measurement and interpretation of test results. 
Course syllabus will be distributed to each 
participant prior to enrollment. 

Course Instructors: Alfred C. Coats, MD, 
James F. Jerger, PhD and Staff 
Tuition: $325. Enrollment limited. 
Address inquiries to: Alfred C. Coats, 
MD, Cochlear Function Laboratory, 
The Neurosensory Center of Houston, 
6516 Bertner Avenue, Houston, TX 

77030. 





WINTER MEETING — 1980 
March 2-8, 1980 


MONT TREMBLANT LODGE 
Quebec, Canada 


Cosponsors 


DEPARTMENTS OF OTOLARYNGOLOGY 
UNIVERSITY OF TORONTO 


and 
UNIVERSITY OF PITTSBURGH 


Mont Tremblant Lodge is an unique French Canadian "village" resort 80 miles 
north of Montreal (40 miles north of Montreal’s Mirable Airport). 


The distinguished faculty will cover a wide range of topics during the early morn- 
ing and late afternoon sessions. Registrant participation is encouraged. 


Enrollment limited to: 120 
Registration fee: $225 (Canadian) 


Resident registration: $185 — with letter of recommendation 
from departmental chief 


AMA Category I — 18 hours 


For further information: William S. Crysdale, MD, 555 University Avenue, Suite 
6118, Toronto, Canada M5G 1X8. 
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SIXTH ANNUAL ENG COURSE 
Sponsored by 


TULANE UNIVERSITY SCHOOL OF MEDICINE 


Department of Otolaryngology 
and 
Office of Continuing Education 


1430 Tulane Avenue 
New Orleans, LA 70112 


November 29 - December 1, 1979 
FEE: $300 


Directed by: Charles H. Norris, PhD, Tulane University School of Medicine 


Visiting Professor: Hugh O. Barber, MD, University of Toronto 


For information write: Harold G. Tabb, MD, Professor and Chairman, 1430 
Tulane Ave., New Orleans, LA 70112. 
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OTOLARYNGOLOGISTS 


SOUTHERN CALIFORNIA 
PERMANENTE 
MEDICAL GROUP 


Boanp ELIGIBLE OR CERTIFIED 
CALIFORNIA. LICENSED 


To associate with a large and well-estab- 
lished multispecialty group. Excellent 
salary and benefits which include con- 
tinuing educational program, paid mal- 
practice, retirement plan, medical and 
dental coverage, life insurance. Partner- 
ship available after two years. 


Write and send C.V. to James D. 
Roorda, MD, 4747 Sunset Blvd., No. IJ, 
Los Angeles, CA 90027. 


AN EQUAL OPPORTUNITY EMPLOYER. 


Q 


UNIVERSITY OF LOUISVILLE 
Division of Otolaryngology 


has an opening 


ASSISTANT-ASSOCIATE 
PROFESSOR level 


Applicants must have completed an ap- 
proved residency program in otolaryn- 
gology and be board-eligible or certified 
in same. 


Strong academic background with com- 
mitment to teaching and research is req- 
uisite. 


Additional information available upon 
request. Write: Gordon T. McMurry, 
MD, Director, Division of Otolaryngol- 
ogy, Department of Surgery, University 
of Louisville Health Sciences Center, 
Box 35260, Louisville, KY 40232. 


An Affirmative Action/Equal 
Opportunity Employer 
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ELECTRIC 
RESPONSE 
AUDIOMETRY 





TA-1000 


ERA is simple, convenient to 
use, and readily fits into your 
diagnostic procedures. The 
microprocessor-based TA-1000 
is a highly sophisticated 
instrument for early response 
testing. Four knobs and nine 
push buttons control all test 
parameters. 


FEATURES: 


e BSER and ECochG testing 
* Logon stimulus of 2k, 4k and 
6k Hz 


* Totally isolated preamplifier 


* Air and bone testing 
capabilities with masking 


* Internal oscilloscope and 
plotter 


* Digital latency readout 


Write for information on ERA schools 
and complete specifications. 


^4* TELEDYNE 
AVIONICS 


PO Box 6400 
Charlottesville VA 29QNK 











if middle ear diagnosis 
is your problem 





Amplaid offers you Amplaid instruments 

a complete line are calibrated 

of immittance meters according to your 

designed to meet needs. You have only 

any specific to choose; 

requirement: from we guarantee the 

simple, inexpensive highest quality and 

model 704 the most advanced 

up to the advanced expertise. 

clinical model 702, - ett 
combining absolute For more information, E 
and expanded contact us at: 


"Tin SEEK mal AMPLAID USA Inc., 
tympanometry, ipsi 545 West Golf Rd., 


Fee amel iir opis te | amplae 
we have all the right answers 





Training in surgery for sinus disease and allied problems including allergy. Special attention will 
be paid to intranasal as well as external procedures. 
ethmoidectomy, antrostomy and the role of allergy in rhinology. Fresh cadaver material is used 
extensively for instruction. Discussion concerning intranasal and sinus disease and the indications 
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THE DEPARTMENT OF OTOLARYNGOLOGY 
and 


THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF MEDICINE 
of the MOUNT SINAI SCHOOL OF MEDICINE (CUNY) 


Announce a Postgraduate Course 


SURGERY OF THE PARANASAL SINUSES 


Under the Direction of 


JOSEPH L. GOLDMAN, MD 
STANLEY M. BLAUGRUND, MD, WILLIAM LAWSON, MD, DDS 


With Guest Lecturers: 
Russell I. Williams, MD, Cheyenne, WY; Donald J. Nalebuff, MD, Teaneck, NJ; 
Karl M. Morgenstein, MD, Miami, FL; William H. Friedman, MD, St. Louis, MO 


December 3-7, 1979 
Monday through Friday, 8:30 AM - 5:30 PM (5 Sessions) 


for therapy will be held. 


APPLY TO: Director, The Page and William Black Post-Graduate School of Medicine, Mount 
Sinai School of Medicine, One Gustave L. Levy Place, New York, NY 10029, Tel: (212) 


FEE: $600 


This course will be given at the Mount Sinai Medical Center, New York City, NY. 


650-6737. 
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This course emphasizes intranasal spheno- 
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NICOLET 
A-1000... . ! 


for evoked response measurements in situations where the use of 
conventional behavioral audiometry is not practical. 
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Evoked response measurement protocols are especially useful for patients who are unable to accurately 
describe their sensory experiences because they are infants, retarded, comatose, suffer neurological disor- 
ders or are normal, but anxious. 

Auditory evoked response measurements involve the use of click or tone burst stimuli ( at various intensities, 
rates, durations and frequencies) which are used to noninvasively record electrical activity along the auditory 
pathway. 


Some typical applications include: 


m Brainstem auditory evoked responses using click stimuli for hearing evaluations, to 
determine conductive versus sensorineural hearing loss and to localize acoustic tu- 
mors, demyelinating disorders and vascular lesions. 


= Middle or late latency components measurements using tone burst stimuli to check 
specific cortical responses over a wide range of frequencies. 


m Electrocochleography using click or tone burst stimuli to evaluate conductive hearing 
loss. 


The result of an auditory evoked response measurement is a precise waveform where the elements of interest 
are the amplitude, latency and morphology under known stimulus conditions giving the clinician a valuable 
tool for diagnosing hearing problems. 

The CA-1000 is a complete portable system including stimulus generators, acoustically shielded headphones, 
recording electrodes, preamplifier, signal averaging computer with built-in oscilloscope display including ac- 
curate numerical readout of latency and amplitude, recorder for permanent records and a convenient equip- 
ment cart. 


NICOLET 


For complete details on the CA-1000 system or to arrange = INSTRUMENT 


a demonstration please phone or write Nicolet. CORPORATION 


5225 Verona Road 
Madison, Wisconsin 53711 
Telephone: 608/271-3333 
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INTRODUCTION 


RoserT J. Rusen, MD 


Bronx, New YORK 


Davin G. Hanson, MD 


Los ANGELES, CALIFORNIA 


Health care professionals who deal 
with children are familiar with the pic- 
ture of the child who has required fre- 
quent treatment for middle ear disease. 
Typically, concerned parents present 
with their boy or girl who seems inat- 
tentive at home and at school. The child 
may have been treated almost contin- 
uously with antibiotics and decongest- 
ants for middle ear problems with no 
real improvement. 


Finally after failure of medical treat- 
ment, the decision is made to have venti- 
lation tubes placed. Very often the par- 
ents and teachers comment afterwards 
on the remarkable improvements in the 
child’s attitude and performance at home 
and at school. An audiogram confirms 
that hearing loss returned to normal, yet 
it is difficult to imagine that a relatively 
small degree of hearing loss could make 
such a difference. Anecdotal experi- 
ences similar to this are not uncommon. 
Many clinicians have expressed their 
opinions that there should be greater 
concern about temporary and mild hear- 
ing losses in young children. 


How much hearing loss, and for how 
long, is tolerable in the young child? 
Are there significant, lasting effects from 
temporary hearing loss? What are the 
consequences for the child who has un- 
identified and untreated hearing loss for 
many months? These are not new ques- 
tions. There are reports in the literature 
that claim to demonstrate that there are 
long-term measurable sequelae in cer- 
tain parameters tested in children with 
histories of chronic or recurrent middle 
ear problems. Yet for the most part, 
clinicians have tended to dismiss mild 
conductive hearing loss as relatively tol- 
erable for considerable lengths of time. 
These opinions are often reflected in 
long periods of ineffective medical treat- 
ment and/or observation. 


The significance of conductive hear- 
ing loss in the developing child is not 
known. It is well established that se- 
vere hearing loss in the child or adult 
usually is associated with aberrant 


speech, linguistic, and cognitive devel- 
opment. Some of these, sequelae can be 
partially overcome by early intensive 
special education efforts. Anatomical ab- 
normalities have been described in the 
central auditory nuclei of profoundly 
deaf patients. It is not known how such 
anatomical findings relate to the func; 
tion of the central nervous system in 
deaf patients. vf! 


A body of data is developing whieh 
indicates that with expérimental loss"of 
inner ear structures or with auditory 
stimulus deprivation in developing birds 
and rodents, there ase anatomical ab- 
normalities found in the auditory nuclei 
which may be the structural basis for 
observed behavioral abnormalities. Such 
findings should not be surprising, as 
similar effects on central brain stem nu- 
clei have been noted with deprivation of 
the visual system. 


There are several studies worth noting 
with regard to auditory deprivation, yet 
this is a relatively new area of interest. 
Levi-Montalcini! first demonstrated the 
effect of early removal of the chick 
otocyst on the developing chick brain. 
Parks and Rubel? confirmed and further 
extended the original observations of 
Levi-Montalcini. The abnormal develop- 
ment of the auditory nuclei that results 
is probably due to both anatomical and 
biochemical factors. Webster and Web- 
ster! have indicated that anatomical 
abnormality of the inner ear is not 
requisite to normal development of cen- 
tral auditory nuclei. They have des- 
cribed a measurable decrease in both the 
size and number of cells in the auditory 
nuclei of mice who were deprived of 
auditory stimulation during early devel- 
opment. The changes described by Web- 
ster and Webster appeared to be perm- 
anent when auditory deprivation was 
continued through puberty in the 
mouse. 


Two studies by Silverman and Clop- 
ton*> revealed that in ears in which one 
of the external auditory meati was closed 
shortly after birth and then opened at 
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3-5 months of age, there is a loss of bin- 
aural inhibition at the level of the in- 
ferior colliculus. This loss of binaural 
inhibition is thought to be related to the 
conductive hearing loss produced. Silver- 
man and Clopton propose that there 
may be a critica] time period in the cen- 
tral auditory. development of the rat 
which appears tobe between 10 and 60 
days after birth. Such animal studies 
have led to some reevaluation of the sig- 
nificance of temporary hearing loss in 
the developing child. 


The following papers were presented 
at a small workshop sponsored by the 
Communicative Disorders Program of 


** the National, Institute of Neurological 


and Communicative Disorders and 
Stroke (NINCDS). The workshop was 
conceived by the editors of these pro- 
ceedings at the request of the NINCDS 
for advice on the need and design fac- 
tors requisite for research on the impact 
of recurrent and chronic middle ear dis- 
ease. The participants were chosen for 
their expertise in particular, relevant 
disciplines as well as for their critical 
and skeptical approach to the subject at 
hand. The papers presented were re- 
quested as foci for orientation and dis- 
cussion of relevant research techniques 
in varied professional fields. Thorough 
understanding of the relative constraints 
of available research techniques in the 
disciplines of pediatric otology, speech 
pathology, linguistics, audiology, psy- 
chology and ethics is perhaps an im- 
possible goal. We feel that the papers 
and discussion summary which follow 
may be useful to those who are interest- 
ed in any one of these areas. 


Recurrent middle ear disease is a ma- 
jor problem nationally in terms of the 
number of children affected and in 
terms of economic costs. There is not at 
present an adequate understanding of 


etiology, pathophysiology, effective 
treatment, or predicted sequelae of 
middle ear disease. To assess these ques- 
tions adequately will require well-de- 
signed clinical research. It was the pur- 
pose of this workshop to identify and 
evaluate work that has been done and 
that needs to be pursued. Furthermore, 
we hoped to point out some of the fac- 
tors that must be considered in the de- 
sign of such research. There must, as 
well, be concern with ethics in the de- 
sign of any clinical study that approach- 
es this topic. If there is a body of data 
which indicates that there may be some 
efficacy, in terms of optimization of 
auditory function, speech, language, and 
cognition from aggressive treatment of 
middle ear disease, can such treatment 
be withheld in a research design? Con- 
versely, if there is no demonstrable ef- 
fect of intervention, should such treat- 
ment be carried out in large numbers of 
individuals? Today there are many pa- 
tients who are undergoing intervention 
for middle ear effusion with no well- 
controlled assessment of the therapeutic 
modalities. A chapter on some of the 
ethical factors important to clinical re- 
search is included. We hope that the 
reader will find the following chapters 
provocative as well as informative. 


The size of the workshop on otitis 
media and development was limited by 
available funds and by the size of a 
group which can effectively interact in 
discussion. However, it is hoped that by 
publication of these proceedings, others 
who may be equally interested and qual- 
ified will be stimulated to think critical- 
ly and creatively about research that 
may provide better understanding of 
chronic ear disease, hearing loss, and the 
role of the compromised auditory sys- 
tem in affecting the development of the 
child. 
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CONDUCTIVE HEARING LOSS 
EFFECTS ON CHILDREN'S LANGUAGE AND SCHOLASTIC SKILLS 


A REVIEW OF THE LITERATURE 


IsaBELLE Rapin, MD d 


Bronx, NEw York 


A review of available studies investigating the consequences of conductive hearing loss for 


language acquisition 


and scholastic performance was carried out. It uncovered 
met the standards of rigor needed to provide a definitive answer to this question, 
burden of the evidence is that a persistent mild hearing loss, 


no study that 
although the 
especially if present since infancy, 


probably has a measurably deleterious effect on the language of most but not all children. Di- 
agnostic criteria documenting the severity, age of occurrence and duration of middle ear effu- 


sions were lacking. Measures of the 


detrimental effects of conductive losses on linguistic skills 


frequently were limited to the number of grades children were retained in school, their esr. 
or vocabulary level on achievement tests, or a comparison of their scores on the verbal an 


performance scales of intelligence tests. Very 
in affected children or examined its structure. 


few studies followed the acquisition of language 
Very few considered the interaction between the 


socioeconomic and cultural environment of the child and the consequences of-his hearing loss. 
The review underscored the need for prospective multidisciplinary studies in order to evaluate 
the actual impact of this common pediatric problem. 


Conductive hearing loss resulting 
from middle ear effusion is a common 
problem of childhood.** In many chil- 
dren eustachin tube dysfunction is inter- 
mittent and effusions come and go, but 
in others they persist for many months. 
Middle ear infections and effusions are 
more common in preschoolers, at the 
time of language acquisition, than in 
older children. Impaired hearing jeop- 
ardizes auditory discrimination and 
phonemic analysis and thus the decoding 
of speech. One can anticipate that its 
effect will be especially detrimental in 
children already at risk for delayed lin- 
guistic development because of mental 
retardation, brain damage, or an inade- 
quate exposure to language. Among the 
many children who reach school age 
with inadequate verbal skills and will, 
as a result, be at high risk for learning 
disability, how many were earlier vic- 
tims of secretory otitis media? 


This question is a difficult one to 
answer because by school age the child 
may no longer have fluid in his ears. 
Middle ear effusions tend to remain un- 
diagnosed since affected children may 
offer few complaints unless the middle 
ear becomes infected. Mild hearing loss- 
es are often overlooked in the very 


young because the measurement of 
auditory threshold lacks precision and 
behavioral audiograms are often unre- 
liable.’ In any case, it is impractical to 
carry out behavioral audiometry in 
every young child and do so repeatedly. 


Tympanometry represents a signifi- 
cant advance since it provides a non- 
invasive method for detecting eustachian 
tube dysfunction and middle ear effu- 
sion. Its ready availability, rapidity and 
ease of use make tympanometry a real- 
istic and sensitive screening method for 
secretory otitis media. Prospective stu- 
dies with frequent tympanometric 
checks and selective audiometry can 
now be carried out. These studies should 
provide answers as to the prévalence of 
middle ear effusions, their natural his- 
tory and functional significance for 
language acquisition and school per- 
formance. My review of the. literature 
indicates that, with a few exceptions, 
firm prospective data on these points 
have yet to be collected. 


There are far fewer studies of hear- 
ing-impaired children than of deaf chil- 
dren. Most studies involved relatively 
small numbers of children, most were 
cross-sectional rather than longitudinal 
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and were concerned with school-age 
children rather than with preschoolers. 
Research addressing the consequences 
of secretory otitis media exclusively was 
particularly sparse. Studies of children 
with mild or moderate sensorineural 
hearing losses provide information ap- 
plicable, in part; to children with con- 
ductive hearing losses. Such studies are 
not completely applicable because sen- 
sorineural hearing loss is persistent and 
likely to be more severe than conductive 
hearing loss. 


EFFECTS OF MIDDLE EAR EFFUSION 
ON LANGUAGE ACQUISITION 


With the exception of the study by 
Needleman,* I did not come across any 
paper describing language acquisition in 
preschool children with middle ear ef- 
fusions. This dearth of information 
stems in part from the fact that middle 
ear effusion was difficult to diagnose in 
preschoolers before the advent of tym- 
panometry. I suspect, however, that the 
effects of serous otitis media have not 
been deemed serious enough to com- 
mand investigation. Most of the studies 
that were cross-sectional studies were 
very difficult to compare because they 
were on a small number of children and 
most were done by one person with a 
few colleagues from one particular field. 
For instance, a study done by an audi- 
ologist would tell us about the hearing 
levels and speech discrimination. A psy- 
chologist would tell us about the verbal 
IQs, but would be a little weak on the 
 audiology .part of the paper. Perhaps 
none of these would tell us about the 
otolaryngological aspects of these chil- 
dren, so that history of a fluctuating 
hearing loss in the past may be the extent 
of background information. Hardy et al’ 
and Owrid* point out that the spontane- 
ous speech of school-age children with 
small hearing losses does not attract at- 
tention because their articulation, unlike 
that of children with high tone losses or 
more severely impaired hearing, is us- 
ually adéquate, and because their syn- 
tax tends not to be deviant. It is only 
when formal studies are undertaken that 
significant delay in vocabulary and the 
mastery of complex syntactic forms be- 
comes evident.^?!^ Because it is so dif- 
ficult to measure threshold of hearing 
precisely with behavioral audiometry in 
very young children, the question of 


whether conductive hearing losses of 
less than 25 dB impair language de- 
velopment, as suggested by Kaplan et 
al," will not be easy to answer. We also 
need to confirm the suspected deleteri- 
ous interaction between middle ear ef- 
fusion and unfavorable linguistic cir- 
cumstances such as a nonstimulating or 
bilingual environment. 


LANGUAGE SKILLS OF HARD OF 
HEARING CHILDREN 

Since simply listening to a hearing- 
impaired child's spontaneous speech will 
underestimate his deficits, formal stu- 
dies of comprehension as well as expres- 
sion are required with quantitative mea- 
sures of speech discrimination, vocab- 
ulary, syntax, and semantic sophistica- 
tion. 


Goetsinger et al^ matched each of 
20 children with sensorineural hearing 
losses averaging 38 dB against a hearing 
classmate. Ages ranged from 9X to 16X 
years (mean 12.4 years). The hearing- 
impaired were inferior to controls for 
auditory discrimination and speech artic- 
ulation but surprisingly, scores for these 
two skills were not correlated, Both 
groups had equal reading skills, a find- 
ing at variance with many other investi- 
gations to be reviewed later. The hear- 
ing-impaired were better at lip reading 
than the normal children. These hearing- 
impaired adolescents differ from a larg- 
er sample of congenitally deaf students 
who did not lip-read any better than 
normal students masked by white 
noise.'? One must have a working knowl- 
edge of oral speech to become a profi- 
cient lip reader, which is the case of the 
hearing-impaired but much less often 
the case of the congenitally deaf. Im- 
proving a hearing-impaired child's lip 
reading skills will improve his compre- 
hension of speech and may be reflected 
in higher scholastic achievement.'* Many 
hearing-impaired school-age children 
have deficient comprehension of speech 
and a limited vocabulary.!5 


Hardy et al’ carried out one of the 
first. detailed studies of language in 
hearing-impaired children. Their sample 
consisted of 20 children between the 
ages of 6 and 15 years. Hearing loss 
ranged between 27 and 55 dB (mean 
hearing level in the speech frequencies) 
with mean of 42 dB. They were com- 
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pared to 20 children of staff and faculty 
with normal hearing (one can quibble 
with this control group who might be 
suspected of coming from families with 
a higher intellectual and educational 
level than the patient sample). The 
children were tested with the Stanford- 
Binet, Grace Arthur Point Scale (a non- 
verbal test of intelligence), and under- 
went detailed audiometric tests includ- 
ing speech discrimination with and with- 
out hearing aids. Children were scored 
for vocabulary and reading levels and 
their ability to repeat sentences, and 
samples of their spontaneous speech 
were recorded for later analysis. 


IQ scores for both the experimental 
and control groups fell within the nor- 
malrange, but children with normal hear- 
ing scored 13 points higher on the Arthur 
and 21 points higher on the Stanford- 
Binet than hearing-impaired children. 
Normal-hearing children also scored 
higher in vocabulary, reading, syntax, 
and speech intelligibility than the hear- 
ing-impaired. The authors found that 
the scores for vocabulary and sentence 
intelligibility of the hearing-impaired 
correlated with intelligence score which 
was not true for the normal children. 
They noted that the hearing-impaired 
were functioning largely within normal 
limits, not only with regard to their in- 
telligence, but with regard to the range 
of their linguistic skills. The conclusion 
to be drawn from this study is that al- 
though the hearing-impaired are disad- 
vantaged compared to normals, their de- 
ficits are likely to be subtle and require 
careful testing to bring them out. I wish 
to stress that this study should not be 
construed as indicating that subtle de- 
ficits are not significant. Hearing-im- 
paired children speak, and may speak 
well, but the scholastic studies to be 
described indicate that subtle linguistic 
deficits may lead to less subtle scholastic 
deficiencies. 


Brannon and Murry? analyzed the 
syntax in spontaneous speech of hear- 
ing-impaired children. Fifteen children 
whose pure tone average ranged from 
27-66 dB were compared with 15 chil- 
dren whose hearing losses exceeded 75 
dB and with 30 normal children. The 
authors recorded 50 sentences from each 
child who was asked to describe 14 col- 


ored pictures with action scenes. The 
corpus was then scored for total number 
of words, number of words per sentence, 
and for various types of phonologic and 
syntactie errors. The hearing-impaired 
children were as productive as the nor- 
mals in terms of the number of words per 
sentence but scored. lower in measures 
of structural accuracy. As one would 
expect, the scores of the hearing-im- 
paired were intermediate between those 
of normal children and those of deaf 
children in terms of total error score, 
syntax score, and length of sentence. The 
hearing-impaired were more likely than 
normal children to’ produce’ simple de- 
clarative sentences typical of chrono- 
logically younger children. i 


Wilcox and Tobin” criticized the stu- 
dies of Hardy et al* and Brannon and 
Murry? for being descriptive rather than 
concerned with underlying "deep" syn- 
tactic skills. Using a sentence repetition 
paradigm, children were asked to repeat 
recorded sets of six sentences of equal 
length (7--1 syllable) but differing in 
the complexity of verb forms (ie, pres- 
ent active, present progressive, past, fu- 
ture, passive, and negative passive). 
They tested 11 congenitally hearing-im- 
paired students (mean hearing loss 61 
dB) enrolled in special public school 
classes and presented stimuli 30 dB 
above each student's aided speech re- 
ception threshold. The children ranged 
in age from 8 years 10 months to 11 
vears 8 months and their IQ from 87 to. 
147. Children with normal hearing - 
matched for age and sex and attending 
the same school were used as controls. 
Their IQs were not measured but esti- 
mated to be normal. 


Normal children experienced little 
difficulty with any verb construction, 
whereas the hearing-impaired had dif- 
ficulty with complex constructions and 
tended to substitute simpler forms. Vir- 
tually none of the hearing-impaired had 
mastered the negative passive form and 
many had difficulty with the past form 
(auxiliary plus -en). The pattern of cor- 
rect responses for the hearing-impaired 
resembled the pattern seen in normal 
children four to five years earlier, where 
the present progressive appears before 
the passive and before the auxiliarv 
use.^ The authors concluded that the 
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"syntax of hearing-impaired children: is 
delayed rather than deviant. Nongram- 
matical responses were characterized by 
omission of concordial elements, auxil- 
iary élements, and participle ending. 
Semantically anomalous repetitions were 
mainly associated with the negative pas- 
sive and thought to reflect the child's 
attempt to describe the picture when 
confrontéd with a linguistic form he has 
not yet mastered. 


The linguistic study of Needleman^ 
seems to be the only study addressing 
itself to the syntactic skills of children 
with middle ear effusions that included 
preschoolers. They selected 20 children 
aged three to eight years with docu- 
` mented ‘fluctuating hearing losses going 
back to age 18 months or earlier and 
persisting for at least two years. These 20 
children were matched with 20 normal 
hearing controls. They evaluated pro- 
ductive and receptive phonologic skills 
and syntactic sophistication using a sen- 
tence repetition paradigm. The children 
with middle ear disease did not perform 
as well as normals when all the phono- 
logic measures were summed, however, 
the auditory discrimination task was the 
only measure of phonologic performance 
in which these children performed as 
normals (recall that in the older chil- 
dren studied by Goetzinger et al'? audi- 
tory discrimination and speech articu- 
lation were not correlated). The syntax 
of the hearing-impaired was inferior to 
that of thé normal children and the er- 
rors reported quite similar to those in 
the studies discussed earlier. Two ad- 
ditional findings deserve to be noted: 
there was an interaction for only one 
subtest between the linguistic skills of 
the children and the socioeconomic 
status of their parents. This study, there- 
fore, provided little support for the oft 
quoted deleterious; interaction between 
hearing loss and thé conditions associat- 
ed with a lower class home. This finding 
is at variance with studies carried out in 
England’! and among the Eskimo.!':* 
The second observation to be stressed 
is that the difference in performance be- 
tween hearing-impaired and normal 
children decreased with age. This may 
help to explain the lack of reading re- 
tardation noted by Goetzinger et al? 
among children ages 9 to 16. Goetzing- 
er's findings are contrary to observations 


in many other investigations of schoc 
age children with small hearing losse 
and with those of Ling'? who repor 
that retardation during the early scho 
years is generally not overcome witho 
remedial teaching. 


EFFECTS OF SMALL HEARING LOSSE 
ON SCHOLASTIC PERFORMANCE 


A number of early investigators s 
out to show that there was a relationshi 
between mild hearing loss and impaire 
school performance among children i 
regular classes. The problem with the: 
early studies is that audiometry was : 
its infancy, tympanometry had not bec 
invented, and sophisticated statistic 
were not yet in wide use. Furthermor 
since these were field studies, precis 
otologic diagnosis was  impractica 
Nevertheless, some of these studies wer 
seminal and deserve to be reviewed. 


The strategy used was to go to 
school system, screen the hearing of 
large sample of children (typically sex 
eral hundred but in one study" thre 
quarters of a million children) then con 
pare those who failed the hearing scree 
to those who passed in terms of verb: 
IQ, scholastic achievement, readin 
skills, spelling, arithmetic, social compe 
tence, and/or personality.!4?9?* Any 
where from 2% to 25% of children faile: 
the hearing screen, but the hearing los 
was bilateral in only 3-5% in most stud 
ies. Hearing loss was mild in the grea 
majority of those failing while sever 
losses were present in only 10-20%. In ; 
more recent study, Belkin et al?5 founi 
that while 5% of school-age childrei 
failed a screening hearing test, only ; 
third of these actually had defectivi 
hearing on formal audiometrv. Peckhan 
et al? noted that among 11,276 childre 
born in Britain between March 3 an 
March 9, 1968 and reexamined at agi 
seven years, approximately 1% had bin 
aural hearing losses averaging betwee 
35 and 54 dB at at least two frequencies 
and 0.4% had binaural hearing losse 
equal to or exceeding 55 dB. 


The consensus of these studies, wit] 
exceptions to be described, was tha 
children who failed auditory screens hac 
normal IQs when tested with nonverba 
instruments but that their verbal IO 
tended to be lower than those of chil 
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dren with normal hearing. Full scale IQs 
tended to be depressed by the low ver- 
bal scores.2°?*:?* The expected correla- 
tion between severity of hearing impair- 
ment and IQ deficit was not found in 
every study.^ In general, children with 
mild or mild-to-moderate hearing losses 
attending regular classes were less com- 
petent scholastically than their normal 
classmates. Up to half had repeated one 
grade (most often the first or third 
grade )?^?' and 8-102, two grades.'*?* 


Reading level was most likely to be 
affected, but spelling and arithmetic, 
especially problem arithmetic, scores 
were reported to be low in several stud- 
ies.5252' Many authors comment that 
poor reading skills jeopardize achieve- 
ment in all school subjects. 


One of the most detailed studies of 
the effects of mild-to-moderate hearing 
loss on scholastic achievement is that of 
Waldman et al?' The authors screened 
the hearing of 1,079 children in grades 
four to eight. They eliminated children 
whose school achievement might be low- 
ered by factors other than chronic hear- 
ing loss such as poor attendance in 
school, impaired vision, a family whose 
first language was not English, or the 
recent onset of hearing impairment. 
While the correlation. between school 
achievement and IQ was .94, they did 
not find an overall correlation between 
severity of hearing loss and achievement 
(Stanford Achievement Test). School 
achievement correlated more highly with 
the severity of hearing loss in grades 
four and five than grades six to eight. 
They found that the IQ of children with 
normal hearing was 104.5 and that of 
children with impaired hearing was 92.4. 
The hearing-impaired children were bet- 
ter speech (lip) readers than normal 
children, but this was still insufficient 
to compensate for the effects of hearing 
loss. The children’s achievement was 
most impaired for subjects where oral 
teaching was the predominant means 
for acquiring information and less im- 
paired for subjects where much of the 
information could be acquired from 
books. The authors provide detailed in- 
formation on the performance of 63 
hearing-impaired children for each 
school subject (reading, spelling, lan- 
guage usage, literature, arithmetic, his- 
tory, and natural science). Those who 


were poor readers tended to be deficient: 
in all subject areas. 


Madden,” who also carried out a de- 
tailed study of hearing-impaired chil- 
dren's scholastic performance, came up 
with rather different findings. He tested 
the hearing of 892 children in third to 
sixth grades in two schools, one public, 
one private, and found that 46 (5%) of 
the children failed the screen. He then 
paired each of these 46 children with a 
normal child drawn from. the same 
school, matched for sex, age, and na- 
tional background of his parents (many 
were the children of Italian immi- 
grants). He found that the hearing-im- 
paired children scored eight ,points be- 
low controls on the Stanford-Binet, a ` 
test heavily loaded with verbal items at- 
age 11% years (the mean age of his 
sample), but the correlation between 
IQ and severity of the hearing loss was 
not statistically reliable. He did not find 
deficits in vocabulary, reading, spelling, 
or arithmetic scores in the hearing-im- 
paired. He made the interesting observa- 
tion that there was a relationship be- 
tween IQ and father's occupation among 
the children with least hearing impair- 
ment while there was none for those with 
severe hearing losses: the implication 
might be that in order for a child with 
a severe hearing loss to be able to func- 
tion in a regular class, he must have 
above average intelligence. 


Two studies attacked the problem of 
the relation between hearing impair- 
ment and poor school achievement by 
looking at the prevalence of hearing loss 
among children with defective achieve- 
ment. Bond?? found that hearing loss oc- 
curred in 7.1% of 64 children with ade- 
quate reading ‘skills and 10.7% of 64 
children who were poor readers. He not- 
ed that there was an. interaction be- 
tween the method used to teach reading 
and the consequences of the hearing 
loss: hearing-impaired children taught 
by a phonemic approach were more like- 
ly to be poor readers than those taught 
by the look-say method (in contrast to 
children with visual perceptual deficits 
who did better with the phonemic than 
look-sav approach). Schonell** reported 
that 6.7% among 105 retarded spellers 
were hearing-impaired as opposed to 
4.5% among good spellers. It is not sur- 
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prising that there is a relation between 
spelling and word analysis skills which 
might. be selectively affected by im- 
paired ‘hearing, although phonology is 
not thé only .basis for correct spelling 
-+ in languages like English which have 

many words:-with irregular orthography. 


Pflaster’ carried out a factor analytic 
study of the.lingüistic and cognitive 
competence of 182 severely hearing-im- 
paired children enrolled in regular class- 
es. Their mean age was 13 years and 
their intelligence within the normal 
range. Their mean hearing level was 71 
dB in the better ear with a range from 
mild to profound. Many of the children 
in this study were as severely impaired 
as children attending schools for the 
deaf.*! There was no correlation be- 
tween academic success and severity of 
the hearing loss or performance IQ, 
whereas the correlation between aca- 
demic success and verbal IQ was 0.67. 
While some might argue that the better 
verbal skills of these children can be 
attributed to their placement in a reg- 
ular class rather than a school for the 
deaf, it seems more likely that it is be- 
cause of their better verbal skills that 
they were able to function in a regular 
class. The role of the children's self- 
concepts and of their parents' expecta- 
tions that they would function compe- 
tently among the hearing was more dif- 
ficult to evaluate. In any case, these 
findings underline the crucial impor- 
tance of testing the verbal skills as well 
as the nonverbal ‘skills of hearing-im- 
paired children when making decisions 
about school placement. 


BEHAVIOR AND PERSONALITY 


Many authors stress that inadequate 
hearing is likely to have deleterious con- 
sequences for children's personalities 
and beliaviors,?:5?-55 The teachers of the 
children studied by Madden” did not 
report that hearing-impaired children 
had behavior problems but that they 
tended to be shv and not to assume 
leadership roles. While Streng and Kirk? 
found no difference between the social 
auotient of 51 deaf, 46 hearing-impaired 
children aged 6 to 19 years, and normal 
controls, Kirk?* reported that 112 deaf 
and hearing-impaired children aged 7 to 
16 years obtained lower scores on a be- 
havioral scale that normals. There was 


no difference between hearing-impaired 
children (mean hearing level 50 dB) 
and deaf children (mean hearing level 
72 dB) in either study. Boys were some- 
what more likely to score lower than 
girls, and adolescents lower than young- 
er children. Fisher?? studied 83 hearing- 
impaired children, ages 5 to 15 years 
enrolled in regular classes. Hearing loss 
ranged from 20 to 64 dB (mean 38 dB). 
Fifty-one of the children (two thirds) 
had conductive hearing losses. Onset of 
hearing loss occurred below age two 
years in three quarters of the children, 
but it often remained undiscovered until 
the children's hearing was screened in 
school. Fisher reported that teachers 
were often unaware of their pupil's 
hearing loss. Comparing the hearing-im- 
paired with normals, 47% versus 28% 
were considered maladjusted based on 
their score on the Bristol Social Adjust- 
ment Guide. In contrast to Kirk’? he 
noted that girls were more often ill-ad- 
justed than boys, and contrary to Mad- 
den,” that acting-out behavior rather 
than withdrawn behavior was more com- 
mon. The children's behavior score was 
related to nonverbal IQ, chronologic 
age, parents’ level of education, and to 
the child's overall educational progress. 
The most maladjusted children were 
those whose age fell between 8 and 11 
years, as opposed to younger (5 to 8) 
and older (12 to 15 years) children. 
One can speculate that 8 to 11 years is 
the age when poor reading ability will 
be most stressful: below 8 years, the 
proportion of nonreaders is likely to be 
high, and above age 11 all but severely 
dyslexic children will have become read- 
ers. 


CONSEQUENCES OF CONDUCTIVE 
HEARING LOSSES 


There are relatively few studies spe- 
cifically concerned with children who 
had middle ear effusions. Two studies, 
that of Holm and Kunze? and that of 
Needleman? were carried out in the 
United States. Those of the Scottish 
Council for Research in Education,‘ of 
Ling,“ and of Owrid? and Hamilton and 
Owrid'' concerned British children. 
Ling et al^ and Kaplan et al‘ investi- 
gated the effects of otitis media among 
Eskimo children in Canada and Alaska. 
There is an extraordinarily high inci- 
dence of otitis media among Eskimo 
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children, presumably related to changes 
in lifestyle over the past 25 years." 
Lewis? addressed himself to the same 
problem in Australia among aboriginal 
children. One should say at the very 
onset that these exotic populations are 
not suitable to determine the effects of 
otitis media on scholastic performance 
or on verbal IQs. In all three studies, 
the children were found to have low 
verbal IQs and very poor reading skills. 
These results are considered invalid be- 
cause the children were tested with in- 
struments designed for English-speak- 
ing, middle-class children. Some of the 
children obtained worse test scores than 
would be predicted from their scholastic 
record.? The children's social situation 
was very poor, their families had given 
up their own culture without adopting 
the Anglo-Saxon culture. English, which 
was not the children's native language, 
was used in school and for evaluating 
reading and linguistic skills. Although in 
the Kaplan study there appeared to be 
some correlation between the number 
of episodes of otitis media and the 
child's language and scholastic achieve- 
ment, conclusions about the effects of 
conductive hearing loss on language de- 
rived from such children are obviously 
shaky. Ling et al'? point out that school 
achievement was predicted far better by 
the record of a child's school attendance 
which, however, may be influenced by 
the number of episodes of middle ear 
disease. 


Extrapolating from the previously dis- 
cussed studies of children with small 
sensorineural hearing losses, one can pre- 
dict that children with conductive hear- 
ing losses will encounter much the same 
problems if their middle ear effusions 
persist. Conductive losses may affect 
low frequencies more than the high and 
their consequence for speech discrimin- 
ation be quite different from flat or high 
tone sensorineural losses. At question is 
whether intermittent conductive loss or 
very mild conductive loss (under 24 
dB) has detectable deleterious conse- 
quences for language acquisition and 
learning. The literature is largely silent 
on this point although the Ling,“ Holm 
and Kunze,? and Needleman® studies 
suggest they do. 


The studies of the Scottish Council 
for Research in Education*? in 310 


children aged 11 to 12 years, and of 
Ling“ in 38 school-age children matched 
with controls, strongly suggest that cop- 
ductive hearing loss may depress school 
performance substantially and require 
intervention. Preferential placing in the +. 
school room and awareness on the'teach- ` 
er's part that a child is hearing-impaired 
may be all that is required? although 
if scholastic performance is delayed in 
the early grades, remediàl teaching may 
be in order. When a child's achieve- 
ment continues to lag, his parents, his 
teachers' and his own aspirations are re- 
duced and the lag may not be overcome. 
Ling?! found that children whose loss 
averaged only 25 dB, by the third year 
of school lagged more than one year in 
reading and arithmetic and 1% years in 
verbally framed arithmetic problem 
solving. While there was a relation be- 
tween the degree of hearing loss and the 
probability and degree of retardation, 
some children whose hearing loss at the 
time of testing was only 15 to 25 dB 
were also delayed scholastically, a find- 
ing also reported by Kaplan et al™ in 
Eskimo children. 


Owrid? compared three groups of 
primary school children, a group of 12 
children who had normal hearing at the 
time of testing but had failed previous 
hearing tests (this sample, then, should 
be typical of children with fluctuating 
conductive losses), a second group of 
14 children with unilateral hearing loss, 
and a third group of 33 children whose 
hearing level at the time of testing fell 
in the mild to moderate range binaural- 
ly. (Orwid does not specify the range 
of hearing thresholds. This third sample 
was heterogenous in that it was made 
up of 8 children with pure sensorineural 
hearing loss, 6 children with pure con- 
ductive loss, and 19 children with mixed 
hearing losses). The..performance of 
the three groups on comprehension of 
vocabulary was presented in detail. As 
one might expect, children with bilateral 
losses had the lowest score, followed by 
that of children with a history of con- 
ductive loss who scored marginally be- 
low children with unilateral losses, the 
later two groups falling within the 
normal range. Children with unilateral 
loss and with a history of otitis media 
had average reading levels whereas 
those of some children with bilateral 
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lossés. were. depressed. Reading and 
vocabulary scores were correlated. Only 
three 5-year-old children with realtively 
severe hearing losses had speech with 
marked syntactic deviations. This study 
then suggests that children with a his- 
tory of otitis media but whose hearing is 
-normal at the time of testing suffer little 
if any deficit; at least in terms of vocab- 
ulary, comprehension of language, syn- 
tax and reading level. The same is true 
of children with unilateral losses, while 
children with mild to moderate bilateral 
losses show the expected deficits in lan- 
. guage and reading performance. 


Jow later studies, Hamilton and 
Owrid'' addressed themselves to the 
question of the effect of an unfavorable 
social-educational background on chil- 
dren's performance. In a first study, 15 
hearing-impaired children attending the 
third grade of a school for the hearing- 
impaired were compared to 15 children 
in a normal school and 15 children from 
a disadvantaged social background in 
classes for children at risk. The hearing- 
impaired children obtained slightly high- 
er scores on the Raven Matrices, a non- 
verbal test of intelligence, than the 
other two groups but obtained dramat- 
ically lower scores on a vocabulary test. 
(The differences between the two hear- 
ing groups were marginal and in the ex- 
pected direction, with the “at risk” chil- 
dren scoring lower than the others.) 


In a second study, they compared two 
groups of hearing-impaired children 
without other handicaps, who had at 
least normal nonverbal intelligence. The 
first group consisted of 30 children with 
bilateral conductive hearing losses av- 
eraging 32 dB (selected at random from 
more than 250 children with conductive 
hearing losses in the school), 30 children 
with - bilateral sensorinerural hearing 
losses averaging 39 dB (the entire 
sample of children with sensorineural 
hearing losses made up the second 
group), and 58 normal hearing children 
from the same grade, from similar socio- 
economic backgrounds and who scored 
within the average range on the Raven 
Coloured Progressive Matrices (the chil- 
dren were not perfectly matched on the 
Raven since some of the hearing-im- 
paired were above average on the Raven 
while the normal hearing were selected 


for average performance). As expected, 
both groups of hearing-impaired children 
scored lower than normals on compre- 
hension of vocabulary, ability to define 
words, repetition of sentences of vary- 
ing syntactic complexity and length, and 
reading. Differences between the two 
hearing-impaired groups were, in gen- 
eral, nonsignificant. 


The more interesting aspect of the 
study is the authors’ attempt to relate 
the hearing-impaired children’s perform- 
ance to their family’s socioeconomic sta- 
tus and linguistic adequacy. Children of 
fathers with higher occupations were 
underrepresented and they obtained bet- 
ter scores on verbal (but not nonverbal ) 
items than children of fathers who had 
partly skilled or unskilled jobs. The 
same findings pertained to children who 
lived in private houses compared to 
those who lived in subsidized housing, a 
measure that no doubt largely over- 
lapped with fathers occupation. How- 
ever, while children from both social 
groups scored above the 50th percentile 
on the Raven Matrices, both scored be- 
low the 25th percentile on verbal items, 
underlining again that hearing loss is a 
stronger determinant of verbal skill than 
environment. Remember that the Mad- 
den? study also indicated a correlation 
between IQ measured on the Stanford- 
Binet (a verbally loaded battery) and 
father's occupation among children with 
mild hearing loss, a correlation that did 
not exist for the severely hearing im- 
paired. These studies are at variance 
with the Needleman’ study that showed 
a weak, if any, relation between mea- 
sures of linguistic maturity and socio- 
economic status in children with per- 
sistent otitis media. 


Hamilton and Owrid'* also examined 
the effect of parents' reading habits on 
their children's verbal skills. Scores were 
lower for children of parents who did 
little reading. Unfortunately, the Ham- 
ilton and Owrid paper did not state how 
strong a correlation existed between 
reading habits and socioeconomic back- 
ground. Other measures of linguistic ex- 
posure were not significant: there was 
no difference between children whose 
mothers worked and those whose moth- 
ers cared for them during the preschool 
years, or between children from large 
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families and those who had fewer than 
three siblings. 


COMMENT AND CONCLUSIONS 


This review of available literature con- 
firms the predictable conclusion that 
middle ear disease and conductive hear- 
ing loss have deleterious consequences 
for school children's verbal skills and 
scholastic performance, in particular 
their reading level. The effects on spon- 
taneous speech are not drastic and may 
be overlooked unless the child is tested 
formally, since his articulation may be 
adequate,** and his expressive skills tend 
to be delayed rather than deviant. The 
delay affects both the size of his vocab- 
ulary and the complexity of the syntax 
he has mastered. This effect was not 
found in all studies, however, suggesting 
either that the instruments used were 
too insensitive to measure mild impair- 
ment, or that conductive hearing loss 
must occur from early life or be pro- 
longed to produce measurable conse- 
quences. The studies of Owrid* and his 
colleagues suggest that these deleterious 
effects may be more marked in children 
from culturally impoverished back- 
grounds than in those from less disad- 
vantaged families, but the data are only 
suggestive since the effect is weaker than 
that of the loss of hearing itself. The 
studies in Eskimo and Australian abo- 
rigines, severely culturally deprived by 
Western standards, cannot be used to 
examine this relation since in both cases 
the children grew up speaking languag- 


es that were different from the English 
used in school and testing, and the effect 
of second language learning appeared 
stronger than that of the hearing loss. 
As one would expect, there was no ef- 
fect of conductive hearing loss on non- 
verbal measures of intelligence, and lit- 
tle or no correlation between nonverbal: 
intelligence and linguistic proficiency. 


The following areas. have not been 
adequately studied: no one has pub- 
lished a longitudinal study on. the ef- 
fects of conductive hearing loss on lan- 
guage development in pres jooL.chil- . 
dren. If school-age children fháve linguis- 
tic deficiencies, it stands to reason. that 
preschoolers will be similarly affected 
and their linguistic milestones. delayed. 
The question of whether hearing losses 
of less than 25 dB have deleterious ef- 
fects remains open. The studies of Ling“ 
and Kaplan et al" suggest that they 
may, but the data must be considered 
highly tentative. How long the hearing 
loss has to be present is also unclear. 
Owrid's? report shows that children with 
normal hearing at the time of testing 
may perform normally despite a history 
of conductive hearing loss although, ac- 
cording to Holm and Kunze? and 
Needleman? and Menyuk'?* this may not 
be the case where a documented hear- 
ing has been present throughout the 
years of language acquisition. A cumu- 
lative effect of conductive hearing loss 
and linguistic deprivation is suggested, 
but the definitive study demonstrating 
it has yet to be reported. 
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Because the state of our knowledge of many aspects of the etiology and pathogenesis -of 


otitis media and related conditions is deficient, 


recise characterizations. of -certain aspects Oo 


the disease may not be possible. In fact although most studies in tlie past have failed to de- 
fine the pecie disease state to be investigated, the specific type of otitis media or related con- 


dition to 


e studied must be as clearly defined as is clinically possible in order for any prospec- 


tive study of otitis media to be valid. The state of the art of the presently available methods to 


identif 


these conditions also poses certain limitations; at present, there. are five methods to 4 T 


identify otitis media and related conditions: history, audiometry, tympanocentesis/myringotomy, ` 
otoscopy (including otomicroscopy), and impedance measurements (tympanometry and assess- 
ment of the middle ear muscle reflex), and they all have inherent elements of unreliability. 
Historical information obtained from parents or the child is usually unreliable; a positive history 
may aid in defining the problem, but a negative otologic history does not rule out the presence 
of otitis media since it is frequently asymptomatic. Audiometry has been shown to be a poor 
method of identifying otitis media. Although tympanocentesis or myringotomy is the most re- 
liable way to identify otitis media with effusion (OME ), it is invasive, frequently requires an 


anesthetic, and is usually a confounding variable. In an effort to establish 


e diagnostic value 


of otoscopy, tympanometry, and the presence or absence of the middle ear muscle reflex in 
identifying OME, the diagnostic findings by these three methods were compared with the find- 
ings at myringotomy in 239 children (425 ears). The study showed that even experienced clini- 


cians ha 


some difficulty in identifying those ears with effusion (sensitivity) and had even 


greater difficulty in making a diagnosis of those ears without an effusion (specificity). Tym- 
panometry employing patterns that have been validated with myringotomy findings was found 
to be as accurate as expert otoscopy. On the other hand, the presence or absence of the mid- 
dle ear muscle reflex was found not to be a useful method of diagnosing the presence of OME 
due to its extremely low specificity. An algorithm derived from the combination of the three 
methods had highest sensitivity and specificity. From this study, the following recommendations 
regarding the identification of OME are suggested. All investigators who employ otoscopy 
should be validated by comparing their assessments either with the findings at myringotomy 
or with a previously validated otoscopist. Interobserver reliability of all otoscopists should be 
established prior to and maintained during clinical studies of OME. Only electroacoustic im- 
pedance instruments in which the tympanometric patterns have been validated should be used. 
‘Tympanometry employing validated tympanometric patterns has a high degree of sensitivity 
and specificity, and as such can provide an objective method to identify OME, Middle ear mus- 
cle reflex measurements should not be used as the only method to identify OME. An algorithm 
that includes otoscopy, tympanometry, and, to a lesser degree, the middle ear muscle reflex 
measurement should be employed for research purposes when a noninvasive method to identify 


OME is required. 


Before any clinical investigation of 
the effect of otitis media on educational 
development can be initiated, the dis- 
ease entities being studied must be de- 
fined specifically and the methods used 
to identify those entities must be es- 
tablished to be valid. Unfortunately, 
the state of our knowledge of many as- 
pects of the etiology and pathogenesis 
of otitis media and related conditions 
is deficient, so that precise characteri- 
zations of certain disease conditions may 


not be possible. Likewise, the state of 
the art of the presently available meth- 
ods to identify these conditions .also 
poses certain limitations. AE 


DESIGN FACTORS RELATED TO 
CHARACTERIZATION OF OTITIS MEDIA 


In the past, most studies failed to de- 
fine the specific disease under investi- 
gation but simply termed the condition 
“acute suppurative otitis media" or 
“chronic serous otitis media.” Other in- 
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vestigators have attempted to character- 
ize the different types of otitis media 
but have used only the appearance of 
thé.tympanic membrane to distinguish 
arbitrarily between acute and chronic 
' gtiis’ media’ with effusion (OME). 
. Some; have included historical informa- 
^ tion Stich. as the presence or absence of 
- ótaleia?ot fever to make the distinction, 
while still others have thought that the 
presence of bacteria in a middle ear ef- 
fusion confirms the diagnosis of acute 
otitis media. Studies have shown that 
approximately 80% of ears of children 
with signs and symptoms of acute otitis 
media harbor organisms that are con- 
sidered: to be pathogenic. On the other 
hand, studies of children with chronic 
OME have demonstrated the presence 
of organisms in almost 50% of the ears; 
half of these organisms are common 
pathogens found in acute OME.?? The 
mere finding of pathogenic bacteria in 
an ear with OME is not sufficient to 
establish that organism as the agent 
causing the OME, nor does the presence 
or absence of bacteria in the middle ear 
distinguish between acute and chronic 
OME. Lacking in almost all studies of 
OME is any documentation of the con- 
dition of the ear over a prolonged pe- 
riod of time; such documentation should 
consist of examinations carried out fre- 
quently enough to determine whether 
or not one is dealing with acute OME in 
a previously effusion-free ear or just the 
acute onset of symptoms in a child who 
has had a persistent OME. To add to 
the confusion, certain conditions that 
are related to OME have been included 
under this diagnosis. For example, a 
study of "serous otitis media" will in- 
.clude such conditions as "severely re- 
tracted drum,” “salpingitis,” or “eusta- 
chian tube dysfunction.” One study of 
the point prevalence of otitis media at- 
‘tempted to define specific ear diagnoses 
but the classification was not definitive: 
the diagnoses were listed as “definite” 
acute otitis media and “possible” acute 
otitis media;.the criteria for each were 
also poorly characterized (for instance, 
the criterion for diagnosing a case of 
acute otitis media was a red tympanic 
membrane ).* The specific type of otitis 
media or related condition to be studied 
must be as clearly defined as is clinical- 
ly possible in any prospective study of 
otitis media. 


One of the problems that has prob- 
ably contributed to lack of agreement in 
the definition of otitis media and related 
conditions is the lack of consensus on a 
working definition of the condition. The 
following is a proposed general system 
of classification for types of otitis media: 
1) atelectasis of the tympanic membrane 
without evidence of OME, 2) OME, 
and 3) complications and sequelae of 
atelectasis or OME or both. (Atelectasis 
is defined as collapse or retraction of 
the tympanic membrane which may or 
may not be associated with high nega- 
tive middle ear pressure. A retraction 
pocket is a localized area of atelectasis 
or retraction.) Otitis media with effu- 
sion can be subdivided further into acute 
and chronic and as to whether or not the 
effusion is infected or sterile. Acute or 
chronic otitis media may also occur 
without effusion or perforation. The 
complications and sequelae of these con- 
ditions include, among others: 


Intratemporal 


l. Hearing loss. 


2. Perforation of the tympanic mem- 
brane with or without acute or 
chronic suppurative otitis media. 


3. Acquired cholesteatoma with or 
without acute or chronic suppur- 
ative otitis media. 


. Mastoiditis and petrositis. 
. Adhesive otitis media. 

. Tympanosclerosis. 

. Ossicular discontinuity. 
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. Facial paralysis. 
9. Labyrinthitis. 
Intracranial complications 
1. Meningitis. 
. Focal encephalitis. 
. Brain abscess. 
. Sinus thrombophlebitis. 
. Extradural abscess. 
. Subdural abscess. 
7. Otitic hydrocephalus. 
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DESIGN FACTORS RELATED TO 
IDENTIFICATION OF OTITIS MEDIA 


Once the disease conditions to be stud- 
ied are defined the next step is to identi- 
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fy those ears of children who meet the 
criteria established. At present five 
methods are used to identify otitis media 
and related conditions: history, otoscopy 
(including the otomicroscopic examina- 
tion), acoustic impedance measurements 
(tympanometry and assessment of the 
middle ear muscle reflex), audiometry, 
and — tympanocentesis / myringotomy. 
Each of these has certain advantages 
and limitations. 


History. Historical information ob- 
tained from the parent(s) or child is no- 
toriously unreliable; however, a history 
positive for symptoms of ear disease (eg, 
otalgia, otorrhea, hearing loss) may be 
helpful in determining whether or not a 
child has had otitis media in the past, al- 
though a negative otologic history does 
not rule out middle ear disease since 
OME is frequently asymptomatic. Nev- 
ertheless, a reu d istory (obtained 
initially and at later intervals) should be 
obtained in any prospective study of 
otitis media. The interval history is 
especially important when children can- 
not be observed as often as is desirable, 
which is usually the case. Only critical 
information should be recorded for later 
analysis. 


Otoscopy. The most important diag- 
nostic tool for the identification of otitis 
media is the otoscopic examination in 
which a good pneumatic otoscope is 
used. Unfortunately however, otoscopy 
is subjective and, as commonly prac- 
ticed, imprecise. Most clinicians do not 
use a pneumatic otoscope, and if they 
do, many of the instruments presently 
available are not designed to maintain 
an adequate air seal! Some practitioners 
and investigators have advocated the use 
of the otomicroscope to improve the ac- 
curacy of diagnosis, but for most large- 
scale studies of otitis media the use of 
the otomicroscope is impractical and 
generally not necessary. However, when 
the results of routine otoscopy are not 
diagnostic, then an otomicroscope should 
be readily available and used. Examples 
of situations in which an otomicroscope 
might be useful would be in differenti- 
ating between severe atelectasis of the 
tympanic membrane and adhesive otitis 
media, or between a deep retraction 
pocket and a cholesteatoma. 


Almost all studies of OME reported 


in the past have identified the disease 
by otoscopy; however, no information 
on the accuracy of the otoscopist in 
making the diagnosis was reported.: In 
an attempt to classify. tympanometric ` 
patterns that were associated with OME : 
in infants and. children, Paradise and 
co-workers? validated the: diagnosis. of - 
the otoscopist (who used ^ pueuratic: 
otoscope) by performing 
gotomy shortly after the examination. 
This method of validation of otoscopic 
findings was also used in previous stud- 
ies of cleft palate infants in which two 
otoscopists were involved.^'. However, 
no other studies have reported valida- 
tion of otoscopic findings or. perfor- 
mance of interobserver reliability tests . 
and when attempts have been made to 
determine interobserver reliability the 
results have been so poor as to infer that 
the data reported are not accurate. Jor- 
dan? reported the inconsistency of the 
descriptions of the appearance of the 
tympanic membrane among the three 
otologists who participated in the second 
Pittsburgh study of hearing ——'d 
and ear disease in public school chil- 
dren. Between normality and abnormal- 
ity of the tympanic membrane there was 
agreement in only 60% of the observa- 
tions made in ten children. There was 
disagreement in 60% of observations for 
impairment of mobility of the tympanic 
membrane. In the Kessner et al study* 
of the point prevalence of otitis media, 
no data were reported on accuracy or 
interobserver reliability of the-six board- 
certified or board-eligible otolaryngolo- 
gists who participated in the study. Un- 
fortunately, certification by a board does 
not insure the ability, to make an ac- 
curate diagnosis of otitis media with the 
otoscope. 





In identifying otitis. media, a pneu- 
matic otoscopic examination must be in- 
cluded since at present the educated eye 
of an experienced otoscopist cannot be 
replaced by a machine. However, the 
problem is one of a complex set of bits 
of data obtained by inspecting the tym- 
panic membrane with the otoscope and 
determining its mobility; and then by 
pattern recognition arriving at a correct 
diagnosis. Table 1 is a list of some of the 
variables assessed by an otoscopic exam- 
ination. In designing a study in which 
these variables are assessed to arrive at 
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Externt] .Ganab Condition 





"wc Normal 

P ^. . Cerumen Site? Degree? 

3. Inflammation: Site? Degree? 
|. .Otorrhea Type? Amount? 


-Tympanostomy tube ` Type? Location? 
Foreign body — "Type? Location? 
£ A Appearance of Tympanic Membrane 
"ir^ Normal 
‘Abnormal 
aS À 
?Opacification 





Color? 

Site? Extent? 
Inflammation Site? Extent? 
Scarring Site? Extent? 
Monomeric membrane Site? Extent? 
Tympanosclerosis Site? Extent? 

Position of Tympanic Membrane 
Neutral 
Retracted 
Bulging 





Degree? 
Degree? 
Mobility of Tympanic Membrane (to Applied 
Positive and Negative Pressure ) 

Normal 
Hypermobile 
Decreased 
None 


Other Abnormalities of Tympanic Membrane 
and Middle Ear 


Middle ear effusion Color? Amount? 
Bubbles? Fluid level? 
Retraction pocket Site? Size? 


Condition? 


Perforation Site? Size? Otorrhea? 
Condition of middle ear? 


Tympanostomy tube Type? Site? 
Condition? Otorrhea? 

Cholesteatoma Site? Size? Otorrhea? 
Ossicles eroded Which? Degree? 


a correct diagnosis, many of these and 
possibly ‘others should be recorded so 
that reference can be made to the ap- 
pearance of the external ear canal, tym- 
panic membrane, and middle ear at 
previous, examinations. Forms that are 
complete but yet that make recordin 

such data simple must be prepared 
thoughtfully. However, only critical in- 
formation should be keypunched and 
stored for purposes of analysis, The final 
diagnosis arrived at by the otoscopist 
should be recorded. A list of some of the 
various otoscopic diagnoses related to 
otitis media are shown in Table 2. Many 
ears will have more than one of the 
diagnostic possibilities but decision- 
making should be forced and categories 
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TABLE 2. VARIOUS OTOSCOPIC 
DIAGNOSES RELATED TO 
OTITIS MEDIA 








Atelectasis of the Tympanic Membrane 
Degree of retraction or collapse? 
Degree of negative pressure? 
Retraction Pocket 
Site? Extent? 
Otitis Media with Effusion 
Acute? Infected? Chronic? Sterile? 
Otitis Media without Effusion or Perfora- 
tion 
Acute? Infected? 
Adhesive Otitis Media 
Site? Extent? 
Tympanosclerosis 
Site? Extent? 
Perforation 
Site? Size? 


With or without acute or chronic otitis 
media? 


Chronic? Sterile? 


Cholesteatoma 
Site? Size? 
With or without acute or chronic otitis 
media? 

Infectious Eczematoid External Otitis 
Otorrhea? Type of otitis media? 


that include qualifiers such as “pos- 
sible" or "probable" should be avoided. 


In the design of a study in which oto- 
scopic examination is used in the identi- 
fication of OME and related conditions, 
the diagnostic abilities of all otoscopists 
included in the study must be validated 
and interobserver reliability established. 
If the primary ear disease being studied 
is OME, then each otoscopist should 
have attained a high degree of accuracy 
in identifying OME. This can be 
achieved by performing otoscopy on a 
group of children immediately prior to 
tympanocentesis/ myringotomy. The sen- 
sitivity (the total number of otoscopic 
diagnoses of OME divided by the total 
number of ears in which the presence of 
OME is verified by myringotomy) and 
specificity (total number of ears diag- 
nosed by otoscopy as being free of OME 
divided by the total number of ears free 
of OME at the time of myringotomy ) 
should be as high as possible and inter- 
observer reliability should be at an ac- 
ceptable level. Interobserver reliability 
can be tested by having all of the oto- 
scopists involved in the study indepen- 
dently make an otoscopic diagnosis prior 
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TABLE 3. METHODS FOR VALIDATING AN OTOSCOPIST’S ABILITY TO IDENTIFY 


OTITIS MEDIA WITH EFFUSION AND CERTAIN RELATED CONDITIONS 


4 























Presence of Otitis Media and Related Conditions ^55 9 us 
Ecze:- 
Atelectasis Retrac- Ad- matoid ... 
High Neg. tion hesive Tympano- -© Per- - Chole- | External: 
Method OME Pres. Pocket Otitis sclerosis — foration .steatoma Otitis ` 
Otoscopy? Yes Yes? Yes Yes Yes Yes?’ " Yes Yes : 
Tympan- ; 
ometry* * Yes Yes No No No Yes No 
Tympanocen- 
tesis/My- 
ringotomy Yes No 


*By validated and experienced otoscopist. 


**With validated patterns. 


to the tympanocentesis/ myringotomy. 
There is no valid way to test intraobser- 
ver reliability in identifying OME in the 
ears of children who have OME or con- 
ditions that are related, since the status 
of the tympanic membrane and middle 
ear changes within hours. 


If conditions that are related to OME 
are included in the study then otoscopy 
must be validated by other means. Table 
3 shows the more common diagnoses re- 
lated to otitis media and three possible 
methods by which an otoscopist's findings 
might be validated. Tympanocentesis or 
myringotomy can usually determine 
whether an effusion is present within 
the middle ear but it will not determine 
the middle ear pressure. However, 
tympanometry appears to be a reliable 
indicator of the pressure within the mid- 
dle ear. A perforation of the tympanic 
membrane may be identified more ac- 
curately by tympanometry in some in- 
stances than by otoscopy (even utiliz- 
ing the otomicroscope). The presence 
of other conditions such as a retraction 
pocket, adhesive otitis media, tympano- 
sclerosis, cholesteatoma, or infectious 
eczematoid external otitis can only be 
corroborated by an experienced oto- 
scopist. 

Tympanometry and the Middle Ear 
Muscle Reflex. One of the best nonin- 
vasive methods to identify OME ob- 
jectively is to measure middle ear im- 
pedance with an instrument which can 
record a tympanogram and can assess 
the middle ear muscle reflex. Several 
studies have demonstrated that tym- 
panometry has a high degree of sensi- 
tivity and a fairly high level of speci- 
ficity in identifying OME when the tym- 





panogram is recorded with either the 
electroacoustic impedance bridge or the 
otoadmittance meter. Only a few studies 
have validated the tympanomettic pat- 
terns with myringotomy findings? 
Tympanometry is an important adjunct 
to otoscopy in the identification of OME 
in that it is objective, measures different 
parameters than are possible by oto- 
scopy, provides an accurate assessment 
of the middle ear air pressure in most 
instances, accurately identifies a non- 
intact tympanic membrane, and provides 
a graphic record of the findings. How- 
ever, tympanometry must be used care- 
fully to be reliable: in a study of otitis 
media in which tympanometry is to be 
employed, only patterns that have been 
validated should be used. In addition, 
those persons responsible for pattern 
recognition should have established ac- 
ceptable levels of intra- and interobser- 
ver reliability. Tympanometry in chil- 
dren less than seven months old is un- 
reliable as an indicator of OME.5 


Most studies that have assessed the 
contralateral muscle reflex in order to 
identify the presence or absence of 
OME have demonstrated a high degree 
of sensitivity but an unacceptable level 
of specificity. In addition, in none of 
these studies was the presence or ab- 
sence of OME validated by myrin- 
gotomy. No studies to date have re- 
ported on the sensitivity and specificity 
of the ipsilateral middle ear muscle re- 
flex as an indicator of the presence or 
absence of OME. The usefulness of 
these tests in identifying OME has not 
been established. 


Audiometry. Audiometry has been 
shown to be a poor method to identify 
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TABLE 4. AGES OF POPULATION FOR 
STUDY OF ACUTE OTITIS MEDIA WITH 








EFFUSION 
Number 
Age (yr) Children Ears 
a 11 15 
3-4 A 13 14 
5-6 f 6 8 
12-15 ; 2 2 
37 44 


.. , Totals 
Ó rcs 


b DOAA 


; otitis: inedia; and many related condi- 


tions. Despite’certain other deficiencies 
in the Eagles et al study,” it did strong- 
ly suggest that audiometry will not 


: identify. many children with significant 


middle ear abnormalities. Audiometry 
assesses hearing but does not identify 
otitis media, In addition, behavioral 
audiometry is frequently unreliable in 


w 


A^ 


a 


~ 


- COMPLIANCE IN MADSEN UNITS 
uo 


, 7400 -300 -200 


of middie 


compliance relationships: 





—100 0 
AIR PRESSURE IN mmH,0 


young infants, an age group in which 
OME is prevalent. Even though there 
are electrophysiological methods to as- 
sess the hearing threshold in the young 
infant which can provide a presumptive 
diagnosis of OME, these methods are 
not yet feasible for clinical use. 


Tympanocentesis and Myringtomy. 
The most valid way to identify OME 
is to perform a tympanocentesis or my- 
ringotomy. These procedures have the 
additional advantages that the character 
of the fluid can be assessed and a cul- 
ture can be obtained, and if a myring- 
otomy is performed, the condition of the 
middle ear mucous membrane can be 
noted and a biopsy specimen of the mu- 
cosa can be obtained. The findings at 
myringotomy would certainly help in 
determining the type of OME present; 
however, aside from ethical considera- 
tions, the method 1) is invasive, 2) fre- 


xm T 





+100 +200 


1, Tympanometric criteria for identification of middle ear effusion. Probability 
ear effusion in relation to tympanometric zones and gradients. Air pressure 


1) Normal (NL) - air pressure at or near atmospheric (—100 to +50 mm H;O) 


and compliance high (<4.5 Madsen units). 
HN) - air pressure high negative (<—100 mm H;O) 
and compliance high («5.0 Madsen units). 


2) High negative pressure 


3) Transitional (TR) - air pressure at or near atmospheric ( —100 to +50 mm 
H;O) and compliance intermediate (4.5 to 5.5 Madsen units). 

4) Effusion (EFF) - air pressure covers a wide range («;--50 mm H,O) and 
compliance is low, but to some extent pressure related (755.5 Madsen units if pressure 
2 —100 mm HO; 25.0 Madsen units if pressure <—100 mm H;O). 


5) Hi 


pliance high (0 to 4.4 Madsen units). 


positive pressure (HP) - air pressure high ( > --50 mm H:O) and com- 


Gradient: gradual (g) <0.15; steep (s) 70.15. (From Paradise et al^) 
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quently requires an anesthetic, and 3) is 
usually a confounding variable. In cer- 
tain instances in which the procedure is 
indicated by commonly accepted cri- 
teria, however, the findings can validate 
the presence or absence of OME as 
diagnosed by other techniques. If more 
than one physician performs the proce- 
dure, the technique should be uniform 
and some method of interobserver re- 
liability should also be devised since in 
some ears the presence or absence of 
effusion is not obvious if the technique 
employed is poor. 


AN EXAMPLE OF VALIDATION OF 
OTOSCOPIC DIAGNOSIS OF ACUTE OME 


As part of an investigation of the ef- 
ficacy of a new antimicrobial agent, tym- 
panograms were recorded from infants 
and children who were identified by 
pneumatic otoscopy as having acute 
otitis media, and then the children un- 
derwent a tympanocentesis (without 
anesthesia). Otoscopic criteria for the 
diagnosis of acute otitis media consisted 
of erythema and/or white opacification 
(other than scarring) of the tympanic 
membrane accompanied by fullness or 
bulging and impairment of mobility of 
the membrane. Associated symptoms 
such as fever, otalgia, irritability, and 
impairment of hearing were also usually 
present. 


Methods and Materials. In 37 infants 
and children (44 ears) the criteria for 
a diagnosis of acute otitis media was 
met. Table 4 shows the ages of the sub- 
jects. Otoscopic examinations were per- 
formed with a pneumatic otoscope? by 
one of four otolaryngologists who par- 
ticipated in the study. All tympano- 
grams were obtained using an electro- 
acoustic impedance bridge, and were 
plotted with an XY plotter.** Tympano- 
metric patterns were classified according 
to the system suggested by Paradise et 
al: the seven major categories were 
based on the degree of tympanic mem- 
brane compliance, the air pressure at 
peak tympanic membrane compliance, 
and the gradient of the tympanogram 
curve, from which the probability of 
OME being present could be deter- 
mined (Fig. 1). A given tympanogram 


*Welch-Allyn, Inc., Skaneatles Falls, NY. 


TABLE 5. OTOSCOPIC DIAGNOSIS OF 


ACUTE OTITIS MEDIA WITH EFFUSION . 


RELATED TO TYMPANOMETRIC 
PATTERNS AND FINDINGS AT 
TYMPANOCENTESIS IN 37 INFANTS 
AND CHILDREN (44 EARS) 





 Myringotomy 
Tym- Findings (ears) 
Otoscopic panogram 
Diagnosis Type No OME. QME 
1 - X. T 
3* , ; ni rí 
4 poky t. 
OME i L8 QUARE L1 
12 SHIT css 30 
13984 Vl. 3 
14 3 
15 E 4 
Totals 5 39 ` 
*No OME. 
**OME. 


was judged as belonging to 1 of 15 pos- 
sible categories of variants given as 
examples by Paradise et al of the 7 
major categories (Fig. 2). Tympano- 
metric pattern variances 1 to 6, and 9 
were taken as predictors of the absence 
of OME and the variants 7, 8, and 10 to 
15 were taken as predictors of the pres- 
ence of OME. Following the tympano- 
gram, the presence or absence of a mid- 
dle ear effusion was ascertained by the 
surgeon, who used a Zeiss operating 
microscope to perform a tympanocente- 
sis and aspiration of the middle ear. 


Results. Table 5 shows that of the 44 
ears in which acute otitis media was 
diagnosed by pneumatic otoscopy, from 
39 (89%) an effusion was .aspirated at 
tympanocentesis. Therefore, there were 
five false positive diagnoses by otoscopy. 
Tympanometry had only three false 
positives but one false negative, .and 
correctly identified two true negatives. 


Conclusion. From this study; the: ac- 
curacy of the otoscopic examination per- 
formed by the four participating oto- 
laryngologists was 89% and the accuracy 
of tympanometry in making the diag- 
nosis of effusion was 91%. The sensitivity 
of otoscopy was 100%, as compared to 
97% for tympanometry. Since the oto- 
scopist only performed a tympanocen- 


**Impedance bridge Model AE83; XY plotter Model 612A, American Electromedics Co., 


Dobbs Ferry, NY. 
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tesis on those ears suspected of having 
an acute OME, the specificity of oto- 
scopy was zero; the specificity of tym- 
panometry was 40%. It should be noted 
that three ears found to be dry at 
tympanocentesis met the otoscopic cri- 
teria for OME and also had tympano- 
metric patterns consistent with effusion. 
These ears could be classified as having 
otitis media without effusion. 


.. This study did not determine the sen- 
sitivity and specificity of otoscopy and 
tympanometry meaningfully, nor was 


_interobserver reliability determined, In 


additign," inter- and intraobserver reli- 
ability for"the recognition of tympano- 
metric patterns was also not deter- 
mined. 


A METHOD FOR DEVELOPING 
IDENTIFICATION CRITERIA FOR OME: 
INTEROBSERVER RELIABILITY AND 
VALIDATION 


In an attempt to develop an algorithm 
that could be used systematically in 
identifying OME by noninvasive meth- 
ods, a study was conducted three mom- 
ings a week during the period from Sep- 
tember 1, 1977, to February 22, 1978. 
The specific aim of the study was to de- 
velop interrelated otoscopic and middle 
ear impedance (tympanometry and mid- 
dle ear muscle reflex assessment) cri- 
teria that could be used together to as- 
sist in diagnosinig the presence or ab- 


sence of OME. 


METHODS AND MATERIALS 


The stüdy:subjects consisted of 939 
children (495 ears), ranging in age from 
seven months to 15 years. The patients 
were scheduled for bilateral myring- 
otomy and insertion of tympanostomy 
tubes ori the basis of a history of recur- 
rent acute OME, or otoscopic evidence 
of persistent OME, or both. Within a 
one-hour period prior to myringotomy, 
otoscopic examinations and audiologic 
measurements were performed. Oto- 
scopic, tympanometric, and middle ear 
muscle reflex determinations were all 
conducted independently, Otoscopic 
examinations were performed by two 
otolaryngologists (A and B) and, near 
the end of the study, two pediatricians 
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(C and D), using a Welch-Allyn pneu- 
matic otoscope. Audiologic measure- 
ments performed by or under the direc- 
tion of an audiologist included tym- 
panometry and assessment of the middle 
ear muscle reflex using an electroacous- 
tic impedance bridge.* All tympano- 
grams were plotted with an XY plot- 
ter.** Contralateral and ipsilateral mid- 
dle ear muscle reflexes were measured 
using a stimulus frequency of 1000 Hz 
under air pressure conditions correspond- 
ing to both peak tympanic membrane 
compliance and ambient pressure. After 
these measurements had been com- 
pleted, bilateral myringotomies were 
performed under general anesthesia 
(nitrous oxide, halothane, and oxygen ), 
the presence or absence of OME was 
ascertained by the surgeon, and a tym- 
panostomy tube was inserted. Only the 
data for the 425 ears of children who 
had all three measures (otoscopy, tym- 
panometry, and assessment of middle ear 
muscle reflex) are included in this an- 
alysis. 


Measurement Classification Tech- 
niques and Interobserver Reliability. 
The results of otoscopic examinations 
and tvmpanometric measurements were 
classified. Predictive judgments regard- 
ing the presence or absence of OME 
were made based on these classifica- 
tions. In addition, the reliability of cer- 
tain examination and measurement tech- 
niques performed by different examin- 
ers was ascertained by comparing their 
results with the findings at the time of 
surgery. 


Otoscopic Examination. Immediately 
following the otoscopic examination of 
each ear, the examiner recorded his im- 
pressions of the condition of the tym- 
panic membrane and a judgment re- 
garding the presence or absence of 
OME. These impressions and judgments 
were recorded by the examiner on a 
specially designed form shown in Fig- 
ure 3. As can be seen, the examiner 
could make use of several choices con- 
cerning the presence or absence of fluid 
for each ear. Otoscopic criteria for the 
presence of OME were the following: 
erythema and/or white opacification of 
the tympanic membrane accompanied 


*Model Z073, Madsen Electronics, Oakville, Ontario, Canada. 
**Model 7010A, Hewlett-Packard Medical Instruments, Waltham, MA. 
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TYMPANOGRAM 
TYPES 
NL 


(NORMAL) 


EFF 
FUSION) 


HIGH 
POSITIVE 
PRESSURE 


(EF 
HP 


Fig. 2. Tympanometric types and variants used to 
the presence or absence of OME. (From Paradise et al. 


by impairment in mobility; or, if the 
tympanic membrane was translucent, 
presence of an air-fluid level or air 
bubbles or visualization of an amber or 
bluish fluid within the middle ear. Ears 
could also be classified as "abnormal 
without OME.” Usually ears so classified 
were thought to have high negative mid- 
dle ear pressure (atelectasis) or inflam- 
mation of the tympanic membrane with- 
out obvious middle ear effusion. High 
negative middle ear pressure was diag- 
nosed when a translucent tympanic 
membrane of normal color (grey or 
ground glass appearance) was retracted 
and was shown to have impaired mo- 
bility by pneumatic otoscopy (usually 
no movement to applied positive pres- 
sure and limited or no mobility to ap- 
plied negative pressure). Inflammation 
of the tympanic membrane without mid- 
dle ear effusion was characterized oto- 
scopically as erythema and/or white 
opacification of the tympanic membrane 
without significant impairment of mo- 
bility. For the purposes of analysis, any 
choice that did not include OME was 
recorded as OME absent (-), and any 
choice in which OME was chosen was 
recorded as OME present ( + ). Abnor- 
mal without OME was recorded as 














define patterns which indicate 
) 


(++). Validity of the otoscopic diag- 
noses made by the two otolaryngologists 
(A and B) and the two pediatricians 
(C and D) was determined by compar- 
ing otoscopic findings with findings at 
myringotomy. Interobserver reliability 
was determined by comparing the judg- 
ments regarding the presence or ab- 
sence of OME for ears examined by 
both of the otolaryngologists. 


Tympanometric Testing. The basis 
for tympanometric pattern.elàssification 
was that suggested, by Paradise et ab 
as shown in Figure 1. A given tympano- 
gram was judged as being 1 of 15 pos- 
sible variants as shown in Figure 2. 
Tympanograms were classified inde- 
pendently by two audiologists (E and 
F) in order to ascertain interobserver 
reliability, which was determined for in- 
dividual variants and for three arbi- 
trary classifications: no OME (variants 
1, 2, 3, and 15), suspected OME (var- 
iants 4 to 11), and definite OME (var- 
iants 12 to 14). For comparison with 
findings at myringotomy, the variants 
were further collapsed arbitrarily into 
only two categories: OME absent and 
OME present. Tympanometric pattern 
variants 1 to 6, 9, and 15 were taken as 
predictors of the absence (-) of OME 
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Otoscopic Examination Form 


NAME or STAMP 


No, c inflammation 
2 





Yes 
2 










































DATE: 







Definite Cannot see TM 
3 

















ES" ——Perf.—— 
TM STATUS: Intact Tube |Yes Healed| Scarred Not Seen 
| 1 2 3 4 5 6 
Blocked 
TUBE: No Patent Yes |c (-) pressure Z OME 
Uus et 1 2 3 4 5 Sara Sas 
adt OTORRHEA 5 No Serous Mucoid Muc/Puru. Purulent Other 
: M 1 2 3 4 5 6 r—— es 
| [OTHER None: Fluid Level Bubbles Cholesteatoma Other 
nel 2 3 4 5 
Retraction 
POSITION: Neutral Bulging Full Slight Moderate Severe 
1 3 4 5 6 mao m 
APPEARANCE: Transluscent Opaque 
1 2 pA, 
COLOR: Normal White Gray Pink Red Blue Yellow 
1 2 3 4 5 6 7 
MOBILITY: Normal Hyper Decreased None (+) 
1 2 3 4 














COMPLIANCE: 





Normal 
1 


Normal 
1 


Very High 
2 


Low (+) 
2 


High 
3 


PRESSURE: 






















Tube visible through TM in ME 


(Other) 
D 24 





High (+) Low (-) High (-) 
3 4 5 


Applied 








Very Low 
5 


Low 
4 


Indet. 
6 























Sig. (-)Pres. Scarred TM 
INTACT: WNL AOM OME Otorrhea Sec/Sup 5 OME Yes Yes @ OME 

1 2 3 4 5 6 7 8 
ba Atelectasis Cholesteatoma TM not vis. 7??? status 
E 9 10 11 12 
Zz 
Q |NON- — Perf ——TIP —Memb. TIP — 
& |INTACT: |Dry Otorrhea| OK  otorrhea | OK Blocked 
= 13 14 15 16 17 18 
x ; 

TIP, blocked 

Yes ear OK c (-) pres. OME ? Status 

LZ 19 20 21 22 23 









Fig. 3. Otoscopic examination form used in the study to determine validity and in- 
terobserver reliability of otoscopic examinations. 


and variants 7, 8, and 10 to 14 were 
taken as predictors of the presence ( 4- ) 
of OME. 


Middle Ear Muscle Reflex Testing. 
For each ear four reflex measurements 
were made using a stimulus frequency 
of 1000 Hz: 1) contralateral stimulus 
with reflex measured at atmospheric 
pressure; 2) contralateral stimulus with 
reflex measured at pressure correspond- 


ing to peak compliance of the tympano- 
gram; 3) ipsilateral stimulus with reflex 
measured at atmospheric pressure; and 
4) ipsilateral stimulus with reflex mea- 
sured at pressure corresponding to peak 
compliance of the tympanogram. A mid- 
dle ear muscle reflex threshold at or be- 
low 105 dB HL (contralateral stimu- 
lus) or 105 dB SPL (ipsilateral stimu- 
lus) on any of these four measurements 
was taken as a predictor of the absence 
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EXPERIENCED 

OTOSCOPIST 
TEST 

OTOSCOPISTS 







VALIDATION 
SENSITIVITY SPECIFICITY 
% ^ 


POOL OF SUBJECTS IN NEED OF 
TYMPANOCENTESIS/MYRINGOTOMY 
OTOSCOPY TYMPANOMETRY ACOUSTIC TYMPANOCENTESIS 
REFLEX = 
MYRINGOTOMY 


ANALYSIS OF FINDINGS 


INTER-OBSERVER 
RELIABILITY 
ra 


Fig. 4. Schema of a method for validating otoscopists and establishing interobserver 
reliability for diagnosing the presence or absence of OME, 3 


of OME. Conversely, the absence of a 
middle ear muscle reflex on all four 
measurements was taken as the predictor 
of the presence of OME. 


Validation. To determine the overall 
accuracy of otoscopy, tympanometry, 
and assessment of the middle ear mus- 
cle reflex in identifying OME, the re- 
sults of each technique were compared 
to the findings at capi gia The 
predictions made by each individual 
measurement procedure were then com- 
bined in an attempt to develop an al- 
gorithm for identification of OME 
based on the combination of otoscopy, 
tympanometry, and middle ear muscle 
reflex testing. Figure 4 shows the overall 
schema of the study. 


RESULTS 
Table 6 shows the distribution of total 


TABLE 6. DISTRIBUTION OF TOTAL 
EARS EXAMINED, LISTED BY 
OTOSCOPIST FROM SEPTEMBER 1, 
1977, TO FEBRUARY 22, 1978 








Otoscopist 
A B C D 





X 381 


WAY 


uv x 
WW xXx 
^ 
Hr 


ears examined, according to the exams ` 
iner. As can be seen from the Table, - 


one otolaryngologist examined 364 ea 


Mears 2 
and the other examined 381 eárs:sAll | 
findings were validated by myringotós^ 


my. The otolaryngologists examined the 
same 251 ears independently to establish 
interobserver reliability. On February 
1, 1978, the two pediatricians entered in- 
to the study in order to validate their 
otoscopic findings and eventually to 
establish interobserver reliability with 
the two otolaryngologists. 


Interobserver Reliability and Valida- 
tion 


otoscory — The two otolaryngolo- 
gists (A and B) independently exam- 
ined 251 ears. Their otoscopic findings 
were classified as indicating either no 
OME (-), abnormal but no OME (+), 
or OME (+). The classification of ab- 
normal but no OME represented 
those ears in which the examiner con- 
sidered the ear to have high negative 
middle ear pressure (atelectasis), or in- 
flammation of the tympanic. membrane, 
or both, without obvious OME. Table 7 
shows the comparison of their diagnoses 
and findings at myringotomy., The two 
agreed on the diagnosis in 82% of the 
ears and were mutually correct in their 
diagnosis in 75% of the 251 ears. The 
abnormal ears without OME (=) rep- 
resented the equivocal choices. In those 
instances in which the two otolaryn- 
gologists were able to make a definite 
diagnosis (— or +), sensitivity and 
specificity were both relatively high 
(sensitivity 97% and 88% respectively; 
specificity 79% and 80% respectively ). 
In the 233 ears in which a definite diag- 
nosis could be made by the two observ- 
ers, agreement was 87%, and they were 


E A 
Se 


e. 
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TABLE 7. DIAGNOSIS OF OTITIS MEDIA WITH EFFUSION (OME) BY TWO 
OTOLARYNGOLOGISTS AND FINDINGS AT MYRINGOTOMY (N = 251 EARS) 











No OME (N = 95) 





Myringotomy Findings 
OME (N = 156) 





| Otoscopist B 








-— * -+ — + + 
Otoscopist A > — 63 5 7 3 1 2 
s + 0 1 0 0 2 1 
A eo 8 0 11 13 9 125 

~ (=) -No OME; (+) - Abnormal — No OME?; (+) - OME. Agreement in diagnosis = 

[683 + 1 -+ 11) + 2 + 125)]/251 = 205/251 = 82%. Mutually correct diagnosis = 


(3 h 
3 ++ 125)/251 — 188/251 — 7596. 


mutually correct in their diagnosis in 81% 
of cases. The overall sensitivity and 
specificity for the total ears examined by 
the two otolaryngologists are shown in 
Table.8, 5 + 3 


It should be noted that the popula- 
tion selected for validation and de- 
termining reliability of the two oto- 
scopists consisted of only children who 
had or had had OME and therefore 


most ears were abnormal in varying de- 


TABLE 8. SENSITIVITY AND SPECIFICITY 
OF TWO OTOSCOPISTS IN IDENTIFYING 











OME 
Otoscopist 
A B 
No. of Ears Examined 364 381 
Sensitivity % 94 81 
Specificity % 78 74 


grees. The sensitivity, specificity, and 
interobserver reliability of the two oto- 
scopists would have been much higher 
in an unselected population of children 
but unfortunately validation studies em- 
ploying myringotomy in such a popu- 
lation are not possible. 


: TYMPANOMETRY — Two investigators 
(E and F) independéntly classified the 
tympanograms from the first 187 ears 


and agreed on the variant classification 
in 166 cases (872) (Figure 2) and on 
the major classification (no OME, sus- 
pect OME, definite OME) in 181 
(97%). When the variants were further 
collapsed as described above into pre- 
dictors of the presence or absence of 
OME, the two investigators made the 
same prediction in 185 (99%) of the 
187 ears on the basis of tympanometry. 
For the remaining tympanograms, the 


TABLE 10. OVERALL SENSITIVITY AND 
SPECIFICITY OF OTOSCOPY, 
TYMPANOMETRY AND MIDDLE EAR 
MUSCLE REFLEX TESTING FOR 
IDENTIFICATION OF OME IN 425 EARS 











Tym- 
Otoscopy panometry Reflex 
Sensitivity % 92 94 91 
Specificity % 78 70 ol 


judgments of E were used as the predic- 
tor of the presence of OME. 


Validation of OME by Otoscopy, 
Tympanometry, and Assessment of the 
Middle Ear Muscle Reflex. Table 9 
shows the combined otoscopic, tympano- 
metric, and middle ear muscle reflex 
findings compared with the findings at 
myringotomy in 425 ears. If both oto- 
laryngologists examined a single ear, the 


TABLE 9. IDENTIFICATION OF OME BY THREE METHODS (OTOSCOPY, 
TYMPANOMETRY, AND MIDDLE EAR MUSCLE REFLEX) RELATED TO FINDINGS 
AT MYRINGOTOMY IN 425 EARS 














Otoscopy Tympanometry* Reflex 
Myringotomy 
Findings — E + — + P A 
No OME 131 4 34 120 49 87 82 
OME 14 6 236 14 249, 23 233 
*(—) - Variants 1-6, 9, 15; (+) - Variants 7, 8, 10-14. 


P - Present; A - Absent. 
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TABLE 11. OVERALL SENSITIVITY AND 

SPECIFICITY OF THE COMBINED TEST 

FINDINGS FOR THE IDENTIFICATION 
OF OME IN 425 EARS 











Tympan- 

Otoscopy Otoscopy | ometry 
and Tym- a and 

panometry Reflex Reflex 
Sensitivity % 87 92 87 
Specificity % 78 78 64 


otoscopic diagnosis of A was used for 
this analysis. The sensitivity and speci- 
ficity of the individual tests are shown 
in Table 10. Individually, otoscopy and 
tympanometry are more accurate than is 
the reflex in predicting whether or not 
OME is present, but as shown in Table 
11 combining otoscopy with either tym- 
panometry or assessment of the reflex 
improves specificity; the combination of 
tympanometry and assessment of the re- 
flex without otoscopy does not improve 
the predictive ability of the techniques 
to a reasonable specificity level. 


Algorithm for Identification of OME 
by Otoscopy, Tympanometry, and As- 
sessment of the Middle Ear Muscle Re- 
flex. Table 12 shows the combined oto- 
scopic, tympanometric, and middle ear 
muscle reflex findings compared with 
myringotomy findings in 425 ears. From 
this Table an algorithm is proposed for 
the identification of OME employing 
primarily otoscopy, tympanometry, and 
in certain instances assessment of the 
middle ear muscle reflex. As can be seen 
from Table 12, when the results of oto- 
scopy and tympanometry disagree, the 
reflex may be helpful in making a diag- 






OTOSCOPY 


CT YMPANOME TRY 


Fig. 5. Proposed algorithm for thetiden- 
tification of OME, based. .on otoscopy, 


tympanometry, and assessment of the 
middle ear muscle reflex, Tympanometry 
( —) is constituted by variánts: 1 to 6, 9, 
15 and tympanometry ( + ). is Gonstitüted 
by variants 7, 8, 10 to 14. A - Middle ear 
muscle reflex absent; P - Presence of mid- 
dle ear muscle reflex. The first number(s) 
in parentheses represents ears without 
OME and underlined number(s) are ears 
with OME. 


nosis. However, in those cases in which 
the reflex results disagree with those of 
otoscopy but agree with those of tym- 
panometry [ie, otoscopy (—), tym- 
panometry ( 4- ), and reflex absent], the 
probability of OME being present or ab- 
sent is about equal. Figure 5 is the pro- 
posed algorithm derived from the data 
analysis presented in Table 12. Accord- 
ing to the algorithm OME is identified 
according to the following criteria: 


CRITERIA FOR ABSENCE OF OME 


1. Otoscopy negative and tympano- 
metry negative, or 


2. Otoscopy negative in combina- 
tion with positive tympanometry 


TABLE 12. COMBINED OTOSCOPIC, TYMPANOMETRIC, AND MIDDLE EAR MUSCLE 
REFLEX FINDINGS COMPARED WITH MYRINGOTOMY FINDINGS IN 425 EARS? 





Test Findings 


Myringotomy Findings ` 








No OME OME ' ` Expectation from 
Otoscopy Tympanometry?? Reflex (N — 169) (N = 256): + Combined Results? 
— P/A 100 2 No OME 

= + P 18 1 

= + A 13 ll 

+ — P/A 18 14 

+ e P/A 1 0 ? 

+ + P/A 3 6 

+ + P/A 16 222 OME 


*See Algorithm. 


**(—) - Variants 1-6, 9, 15; (+) - Variants 7, 8, 10-14. 


P - Present; A - Absent. 
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TABLE 13. RELATION BETWEEN OTOSCOPIC PREDICTION AND FINDINGS AT 
sti ““ MYRINGOTOMY FOR THE OTOLARYNGOLOGIST (B) AND TWO 
SE PEDIATRICIANS (C, D) 














Myringtomy Findings 





l OME No OME 
Otoscopist No. Ears — zi + No. Ears — $ + 
B i . 29 0 2 27 22 5 15 2 
ES 27 1 0 26 20 5 0 15 
D 25 6 2 17 14 7 2 5 


results and present middle ear 
muscle reflex. 


CRITERIA FOR PRESENCE OF OME 


"s Uh Otoscopy positive and tympano- 
. metry. positive. 


OME.POSSIBLE 


l. Otoscopy negative, tympano- 
metry positive, and reflex absent; 
or 


2. Otoscopy positive and tympano- 
metry negative; or 


3. Otoscopy indefinite and tym- 
panometry positive or negative. 


The sensitivity of the algorithm was 87% 
and its specificity 70%. If 66 ears (15.5%) 
for which the results of testing were 
questionable were eliminated, the al- 
gorithm would have a sensitivity of 99% 
and a specificity of 88%. This method of 
exclusion might be feasible prior to en- 
try into clinical studies involving OME 
but would still be a problem when de- 
termining the presence or absence of 
OME at the various end points. 


It should be noted that this algorithm 
is derived from the findings of this study 
and therefore should be tested against 
another group of children. Nevertheless, 
it would appear that the combination 
of otoscopy (by. validated otoscopists), 
tympanometry, and assessment of the 
middle ear muscle reflex is a highly ac- 


TABLE 14. SENSITIVITY AND 
SPECIFICITY OF THE 
OTOLARYNGOLOGIST (B) AND TWO 
PEDIATRICIANS (C, D) IN IDENTIFYING 
OTITIS MEDIA WITH EFFUSION 








B C D 
Sensitivity % 93 96 68 
Specificity % 90 25 64 


curate way to detect the presence or ab- 
sence of OME. 


IMPROVEMENT OF OTOSCOPIC SKILLS 


The two pediatricians (C and D) 
who participated in the study during 
the last phase are full-time clinician- 
teachers in ambulatory pediatrics. They 
independently examined children and 
their findings were compared to those 
of one of the otolaryngologists (B) as 
shown in Tables 13 and 14. The sensitiv- 
ity and specificity of the two pediatri- 
cians were much lower than those 
of the otolaryngologist, but were based 
on their performance in the first three 
weeks of their training in expert pedi- 
atric otoscopy. The percentage of accu- 
rate diagnoses increased as the weeks of 
training progressed: this educational 
process employing comparison of oto- 
scopic findings, tympanometry and mid- 
dle ear muscle reflex and the findings at 
myringotomy was demonstrated by the 
high sensitivity and specificity attained 
by the otolaryngologist in the final 
stages of the study, compared to the 
overall percentages reported for the 
earlier part of the study (Table 8). 


UNANSWERED QUESTIONS 


In designing a prospective study of 
the effects of otitis meda on educational 
development, several questions related 
to the characterization and identifica- 
tion of the disease remain unanswered. 


Definition of Disease to Be Studied. 
Which types of otitis media are to be 
investigated? How should otitis media 
be classified? What are the precise defi- 
nitions of each type of otitis media? 
How can acute OME be differentiated 
from chronic OME? Is it important to 
establish whether an effusion is infected 
or sterile? Can tympanocentesis or my- 
ringotomy be used to validate the pres- 
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ence or absence of OME and the spe- 
cific type of OME if present, or will 
the procedure be a confounding vari- 
able or its performance unethical? 
Which conditions (eg, high negative 
middle ear pressure) related to otitis 
media indicate increased risk of devel- 
oping active disease, and which condi- 
tions (eg, scarring or tympanosclerosis 
of the tympanic membrane) are se- 
quelae of past disease and indicate low 
risk of future active disease? What are 
the normal limits of negative middle ear 
pressure related to age? What is the 
significance of high negative middle 
ear pressure? 


The answers to these questions are 
important in defining the disease to be 
studied and in determining the frequen- 
cy of observations needed to determine 
the presence or absence of active dis- 
ease over a prolonged period. 


Frequency of Observations. How of- 
ten should the subjects be examined? 
Should the number of observations be 
more or less frequent depending upon: 
age of the subject, race, season of the 
year, condition of the ear at the last visit, 
past disease pattern, or history? Should 
children with high negative middle ear 
pressure be examined as often as or less 
frequently than those with OME? 
Should children with retraction pockets 
or severe atelectasis be observed more 
frequently than those with OME? How 
often should children who have had 
normal ears be examined? 


Identification Procedures. What is the 


most feasible and accurate method(s) 
of identifying otitis media in different 





age groups? Do all evaluations have to 
include otoscopy or can only tympano: ^ 
metry and possibly assessment: of: the 
middle ear muscle reflex be used to fól- 
low certain conditions? (If the latter 
were true, children who had normal ears 
over a. prolonged period- could. be: 
screened frequently by. middle ear im- 
pedance assessment.) In children whose 


ears have active disease, and who must . ` 


then be examined by otoscopy, must * 
impedance measures always be included 
in the examination, or only. when, the * 
otoscopic diagnosis is in doubt? . :^ * 


What levels of sensitivity and speci-' 
ficity for each of the methods of identi» ` 
fication of otitis media are acceptable? 
What level of interobserver reliability is 
acceptable? Should all instrumeiits em- 
ployed in the examinations be of the^ 
same type and model? Which instru- 
ments are likely to give the same results 
(for example, can more than one type 
of impedance instrument be used in one 
study)? 

CONCLUSIONS 


Although our knowledge of the eti- 
ology m pathogenesis of otitis media 
is limited, and our methods of identi- 
fying it imperfect, a reasonable classi- 
fication of otitis media can be devel- 
oped, acceptable definitions and charac- 
terizations of the conditions can be es- 
tablished, and the diagnosis can be made 
by existing, noninvasive methods. How- 
ever, the methods of identification must 
be validated and the professionals. in- 
volved must have established an accep- 
table level of interobserver reliability 
before a study is initiated. 
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OTITIS MEDIA AND CHILD DEVELOPMENT - 
DESIGN FACTORS IN THE IDENTIFICATION AND ASSESSMENT OF HEARING LOSS 


DrewziL N. Brooxs, MSc, PhD 


MANCHESTER, ÉNGLAND 


Otitis media with effusion (OME) is the major cause of auditory dysfunction in preschool 
and early-grade schoolchildren. At especially high risk are children with cleft palate/lip; some 
groups of mentally retarded children; children trom underprivileged communities and ‘children 
with severe or profound sensorineural hearing loss. In neonates the major concern is to iden- 
tify those with severe sensorineural hearing loss but awareness of the likelihood of OME is also 
vital. The hearing loss associated with OME in its early stages may be as small as 10-15 dB 
and in consequence conventional hearing tests employing pure tones are inadequate as screen- 
ing procedures, Acoustic impedance testing has proved to be a practicable, acceptable, sensitive 
and efficient method of identification of OME in infants and children, Impedance measurement 
cannot, as yet, provide accurate assessment of hearing loss, but this is probably not.a serious 
drawback. The primary requirement is to detect OME in order that. swift and effective treat- 
ment can be instituted. xS 


I. STUDY POPULATION neural hearing impairment. Fortunately, . 
this condition is rare. Barr et al' re- 
viewed six studies on identification of 
deafness in neonates, the total number 

A. Children without any overt devel- of infants involved being 102,000. The 
opmental abnormalities and from the incidence of hearing loss overall was 
mainstream of society. These may be 0.07%, the range in the six studies being 
subdivided by age into four loosely de- from 0.02 to 0.14%. However, Jaffe? has 


For practical purposes, children may 
be divided into two main groups: 


fined groups: pointed out that conductive hearing 
losses have not received the same at- 

l. Neonates. tention as sensorineural loss, partly be- 
2. Preschool children. cause neonates ears are not routinely 


examined, partly because there is a lack 

3. Children in their first years at of concern with mild and moderate con- 
school. ductive losses and partly due to the in- 
, ability of conventional test procedures 

4. Older children. to detect this type of loss. Levin? adds 
B. Special populations of children a further reason in what he terms "stom- 
having higher probabilities of hearing ach fixation." He states, "Man doctors 
impairment. These special populations and mothers, when presented with a ¢ 


are: baby, healthy or ill, contented or crying; 
TES tend to interpret situations in terms of 

1. The severely hearing impaired. the infant’s abdomen or what goes into 

9 ee R it. The baby is viewed as*a kind of ex- 
2. The cleft palate/lip child. tended abdomen, and noise from either 
3. Mentally retarded children. end is believed to indicate, something 


wrong within the gut, rather than within 
the brain or ear." He found that of 66 
infants less than 12 weeks of age pre- 
II. MAJOR AUDITORY CONCERNS IN Me with unusual or excessive crying, 
EACH GROUP 9 had otitis. Three had other conditions 

that might have contributed to their dis- 
A.l. The major concern usually ex- tress, but six were otherwise normal. All 
pressed regarding the hearing of neo- the 66 mothers had suspected a stomach 
nates is the possibility of severe sensori- disorder; none had suspected the middle 


4, Children from  underpriviledged 
communities. 


From the Manchester Audiology Clinic, Manchester, England. 
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~ ear. Ina study carried out by Jaffe et al* 
"thé tympanic membranes of 101 new- 
bern Navajo Indian children were exam- 
‘ined with pneumatic otoscopy. Poor 
mobility suggestive of middle ear mal- 
function was observed in 18, 7 of whom 
were premature and 4 of whom had had 
birth complications. The mobility re- 
, mained poor.at follow-up six weeks 
^ Jater. Thus 18% of the neonates appeared 
to have abnormal middle ear function 
at birth. A further 18% developed middle 
ear. malfunction within. seven months. 
Although this is a. special population, the 
- findings should alert us to the possibili- 
ties of middle ear disorders in “normal” 
neonates, 


‘A.2. Studies carried out in Poland on 
over 12,000 children indicate that in in- 
fants. and young children conductive 
hearing losses are far more common than 
sensorineural losses. The ratio of con- 
ductive to sensorineural losses was 17:1 
in infants aged 8 to 12 months, and 11:1 
in children aged three to five years. 
Howie® found in his pediatric practice 
patients that 67% of children had an ini- 
tial episode of otitis before the age of 
two. Fourteen percent were described 
as “otitis prone” in that they had six or 
more bouts of acute otitis media by the 
same age. Klein’ reported that more 
than 10% of children seen at the “walk- 
in” clinic at Boston City Hospital dur- 
ing a two-month period in 1973 had 
otitis media. The highest incidence oc- 
curred in infants aged from 4 to 12 
months and in this age group almost a 
quarter had. otitis media. Support for 
such a high level of middle ear involve- 
ment comes from the paper of Kessner 
et al.* They suggest that 30% of all chil- 
dren between age six months and three 
years have evidence of middle ear dis- 
ease. Fiellau-Nikolajsen et al* studied 
509 three-year-old children with tym- 
panometry and found that 9.8% had flat 
tympanograms usually associated with 
middle ear effusion. In four-year-old 
children, Köhler and Holst again 
found that conductive hearing loss far 
outweighed sensorineural loss in fre- 
quency. They tested 2,414 children with 
pure tone audiometry, with a 98.9% suc- 
cess rate, Those failing the first test at 20 
dB HL were put on decongestant treat- 
ment and then retested after 2-3 weeks. 
Of the referrals 22.5% were found to be 


within normal limits, 7% failed to attend. 
Appearing to have sensorineural hearing 
loss were 3.8% and conductive loss 67%. 
Thus conductive loss was around 18 
times as common as sensorineural loss. 
In infants and preschool children, then, 
the major problem appears to be con- 
ductive hearing loss arising primarily 
from otitis media with effusion. Between 
10 and 30% of children are affected to a 
greater or lesser degree. Sensorineural 
hearing loss occurs in this population 
with a much lower frequency, but must 
nevertheless be borne in mind in decid- 
ing how infants and young children 
should be tested. 


A. 3. In a study in Nebraska, Carp"! 
examined the hearing test records of 
about 11,000 children who had had pure 
tone screening tests. Six hundred forty- 
eight children (5.9%) failed and of these 
82% were described as conductive losses 
and a further 5% as mixed, having a con- 
ductive component as well as some sen- 
sorineural loss. 


Weber et al'? examined the results of 
testing of 1000 children who failed a 
school screening program, the total pop- 
ulation tested being around 30,000. In 
the 6-7 year age range 65% of the fail- 
ures were classified as being conductive 
in type. Fifteen percent had slight high 
tone losses only and the remainder had 
broad spectrum sensorineural losses. The 
figure of 65% conductive losses agrees 
reasonably well with that obtained by 
Fabritius’? who reported on his investi- 
gations over a number of years in the 
Norwegian county of Trondelag. All 
children were screened at a level of 30 
dB HL and failures were examined by 
an otologist. Seventy percent of detect- 
ed losses were attributed to otitis media 
or its sequalae. A similar conclusion was 
reached by Robinson et al'* after test- 
ing 6,035 children in grades 1 to 6 in 
Vancouver. Prevalence of hearing loss 
of 15 dB or greater in one or both ears 
averaged over the five frequencies 250- 
4000 Hz, was greatest in grades 1 to 4, 
exceeding 4% of the population screened. 
Approximately 60% of the hearing losses 
were attributed to secretory otitis media. 


Another study reaching a similar con- 
clusion was made in Northern Ireland 
where Harvey and Wilmot'? analyzed 
the admission records of children seen in 
the ear, nose and throat departments 
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of two hospitals which gave exclusive 
service to the populations of County 
Tyrone and the city of Londonderry. 
The records covered periods in excess 
of ten years. The peak incidence of hear- 
ing loss observed in these children was 
at age six. Eighty percent of the de- 
tected losses were of lesser severity than 
35 dB and conductive in type. 


All the studies referred to employed 
pure tone audiometry as the primary 
method for examining the children. 
However, the work of Eagles and his 
colleagues!" clearly showed that a con- 
siderable amount of conductive deafness 
was not uncovered by this mode of test- 
ing. Eagles stated "that an unpredicted 
and startling 61% . . . of the otoscopically 
abnormal children . . . had hearing sensi- 
tivity in the normal range." The proba- 
bility is then that not less than 90% of 
hearing impairment and auditory sys- 
tem abnormality in early school age chil- 
dren is of the conductive type and of 
mild degree. Provided the infant and 
preschool screening tests have been ade- 
quately performed there should be few 
cases of sensorineural hearing loss. Nev- 
ertheless, because of the irreversible na- 
ture of this type of loss, testing pro- 
grams must be designed with this pos- 
sibility in mind. 

A.4. Middle ear disease appears to 
diminish as a cause of hearing impair- 
ment after the age of six or seven years. 
A small percentage of children will suf- 
fer from the after-effects, possibly into 
their adult life. In older children sen- 
sorineural hearing loss is possibly the 
major problem with noise exposure be- 
ing a not infrequent cause. In 14-year- 
old children Borkowska-Gaertig® found 
that the prevalence of sensorineural loss 
was more than double that for conduc- 
tive hearing loss. In this age range men- 
tion should also be made of nonorganic 
hearing loss (functional hearing loss). 
Doerfler” first drew attention to this as 
a problem and suggested that the inci- 
dence might be as high as 5% in clinic re- 
ferrals. Alertness to the possibility of 
nonorganic loss is essential in order that 
the right treatment might be given to 
the children with this problem.'* 


B. 1. There has possibly been in the 
past the belief that for the child with se- 
vere or profound deafness there was lit- 
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tle need for medical examination: be- 
yond the first identification of the loss: . 


There seemed to be the unexpresséd.. 
idea that nothing further, nothing worse 


could befall the child. Unfortunately 
this is now known not to. be true. The 


child with sensorineural loss. is not im- - 


mune from the middle ear disorders that 


affect children with normal hearing, in-. 
deed it is possible that the child with: 


severe or profound loss may be at great- 
er risk than thé normal: hearing. child. 
Tucker'? found that 22.6% of children at 
a residential school for the deaf were 


suffering from conductive lesions. Keat- : 


ing et al^ using a combination of oto- 
scopy and ; 
found that 22% of children aged between 
5 and 17 years in a school for. the'deaf, 
evidenced abnormal middle ‘ear furic- 
tion. Porter?! tested 79 children aged be- 
tween six and ten in a residential school 
and found 18 (23%) with abnormal mid- 
dle ear function. Brooks?? tested 306 
children in two residential schools for 
the deaf. He. found that the prevalence 
of middle ear abnormality at age five 
was the same as that in a normal school 
population. However, with increasing 
age the rate of decline was slower than 
in normal hearing children, and the re- 
sidual percentage of middle ear abnor- 
mality was higher. Newall? also found 
around 20% abnormal middle ear func- 
tion in children in schools for the deaf. 
Thus, five studies agree closely that ap- 
proximately 20% of children with severe 
or profound hearing loss also have a con- 
ductive overlay that requires detection 
and treatment in order that the handi- 
capped child might function at his best, 
and that amplification might, be most ef- 
fectively employed. o 


B. 2. Pannbacker?: reviewed the find- 
ings of 22 authors on incidence of hear- 
ing loss in children with cleft palate. The 
sizes of the groups studied ranged from 
30 to 401 and the percentage of hear- 
ing impairment observed ranged from 
10 to 90%. Some of the studies suggested 
therefore that a high incidence of hear- 
ing impairment is associated with the 
cleft palate condition. More recent stud- 
ies have borne out this conclusion. Litton 
et al? noted physical signs of otitis me- 
dia in 722 of 134 young cleft palate pa- 
tients. Soudijn’? examined 132 babies 
with cleft palates over a period of 12 


impedance measurement . 


« 
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‘months ‘and observed fluid in the middle 
ear 195 ‘times, In 90 of the children it 
was bilateral and in a further 15 uni- 
lateral. Of the 195 ears with effusion, 
. 169 had “glue,” 22 were filled with a 
serous effusion and in six the fluid in the 
middle ear was purulent. Paradise** sup- 
ports the findings of Soudijn and con- 
cludes that middle ear effusion is “an al- 
most universal condition” in infants with 
unrepaired cleft palates. l 


The situation appears to be markedly 
better if the palate is repaired at an early 
age. Möller?’ states that in Norway cleft 
palate babies are hospitalized for three 

. to four months for lip and hard palate 
closure as appropriate. The soft palate 
is closed. later at around two years of 
age. A detailed follow-up system is in 
operation at ages 6 to 15 years. Of 113 
children so studied, only 19% indicated 
middle ear effusion at age 6 and 8% at 
age 15. In the six-year-old children 51% 
were classed as having hearing within 
normal limits, and only 6% as having 
hearing loss of over 30 dB. By 15 years 
of age the percentage with hearing loss 
exceeding 30 dB had fallen to 2%. 
Jarvis? reports on 350 children treated 
at Cape Town and followed up for sev- 
en years. The overall incidence of mid- 
dle ear disease was 60% with a peak 
occurrence at six years of age, as in phys- 
ically normal children. Jarvis states that 
at least half the children will have a 
hearing loss of 20 dB at some time and 
35% are likely to have a permanent de- 
fect. He supports Móller in stating that 
early treatment will produce a marked 
reduction in hearing loss over the educa- 
tionally vital years. 


B.3. Jordan?* suggested, but did not 
support with any data, that hearing loss 
is very common in retardates. Brooks 
found a 15% incidence of mild to moder- 
ate. hearing..loss in 222 testable re- 
tardates aged between 0 and 16 years.* 
Hearing loss was found much more 
frequently in subjects with Down's syn- 
drome than in other retardates in the 
same institutions. 


Fulton & Lloyd? tested 79 children 
with Down's syndrome and found that 
in the 77 testable subjects only 58% had 
hearing levels equal to or better than 25 
dB HL. Conductive hearing loss was 





*Unpublished study. 
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present in 22% and a mixed lo 
Over 30% had, therefore, a cc 
component to their hearing lo 
further 9% had sensorineural los 


Brooks et al? compared hea 
middle ear function of 100 subj: 
Down’s syndrome with 100 a 
sex-matched subjects from the 
stitutions for the mentally su’ 
Conductive and mixed deafn 
three times as prevalent in the 
syndrome group as in the cont 
the indication from the acoustic 
ance testing was that the hea 
pairment stemmed from middk 
fusion. In Down’s syndrome 
over the age of 21 there was a r 
higher rate of sensorineural hea 
than in the matched controls, : 
possible that this may be a c 
secondary to the middle ear effi 


B.4. Fay et al? audiom 
screened 461 children aged fron 
years from “an extremely disadv 
inner city population." The fail 
was 28.9%. However, the true ir 
of auditory malfunction was mc 
ably considerably higher. O 
examination of children who pa 
screening test was abnormal in 
the subjects suggesting a true rai 
pairment of around 444. The 
screening failure rate for childr 
from 6 to 11 years in this study \ 
considerably higher than the 3.5 
in the 6 to 12-year-olds exam 
Robinson et al, or the 5.9% fc 
Carp"! in 11,000 school childern 
compare with the 31% hearing 
ment in Australian aboriginal 
reported by Lewis,?* who also nc 
of the children who passed tl 
tone test 59.1% were otoscopic 
normal. Comparison can also b 
with the study of Doyle and Mc 
in native Indian children in Bri 
lumbia, aged from one montl 
years. In the 5 to 17-year rangt 
the children failed the aud 
screen. Below five years of age 7! 
not be tested with pure tone 
metry, but 20% were otologic: 
normal. The most common dise 
serous otitis media, this being { 
16.5% of all children under five 
age. McCandless’? reported on 
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ing tests for middle ear disease car- 
ried out on the Wind River Indian Re- 
servation. Approximately 13% of the 657 
children tested failed the pure tone 
screen, but once again it was noted that 
many children with otological indica- 
tions of serous otitis media passed the 
pure tone screen. In the three to eight 
year range it was estimated that 15 to 
20% of the children had otitis media. Bax- 
ter and Ling found otitis media and 
conductive hearing loss were major 
problems in Eskimo children, a preva- 
lence of 13 to 19% being observed in 
some settlements. The children in the 
socially or economically deprived groups 
appear from these studies to have a con- 
siderably higher prevalence of middle 
ear disorders, particularly otitis media, 
than do children from less disadvan- 
taged communities, this being in addi- 
tion to the other auditory disorders that 
affect infants and children. 


APPENDIX TO SECTION II 


DEGREE OF HEARING LOSS 
ASSOCIATED WITH MIDDLE EAR 
EFFUSION 


Goodhill® experimented with cats, filling 
the bulla of the middle ear with fluids of dif- 
ferent viscosities and determining the change 
in auditory threshold from the cochlear micro- 
phonics. With thin, watery fluid the change 
was, by air conduction, some 12 dB in the low 
frequencies and 17 dB in the high frequencies. 
There was no effect on the bone conduction. 
With increase in viscosity the loss increased 
slightly. With fluid like thick motor oil, a flat 
loss of some 20 dB was obtained by air con- 
duction and a small low frequency loss was 
observed in the bone conduction. When the 
fluid became extremely viscous, like the glue 
in "glue-ear," the loss rose to possibly 30 dB 
by air conduction with a bone conduction loss 
of 15 dB in the low and 5 dB in the high 
frequencies. 


In the Pittsburg study," the hearing loss as- 
sociated with children whose eardrums showed 
clinical signs of middle ear effusion described 
as "impaired mobility, discoloration and retrac- 
tion of the tympanic membrane" was a fairly 
flat loss, by air conduction, of about 13 dB. 
Kearsley and Wickham? measured the change 
in hearing threshold following myringotomy 
and paracentesis. One day after operation this 
was on average 18.8 dB, falling to 15.4 ten 
days after the operation. The standard devia- 
tion in this measurement was about 10 dB. A 
different approach was that of Harbert et al^ 
who measured the air bone gap change brought 
about by paracentesis. This again was fairly 
flat over the range 250 to 4000 Hz and av- 
eraged 17.8 dB with a standard deviation of 
9.8 dB. 


In a clinical trial of the effectiveness óF 
grommets in the treatment of middle ear ef- 
fusion, Richards et al“ found that the ‘change 
brought about in hearing level by grommets 
alone was 15.1 dB and by myringotomy alone 
13.4 dB. The difference between the two was ` 
not significant and averaged 14.3. dB. An in- 
ference can be drawn from the study by Cohen 
and Sadé.* The hearing thresholds of 408 chil- 
dren with middle ear effusion were measured. 
The authors comment, that 50% demonstrated 
"normal" thresholds when tested by PTA 
screening at a pass level of 25 dB. The aver- 
age hearing level indicated was approximately 
25 dB. Assuming the children to be about six < 
years of age on average, and hence having a 
"normal" threshold (Appendix to Section IV ) 
of about 6 dB, the additional hearing loss at- 
E pm to middle ear effusion is about 19 


, Brooks" measured the hearing of.199 chil- 
dren aged from three to ten before.and after 
treatment for middle ear effusion. 'The changes 
were, at 250 Hz - 14 dB; at 1000 Hz - 14 dB 
and at 4000 Hz - 16 dB; the average change 
was 14.7 dB. The standard deviation was 8 
dB, and the range (averaged over the three 
frequencies) was from 5 dB to 37 dB. 


From these studies it may be concluded that 
the hearing loss secondary to effusion in the 
middle ear averages 15 to 20 dB with a stan- 
dard deviation of around 10 dB. Children with 
this condition may, audiometrically, exhibit 
neni impairment from 0 dB to around 40 
dB 


Audiometry employing air conduction tests 
only, cannot be cipe ted to detect all, or even 
the majority of ears with effusion, particularly 
in young children whose auditory thresholds 
cannot be assumed to be identical with adult 
thresholds ( Appendix to Section III). 


III. HOW CAN HEARING LOSS BE 
IDENTIFIED IN EACH GROUP 


A. 1. Tests for gross hearing loss may 
be perforned by producing acoustic 
stimuli of the order of 90 to 100 dB SPL 
with high frequency narrow band noise 
or warble tone as the preferred stimulus. 
Broad band noise is an optional extra. 
The prestimulus state. of the infant is 
most important. Light sleep is preferable 
though the test may be carried out in 
deeper sleep. Acceptable responses must 
be clearly defined and obtained at least 
twice in three stimulus presentations. 


A comprehensive description of in- 
fant testing is provided by Northern 
and Downs.** 


Obviously the costs involved in screen- 
ing every neonate are high and can only 
be justified if the test is highly efficient, 
that is, if virtually every child with se- 
vere auditory deficiency is detected and 
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there are few errors, either false posi- 
tive or false negative. Barr et al' re- 
viewed six extensive studies on neonatal 
screening. The average false positive 
rate was 2.7% ranging from 1.5 to 6% 
compared to a detection rate of 0.07%. 
The percentage of false negatives in four 
of these stades ranged from 1 to 19%. 
In two studies it was not stated. Un- 
doubtedly a substantial number of in- 
fants passed the screening tests who 
later proved to have severe hearing loss- 
es, although some of these might have 
developed subsequent to the testing. In 
view of these limitations the concept of 
total screening is not presently regarded 
as practicable and economic. 


A proposition for increasing the cost 
effectiveness of the method was that 
only infants defined as “at risk” should 
be screened, and to this end the Joint 
Committee on Infant Hearing Screen- 
ing (1974) issued a set of criteria for 
identifying infants as “at risk.” Men- 
cher** studied 10,000 infants and was 
able to follow up 80% over a period of 
two years. Hearing tests were performed 
at ages 1, 3, 6, 12, 18 and 24 months. 
Nine children were finally identified as 
hearing impaired (0.092), and two of 
those who were on the high risk regis- 
ter, passed the initial screen. Hirsch and 
Kankkunen‘? reported on high risk 
screening in Gothenburg. Examined 
thoroughly were 362 children who either 
had a high risk history or suspicion of 
deafness. Ten were ultimately (after 
three years) identified as hearing im- 
paired but in three of these hearing im- 
pairment was not diagnosed until the 
age of 22 to 33;months. The authors con- 
clude that, though initial screening from 
a high risk register is valuable it must be 
supported;by.further screening at a later 
stage. An altéfnative to employing hu- 
man testers is to observe autonomic 
functions instrumentally and employ pre- 
determined decision criteria. Simmons, 
working on this concept, devised the 
Crib-o-Gram.® This is an automated 
system which monitors the infants ac- 
tivity, respiration and pulse over a num- 
ber of periods during each of which a 
test stimulus is delivered. Changes in the 
measured functions can be scored, and 
ultimately the decision of normal or ab- 
normal might be made by suitable 
choice of criteria. 


Bennett** has produced and tested a 
similar system which, in addition to ac- 
tivity, pulse and respiration, monitors 
movement of the infant's head relative to 
the body (especially lifting or throwing 
back of the head). This system also is 
designed for full automatic control with 
microprocessors. 


However, even if these automatic sys- 
tems do prove to be satisfactory, two 
problems remain. There are children 
who pass the early screen and yet are 
shown later to have severe hearing loss. 
This may be due to the hearing loss de- 
veloping after the immediate neonatal 
period, or it may be due to deficiencies 
in the testing. The second problem is 
that all the tests so far considered, test 
only for severe and profound hearing 
loss. The observation by Jaffe? that con- 
ductive losses in neonates have not re- 
ceived adequate attention has already 
been noted. Admittedly, as Shurin et 
al** report, there are special difficulties 
in observing the tympanic membranes of 
neonates, and experience is vital in de- 
termining abnormality, but within the 
last few years an alternative to otologi- 
cal examination has begun to emerge. 
Keith? demonstrated the practicability 
of testing neonates with an acoustic im- 
pedance meter. Unfortunately he found 
that only around 30% of normal hearing 
infants produced middle ear muscle re- 
flexes. Hence, absence of reflexes could 
hardly be regarded as indicative of hear- 
ing loss. Tympanometry might be an al- 
ternative possibility for detecting middle 
ear effusion, but both Keith?" and Ben- 
nett! observed that many neonates pro- 
duced abnormal tympanograms during 
the first few hours of life, although these 
did change to normal after several hours. 
Provided impedance testing is not per- 
formed during this very early period, 
there is a reasonable probability of us- 
ing this technique for detecting middle 
ear disease in neonates. Shurin et al? 
found the procedure was practicable, 
but that standards are needed for neo- 
nate middle ears. 


Checking the middle ear function is 
particularly important in premature in- 
fants and those in intensive care. North- 
em”? reports that in a study carried out 
at Colorado Medical Center 28% of neo- 
nates in intensive care had suppurative 
otitis media. Northern also sounds a 
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warning regarding the routine treatment 
of these children with gentamicin/kana- 
mycin. Both drugs are known to be oto- 
toxic and could possibly be a source of 
iatrogenic hearing loss in infants. 


A. 2. In the early 1940s the Ewings in 
England started to provide short train- 
ing courses for Health Visitors in order 
that all infants might be tested at an 
early age. Pure tone testing is not practi- 
cable and distraction tests are frequently 
employed to assess the presence of hear- 
ing loss. In order to pass these tests the 
infant is required to respond by turning 
to low and high pitched sounds quietly 
presented out of sight on each side. 
Ideally these screening tests are per- 
formed at around nine months of age 
and at a level of approximately 35 dB. 
It is vital that the testers be monitored 
regularly in that there is a tendency 
otherwise to increase the stimulus 
level.5? 


A more formalized and comprehensive 
technique for testing infants was devel- 
oped by Stensland Junker et al°* and has 
recently been critically evaluated.' The 
BOEL test evaluates the child's ability 
to localize sounds produced by small 
hand-held bells. Thirty thousand chil- 
dren were tested and 1,500 were sus- 
pected of having some type of com- 
munication disorder. Of these 450 were 
thought to be hearing impaired. This 
suspicion was confirmed in 20, but in 
later follow-up studies a further 12 chil- 
dren were found to be severely hearing 
impaired. Seven of these were thought 
to have had a progressive hearing loss 
not present at the time of the first test: 
the other five false negatives were as- 
cribed to errors in administration of the 
test. Of the 20 children detected by the 
BOEL test, five were already suspected 
as hearing impaired by their parents. 
Secretory otitis was thought to be the 
probable explanation for the majority 
of the test failures not confirmed as hav- 
ing hearing impairment on follow-up. 


The fact that five of the children were 
already suspected of being hearing im- 
paired by their parents is worthy of com- 
ment. Parental suspicion has tended to 
be greeted with scepticism by doctors 
and even by involved professionals. A 
study by Luterman and Chasin’ found 
that among parents of severely and pro- 


foundly deaf children the suspicion that 
hearing was defective occurred “at a 
mean age of 12.3 months. Professional 
confirmation was not obtained until a 
mean age of 19.7 months. Obviously 
more attention needs to be paid to the 
observations of parents, particularly be- 
cause at this age there is presently no 
method of gaining access to every child 
so that effective comprehensive hearing 
screening can be carried out. Although, . 
as has been noted, courses exist in the ^ 
United Kingdom for the training | of 
Health Visitors in screening of young ba- ^ 
bies, much deafness still remains unde- 
tected for too long. A recent report from 
one school for deaf children indicated 
that only 24% had been diagnosed ‘by 
one year of age." Twenty-nine percent 
had been diagnosed between one and 
two, 25% between two and three, and 
10% between three and four years. By 
five years of age 92% of all children had 
been diagnosed, or conversely 8% still 
had not been accurately diagnosed. 


Even if the means existed for mak- 
ing all children aged three or four years 
available for hearing testing, some ma- 
jor problems still exist. What is the 
normal threshold of hearing for a child 
at three or four years age? What degree 
of variability is to be accepted in the 
normal threshold, and at what level may 
it be regarded as indicative of a hearing 
loss. In the Appendix to this section an 
estimate of threshold change with age 
is made, and also some indication of 
the range of hearing expected from nor- 
mal five-year-old children. Most prob- 
ably the normal range for’ younger 
children would be wider than, for the 
five-year-olds. From this. data it is evi- 
dent that detection of mild hearing loss 
bv audiometric procedures is. fraught 
with difficulties. ve - 

In view of the indications that con- 
ductive hearing impairment is consider- 
ably more common than sensorineural 
impairment in preschool children, acous- 
tic impedance measurement should al- 
ways be performed when auditory im- 
pairment is suspected. If normal middle 
ear function is indicated. then a hearing 
test suitable to the child's age and ma- 
turity may be employed to determine 
the presence or absence of hearing loss 
(distraction testing up to about 18 
months; cooperative testing up to about 
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2/5 years; performance tests and possi- 
bly play audiometry from 2X years and 
up). The practicability of impedance 
testing in this population was clearly 
demonstrated by Paradise et al in a 
study: of 280 children aged between ten 
days and five years. Tympanometric 
curyes were obtained in 531 ears. A fur- 
ther 19 had either perforation or indwel- 
ling tympanostomy tube. In only ten 
ears, was it not possible to perform the 
_test due either to inability to seal the 
“ear canal or inadequate cooperation 
from the subject. Hence, a 98% success 
rate was achieved in testable ears. This 
compared. well with the 98.7% achieved 
by -FiellatsNikolajsen et al? in three- 
“year-old children, and the 92.3% success- 
ful test obtained by McCurdy et al in 
children aged 3% to 4 years. 


The correlation between tympanomet- 
ric predictions and the presence or ab- 
sence of middle ear effusion was shown 
in the Paradise study, to be of the order 
of 88% (depending on the definition of 
tympanometric types). 


Brooks? achieved an accuracy of at 
least 87% and possibly as high at 95% in 
prediction of middle ear effusion in a se- 
ries of 120 children aged from 3 to 11. 
Fraser achieved an accuracy of al- 
most 99% in a study where impedance 
testing was performed immediately be- 
fore the myringotomy and paracentesis. 


Grimaldi® has, by contrast, suggested 
that impedance testing alone is only pre- 
dictively accurate in cases which are 
otologically clear-cut. Haughton" and 
Williams and Haughton*? state, as a re- 
sult of a very careful examination of the 
findings. in children, where the otoscopic 
diagnosis was uncertain, that tympano- 
metry resolved the uncertainty with an 
accuragy of 88% for dry ears and 85% for 
ears with ‘effusion. 

In summary,* with babies and pre- 
school children there is a high depen- 
dence on the parents capacity to observe 
' the child's reaction to sounds, and any 
child suspected of hearing loss by the 
parents should be tested. The impe- 
dance bridge is one of the most valuable 
instruments in this age group, having 
been shown to have a high accuracy in 
detecting middle ear effusion. In the 


*Fraser GW: Personal communication, 1976. 


event of negative middle ear findings 
(otoscopically and/or by impedance) 
hearing testing by behavioral methods 
is advocated. 


A. 3. In the first annual report of the 
Chief Medical Officer of the Board of 
Education, it was stated that tests of 
hearing should be applied only in a gen- 
eral way, and furthermore that "it is not 
usually practical during the routine 
examination of large numbers of chil- 
dren to test accurately the exact con- 
dition of the hearing capacity of a child 
and, indeed, such a procedure can hard- 
ly be said to be necessary." It was how- 
ever felt that "it is important that a care- 
ful examination be made of all children 
in whom there is any reason to suspect 
defective hearing.” Implicit in this 
philosophy was the idea that hearing 
loss af any educational consequence 
would be suspected by those in author- 
ity. 

Fiedler in 1949** assessed the abilit 
of teachers to identify children with 
hearing impairment. The teachers ac- 
curately identified 41 children with im- 
paired hearing in a study population of 
1,180. Unfortunately they failed to iden- 
tify 42 of the 83 shown by pure tone 
testing to have hearing loss, and at the 
same time overidentified 310 children 
as hearing impaired who were shown to 
have normal hearing. More recently 
Kodman® found that teachers were able 
to accurately identify 75% of losses in 
the moderate to severe range. 


However, in the mild to moderate 
type of hearing loss their accuracy, and 
also the accuracy of parents, was little 
better than chance. By the 1930s the 
whispered voice test had largely been 
superseded by the gramophone audio- 
meter. It is interesting to note that 
Groen** demonstrated that if carefully 
administered, the accuracy of whispered 
voice testing in five-year-old children 
compared favorably with pure tone au- 
diometry. A major step forward in the 
testing of hearing on a mass scale in 
schoolchildren was the introduction of 
the pure tone audiometer. Newhart“? 
carried out one of the first extended 
studies testing 6,344 children in Minne- 
apolis. Almost 20% had some defect in 
hearing, though only 5.4% showed signi- 
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ficant losses below 4 kHz. As early as 
1944, however, one of the problems of 
pure tone screening emerged in the 
study of Peterson.** Over 3,000 children 
were screened at a level of 20 dB 
ASA. The number failing the test was 
738, and 571 of these were re- 
screened. Almost half passed the re- 
screen (277 = 48.5%) giving a corrected 
false positive rate of 10.5%. The Ameri- 
can Public Health Association in the 
document on “Services for Children with 
Hearing Impairment” indicated that 
there was likely to be a 10-20% first time 
screening failure rate, due to immaturity, 
excitement, lack of concentration, lack of 
experience, misunderstanding of direc- 
tions or hearing loss — but did not sug- 
gest what percentage of the total fail- 
ures would be attributable to genuine 
hearing loss.®? 


A second problem in pure tone screen- 
ing has long been recognized in environ- 
mental noise. Harrison’ sampled the 
ambient noise in 13 schools and found a 
median level of 44 dBA with prolonged 
periods of over 50 dBA and peaks up to 
60 dBA. When clinical testing was car- 
ried out with an artificial background 
noise level of 55 dBA, only 30 out of 32 
normal hearing children passed the 
screening test. A more recent study? 
indicated that the noise levels in schools 
built to the "open plan" were consider- 
ably higher than those tested in Harri- 
son's studv. In one school, the average 
level was 68 dBA with a range from 62- 
74 dBA, and in only one room was the 
level less than 50 dBA — the headmast- 
ers office. A possible approach to this 
problem was suggested by Tillis and 
Wall’! who proposed the use of audio- 
cups. In their study it was found that 
use of these cups attenuated the back- 
ground noise by 12 dB at 500 Hz and 8 
dB at 1000 Hz. This degree of attenua- 
tion might be adequate in a quiet school, 
but would be ineffective in the school 
evaluated by Byran! 


The performance of the audiometers 
used in screening was called into ques- 
tion by Walton and Williams? who 
found that four out of five audiometers 
used on a routine basis were consistently 
out of calibration. In a study carried out 
in Scotland? it was found that even 





where audiometers were calibrated reg- 
ularly, the percentages of children failing 
the screening test with each instrument 
were markedly different, ranging from 
4.1% to 10.7%. The suggestion advanced 
was that factors other than frequency 
and intensity accuracy might be in- 
volved, and Thomas et al’*. indicated 
that rise-time of the signal might: be in- 
volved. Fast rise times, possibly with 
overshoot, could lead to a misleadingly 


Y dore E- 
high “pass” rate. ; 


Yet another problem associated with 
pure tone screening, is variation iri skill 
of the testers, An.examination of the test _ 
results in one large English city-:dis- 
closed that one screener failed 7.495:6f 
the children she tested, whereas another 
working to the same standards and using 
the same type of equipment in similar 
schools, failed 13.4% of the children she 
tested.'* 


Melnick et al” followed out the re- 
commendations of the 1961 Conference 
on Identification Audiometry, using 
trained staff, calibrated equipment and 
silent rooms for testing. The false posi- 
tive rate (checked against full threshold 
audiometry and otological examination ) 
was 5.9%. Of the children with active 
pathology pure tone screening was suc- 
cessful in identifying only 48%. In 1975 
the American Speech and Hearing As- 
sociation issued new guidelines for 
identification audiometry.? These re- 
commended that first time failures 
should be rechecked the same day 
where possible, but definitely within 
one week after the initial screening. Fail- 
ures on rescreening should.:be referred 
for audiological evaluation. However, 
even if the variation in, fester rapport 
and skill can be eliminated; even if the 
audiometers can be maintained. in close 
calibration, even if the environment for 
testing can be perfected, the funda- 
mental problems that remain are that 
children at age five or six, when screening 
is most commonly carried out, do not re- 
spond in the same manner as intelligent, 
cooperative adults. The median thresh- 
olds for young children are different 
from those of adults and the spread of 
"normal values" is wide ( Appendix IIT). 
In view of the small hearing loss associ- 
ated with middle ear effusion (Appen- 


*Bryan ME: Noise level measurements in open plan schools. Personal communication, 1977. 
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dix III) it is evident that pure tone 
screening cannot accurately differentiate 
between normal ears and ears with ef- 
fusion, undoubtedly the disorder most 
frequently encountered in children of 
five: or six years of age. 


. Otologic examination in addition to 
pure tone screening would probably re- 
sult in the identification of the major- 
ity of children with middle ear disor- 
‘ders, þut is not a practicable solution. 
Hildyard et.al'*. tested an alternative 
propositiori, the use of tuning fork tests 
`= in addition to pure tone audiometry. Of 
the 920 children tested, 9% passed the 
pure tone screen, but had a negative 
Rinne suggesting a probable conductive 
impairment. However, the use of tuning 
forks requires a measure of skill, judg- 
ment and experience only normally 
found in staff trained in otolaryngology. 


Another proposition for improving the 
efficiency of identification audiometry 
in the detection of mild conductive 
hearing losses has been advanced by 
Osborn?? and more recently by Kelley 
and Denniston“! and Harford et al.*? This 
is the use of bone conduction measure- 
ment additional to air conduction. In 
view of the already noted difficulties in 
testing air conduction responses with 
young children, and the wide range of 
normal values, it seems improbable that 
substantially more information would 
be obtained by testing bone conduction 
which has traditionally proved to be 
more difficult than air conduction. As 
König” demonstrated, headband pres- 
sure can introduce considerable variation 
in threshold especially in the low fre- 
auencies. Low headband pressures are 
likely to occur in testing children with 
headbands ide to fit adult heads, and 
it is in thé*low frequencies where the 
hearing loss is most important in middle 
ear effusion. Brooks/*5* had advocated 
the use of acoustic impedance measure- 
ment in'screening for middle ear prob- 
lems in schoolchildren during the first 
and/or second year of full time educa- 
tion. Numerous studies have shown the 
practicability of impedance screening, 
and its superior ability to pure tone 
audiometric screening in the detection of 
middle ear disorders.55-9* 


There are many different techniques 
possible for performing screening using 


acoustic impedance instruments. A re- 
view of these was made by Brooks** and 
the suggestion advanced that the simp- 
lest and most effective would be to test 
for the presence of acoustic stapedius 
reflexes. First time failures would be re- 
tested after an interval of approximately 
six weeks, and second time failures sub- 
mitted to full audiological assessment 
before referral to Otolaryngology. In 
this way, it is believed, the number of 
false positives would be reduced to a 
minimum, but, hopefully, no child with 
a middle ear problem would be over- 
looked. Alternatively, as suggested by 
Lewis and his colleagues?? successive 
tympanograms might be carried out 
daily on cases suspected of middle ear 
disorders to determine if the condition 
is of a transient or more chronic and seri- 
ous nature. The rare sensorineural hear- 
ing loss might be screened for by the 
addition of a single high frequency pure 
tone subjective test.100-10? 


A. 4. With the mature child undoubt- 
edly the most suitable method of testing 
the hearing is the pure tone audiogram. 
An important consideration with chil- 
dren in the early teens is the possibility 
of nonorganic or functional hearing loss. 
An observant tester is vital, as the symp- 
toms can easily be overlooked. Factors 
that should alert to the possibility of 
nonorganic loss are: 


l) Inconsistency between pure tone 
results and the child's reaction to the 
spoken word. 


2) Erratic responses to the test tone. 


3) Abnormal responses to the test sit- 
uation. 


If suspicion arises that nonorganic 
hearing loss is present, then the child 
should be referred for further audiologi- 
cal evaluation, including impedance 
testing. 


B. 1. There is little likelihood of de- 
tecting minor conductive impairments in 
the presence of severe or profound sen- 
sorineural loss by means of pure tone 
audiometry. The ability of children with 
gross hearing loss to reproduce accurate 
thresholds was examined by Rapin and 
Costa.'^* They studied successively ob- 
tained pairs of audiograms from 75 chil- 
dren in deaf schools. Approximately half 
of the 414 pairs of audiograms differed 
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by at least 20 dB, and 34% of the paired 
single frequency scores differed by at 
least 20 dB. Ling and Naish'^* examined 
the short term reliability of children 
tested by pure tone audiometry and 
found a range of variation up to 45 dB. 
The standard deviation for any frequen- 
cy was of the order of 10 dB. With this 
degree of variability, it is most improb- 
able that the small additional hearing loss 
produced in the early stages of middle 
ear effusion (of the order of 10 to 20 
dB) would be detectable by air conduc- 
tion testing alone. The use of the air- 
bone gap is generally impossible in cases 
of severe sensorineural loss, no bone con- 
duction threshold being measurable. 


The practical alternative is the acous- 
tic impedance bridge. Although middle 
ear muscle reflexes may not be elicit- 
able, tympanometry is normally ade- 
quate to indicate the presence of a mid- 
dle ear effusion or other middle ear ab- 
normality. 


B. 2. The principal auditory concern 
with young cleft palate children is the 
presence of middle ear effusion. One 
symptom of middle ear effusion and one 
possible long term sequel to it is hearing 
impairment, but because these children 
can be identified at a very early age as 
having cleft palates, all the difficulties 
of hearing testing in the infant and very 
young normal child apply. Impedance 
testing is once again the test of choice 
because it is applicable at almost any 
age to the detection of middle ear ef- 
fusion, and is most efficient to this 
end.!^5 


B.3. Hearing tests for mentally re- 
tarded individuals are chosen on the 
basis of the mental rather than the chron- 
ological age. In young mentally sub- 
normal children it may be difficult or 
impossible to identify mild hearing loss 
with conventional tests of the audio- 
metric type. As with normal children, 
the major problem is likely to be middle 
ear effusion, especially in children with 
Down's syndrome. Acoustic impedance 
testing has proved to be a practicable 
and valuable addition to the test bat- 
tery with the mentally retarded subject. 


B. 4. As indicated in section II. B. 4. 
children from socially or economically 
underdeveloped or deprived communi- 


ties are likely to have substantially more 
middle ear disorders and at least. as 
high an incidence of sensorineural hear- 
ing loss as children from communities 
with high standards of health care. 


In general therefore, the same tests 
are relevant age-for-age with children 
from the “normal” groups, except that, 
perhaps, more attention should b. paid 
to the possibility of conductive hearing 
loss. m 

VT Nis 

Pure tone hearing screening is not 
adequate to this task. McCandless?* in | : 
a study of Indian children on the Wiid- 
River Reservation, found 97% agreement 
between otoscopy and impedarmie test 
results, but only 61% agreement between 
otoscopy and pure tone audiometry. 
Lewis** in a study of Australian abor- 
iginal children found that 52.8% of the 
ears showed tympanometric evidence of 
impairment; 59.1% were otoscopically 
abnormal, but only 312 manifested de- 
fects audiometrically. Lewis comments, 
"In medical terms, surely the important 
consideration is whether the child has 
ear disease, not whether this disease oc- 
casionally depresses his hearing below 
an arbitrary line on an audiogram." 
Doyle and Morwood* were equally un- 
enthusiastic about pure tone audiometry 
as a means of detecting middle ear dis- 
ease, but also felt that impedance audio- 
metry was not adequate to the task. One 
reason for their conclusion was that in 
children under four years of age 40% 
could not be completely evaluated. 
However, that this is not an insuperable 
problem in impedance testing is shown 
by Paradise et al" who did not have one 
impedance test failure in 280 subjects 
ranging in age from ten;days to five 
years 11 months. A second reason behind 
Doyle and Morwood's decisión was that 
too high a percentage of children were 
failed by impedance testing relative to 
otoscopv, but this may be due. to the 
pass/fail criteria adopted for impedance 
being too critical, or too high a reliance 
being placed on the accuracy of oto- 
scopy. 


On balance, impedance testing, with 
careful consideration of what should be 
regarded as normal or abnormal, is an 
effective and efficient method of 
screening for middle ear disease. Oto- 
logical skill is best reserved for evalua- 


or 
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tion of those cases that appear to be ab- 
normal 
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.AS-A FUNCTION OF AGE 


e. 
|. One ‘of: the: earliest observations regarding 
the éhamge in threshold with age was made in 
1941:by.Kennedy.'* He tested. a “large num- 
ber" of children, probably over 500, aged be- 
tween:G'and 15 years: He notes that thresh- 
olds at-"6%years were some 4 dB down, and 
those at T, years of age some 2 dB down on 
the threshold for children of 12 years or older, 
or for adults. It is difficult'to convert this data 
into sound pressure level or hearing level (re 
ISO) values as the equipment used by Ken- 
nedy is.not specified, nor is the standard of 
calibration. The standard deviation on thresh- 
old noted in this study was 4.7. dB and was 
independent of age, but slightly smaller in 
the center frequencies than in either the high 
or low frequencies. 





A year later, Westlake published data on 
hearing acuity in young children. Groups of 
200 children aged from four to eight years, 
and a group of 150 children aged three years 
were tested. There was very little change in 
hearing levels from eight years down to five 
years of age, but four-year-old children were 
approximately 2 dB down on eight-year-olds, 
and three-year-old children were approximate- 
ly 45 dB down on eight-year-old children. 
The standard deviations reported were only 
just over 2 dB for children of five years or 
older, 4 dB for four-year-olds and only 4.7 dB 
for three-year-olds. Barr employed both play 
audiometry and PGSR testing on children aged 
from two years to six years of age. Under 
three years of age successful results were ob- 
tained on only 30% of those tested, Over four 
years of age the success rate was virtually 
100%. Thresholds were retested two years la- 
ter and in 82% were within 5 dB. There was 
a small improvement with age noted but not 
specified in degree. The standard deviation in 
measurement of threshold was 6 dB overall, 


A similar value for the standard deviation 
in threshold measurement was obtained by 
Meyerson." He commented on the testing of 
young children that “although it is sometimes 
possible to’ obtain a consistent voluntary re- 
sponse from bright, alert young children, it is 
extremely difficult.and usually impossible to 
obtain a reliable threshold audiogram from 
most children belów 8 years of age, and it is 
not always possible to obtain true threshold 
audiograms froti older children." 


Eagles and his coworkers™ noted a very 
definite trend towards less sensitive thresholds 
in younger children. Converting the published 
data to ISO levels, the Pittsburg study indi- 
cated that at seven years of age the auditory 
threshold was some 6 dB down; at six years 
of age 7 dB down and at five years o age 
around 8.5 dB down on adult threshold. 


The standard deviation observed in thresh- 
old measurement was around 8 dB, but the 
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results were not symmetrically distributed 
around the median, the spread tending to be 
smaller in the direction of higher sensitivity 
and greater in the direction of lesser sensitivi- 
ty. The 95 percentile range for five-year-old 
children found in the Eagles’ work was from 
—3 dB to 32 dB HL. (In the paper by Meyer- 
son the suggested 95% range was —5 dB to 
25 dB HL.) 


Siegenthaler" performed a rather limited 
study on 42 children ranging in age from 
four to nine years. In older children he sug- 
gested that threshold was approximately 2 dB 
more sensitive than the adult threshold. Sieg- 
enthaler suggested that at six years of age the 
two thresholds were identical; at five years of 
age the children's threshold was 2 dB, and at 
six years of age 4 dB down on the adult 
threshold. 


Liden & Kankkunen'" employed visual re- 
inforcement audiometry with 120 normal hear- 
ing children from three months to six years of 
age. A very marked change in measured thresh- 
old with age was noted. The amount by which 
the children's threshold fell below adult thresh- 
old was, at five years of age 7 dB, at four 
years of age 10 dB, at three years of age 14 
dB and at two years of age 21 dB. The stan- 
dard deviation for children under three years 
of age was just over 9 dB. 


In the study of Lenihan et al? 866 children 
aged 5, 9 or 14 years were tested. The study 
was performed with regularly calibrated au- 
diometers in good acoustic conditions and with 
trained and monitored testers. Hearing for 
five-year-olds was found to be about 6.5 dB 
down on the adult threshold in the midrange 
frequencies. Fourteen-year-old children ap- 
proximated adult thresholds to within 2 dB. 
The standard deviation of the five-year-olds 
was 8 dB, but comment was made on the 
skewness of the distribution. The 95 percen- 
tile range for five-year-olds was from — 3.5 
dB to 33.5 dB HL. 


Gerwin and Glorig’* found a surprisingly 
small difference between the normal adult 
hearing threshold and the thresholds of 811 
four-year-old children assessed as normal on 
the basis of both history and physical exami- 
nation. The difference was 5.4 dB with a stan- 
dard deviation of 5.6 dB. One other relevant 
study is that of Richardson et al. This re- 
ports on the follow-up hearing testing of a co- 
hort of children who were born in the United 
Kingdom in one week in 1958. Because of the 
nature of the study no attempt was made to 
eliminate children not otologically normal. 
Testing was performed by many persons with 
different levels of skill, and employing audi- 
ometers of variable efficiency. The authors 
suggest that the threshold for seven-year-old 
children is some 6.5 dB down on adult normal 
threshold. The standard deviation observed 
was 6.7 dB. The estimated 95 percentile range 
e five-year-old children is —8 dB to 26 dB 
HL. 


The results of these ten studies are tabu- 
lated in Table I with the addition of data 
from the US Department of Health, Educa- 
tion and Welfare." 


IDENTIFICATION AND ASSESSMENT xo Al 


TABLE 1, HEARING THRESHOLD LEVELS FOR CHILDREN AGED THREE TO SEVEN.: 
YEARS AND TWO STANDARD DEVIATION RANGE FOR FIVE-YEAR-OLD CHILDREN 























Age (yr) DAE Y 
ange: PEEL 
7 6 5 4 3 SD 25 vr olds IL) * 
Kennedy” 2.0 4.0 47 M ic A 
Westlake™ 0 05 0.5 2.5 6.0 QU 2; SETS ix 
Barr” 3.0 60 130 60 i eke 
Meyerson” 6.5 —5 to 25 dB*. `.. 
Eagles” 60 70 85 8.0.  —3to324B8, 
Siegenthaler™ —1.0 0 2.0 4.0 LEE a 
Lidén and Kankkunen™ 7.0 10.3 13.7 Rd 
Lenihan et al? 6.5 8.0 — 3.5 to —33.5 dB 
Gerwin and Glorig"* 5.4 5.6 2 . 
Richardson et al” 6.5 6.7 —8 to 26 dB >- 
DHEW™ 53 6l "n 
Suggested value 50 60 TO 9.5 130 7.0 —5 to 29 dB- 


SUMMARY OF APPENDIX TO 
SECTION III 


Hearing thresholds of children are age de- 
pendent. The younger the child the less sen- 
sitive the threshold. For five-year-olds ( the age 
when screening audiometry is most commonly 
performed ) the median hearing level is around 
7 dB and the 95 percentile range is from —5 
dB to 29 dB HL. 

If pure tone screening is performed at 25 
dB HL, approximately 55 of "normal hearing" 
children will fail: at the same level, almost 
75% of children with fluid are likely to pass. 

If pure tone screening is performed at 20 
dB HL, the false positives rise to about 89: 
the percentage of children with middle ear 
effusion likely to pass falls to approximately 
451. 

If pure tone screening is performed at 15 
dB HL, the false positives rise to 15%: the per- 
centage of children with middle ear effusion 
passing the screen falls to around 12%. 

Thus, at no level can pure tone screening 
effectively separate normal children from those 
with middle ear effusion on the basis of thresh- 
old measurements. 


IV. HOW CAN HEARING LOSS BE 
ASSESSED IN EACH GROUP 


A.l. Hearing sensitivity cannot, as 
yet, be reliably assessed in the neonate 
on a routine basis, although some indi- 
cation may be obtained by electric re- 
sponse audiometry. When suspicion is 
aroused by the hearing screening, test- 
ing should be repeated at intervals until 
a definite diagnosis can be made. 


A.2. Up to two years of age there 
are few tests that hold promise for the 
accurate assessment of hearing loss. 
Electric response audiometry is a meth- 
od that appears to have possibilities. A 


vast amount of research has been under- 
taken and, practicable tests are slowly 
emerging. Sophisticated equipment is 
still necessary as are highly skilled prac- 
titioners. In time however, it may be 
expected that both procedure and 
equipment will be simplified and the 
scope and practicability of the test ex- 
tended. Another "objective" method that 
at first sight held promise of simple as- 
sessment of auditory threshold, was pro- 
posed by Niemeyer and Sesterhenn.''* 
They observed that in subjects with sen- 
sorineural hearing impairment the dif- 
ference between the threshold of the 
stapedius muscle for white noise stimu- 
lation and for pure tone stimulation, was 
smaller than for subjects with normal 
hearing. This difference diminished as 
the hearing loss increased. Hence, by 
measuring the difference between the 
middle ear muscle reflex for pure tones 
and white noise, an estimate of hearing 
loss might be made. b 


Jerger et al9* evaluated a modifica- 
tion of the Niemeyer and Sesterhenn test 
on 1,143 subjects and found it reason- 
ably accurate in predicting the class of 
hearing loss (mild, moderate, severe or 
profound) but not accuráte enough to 
predict true thresholds. Wagoner and 
Goodwine"? and Keith? also reached 
the conclusion that the measurement of 
reflex thresholds to pure tones and white 
noise would only provide a moderately 
accurate estimate of hearing level and 
could not yet be used to measure audi- 
tory threshold. However, Niswander and 
Ruth"?! suggest that even with these 
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findings the test may have application 
with the mentally retarded. More re- 
cently, Sesterhenn and Brueninger' 
suggested that by preactivation of the 
stapediüs muscle. the reflex threshold to 

- "pure. tones can be reduced by 20 to 30 
dB ig sübjects with normal hearing, but 
tg: desser. degree in hearing impaired 

‘thdividuals. Using this test they were 
able to estimate thresholds of hearing to 
within 5 to 10 dB over the midfrequency 
auditory range. 


However, the practical application of 
this test to the assessment of hearing in 
. young children depends on two other 
factors, the readiness of the child to sub- 
mit to testing, and the presence of stape- 
dial reflexes. Children from nine months 
to two or 2% years are not easy to per- 
suade to undergo this type of testing, 
and even if the child is cooperative, a 
substantial number may not produce 
stapedial reflexes to acoustic stimulation. 


Robertson et al? tested groups of 
ten children at ages 12, 18, 24 and 36 
months. In the youngest children only 
three of the ten produced reflexes, and 
in the next two groups only seven and 
six respectively produced reflexes. If 
this degree of absent reflexes is typical 
of all children in this age range, then the 
Sesterhenn and Brueninger tests can 
only have limited application. From 
around two years of age, as the child 
grows in maturity, a wider range of tests 
may be employed, An approximate idea 
of the hearing. threshold may be ob- 
tained from performance tests in which 
the child responds with some activity to 
a simple instruction given in a whis- 
pered voice or quiet speech. McCor- 
mick" has described a simple test usin 
a range of common toys which the child 
is asked to “pick up,” “point to,” “touch,” 
etc. Children’ with normal hearing can 
usually discriminate among all the items 
in the test at a listening level of 40 dB. 


Play audiometry, conditioned orienta- 
tion reflex testing"? and visual rein- 
forcement audiometry" are other meth- 
ods developed for testing preschool chil- 
dren. The comments of Fisch?** are most 
relevant to this situation. He writes, 
“Progress in child audiology, it seems, 
does not lie in the invention of a ma- 
chine to which the child is connected 
and which will then deliver the wanted 


information automatically at the other 
end. Children insist on being very sensi- 
tive creatures. They often refuse to act 
according to prescribed or expected pat- 
terns . . . the complex and efficient tech- 
nical equipment for testing may prove 
useless without careful and skilled man- 
agement of the child and without a satis- 
factory environment in which the exam- 
ination is carried out." 


A.3. A reasonable estimate of thresh- 
old can normally be obtained with chil- 
dren of school age (bearing in mind the 
difference between childrens and 
adult’s thresholds as indicated in Ap- 
pendix III, and also the range of “nor- 
mality"). 

A. 4. Pure tone audiometry is specific 
to the task of hearing assessment with 
this group. If nonorganic hearing loss is 
suspected, speech audiometry may give 
a better estimate of threshold, as may 
the Stenger test. Electric response audio- 
metry may also be employed. 


B.1. With older children, pure tone 
audiometry may possibly be adequate 
to the task of assessing hearing losses ad- 
ditional to the basic sensorineural loss 
that may have existed from birth or in- 
fancy. In younger children it is doubt- 
ful if the test procedure is sensitive 
enough. Some inferences may be drawn 
from impedance test results, but this will 
not be accurate, if by accurate we are 
considering hearing loss purely in terms 
of decibels. However, the real concern 
should be whether there is a conductive 
disorder overlying the medically untreat- 
able sensorineural loss; a conductive dis- 
order that is adding to the child's hearing 
handicap and his difficulties in using a 
hearing aid, and which is remediable 
by medical or surgical means. In this 
respect impedance testing is far more 
valuable than pure tone audiometry. 


B. 2. The same remarks apply gener- 
ally as for subjects in group B. 1. 


B.3. The same remarks apply gener- 
ally as for subjects in group B. 1. 


B. 4. The same comments here apply 
as for children from "normal" socioeco- 
nomic groups with possibly somewhat 
more emphasis being given to imped- 
ance measurement because of the higher 
prevalence of middle ear disorders in 
this population. 
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WHAT INFORMATION RELATIVE TO 
HEARING CAN BE OBTAINED FROM 
IMPEDANCE DATA 


Middle Ear Muscle Reflexes. Klockhoff'™ 
stated that “A recordable stapedius reflex is 
proof of the absence of a conductive compo- 
nent.” This statement is no longer acceptable 
absolutely, but has very general applicability. 
It is possible to record reflexes from ears where 
there is a high degree of negative pressure 
but no other pathology, provided the highest 
sensitivity capability of an impedance bridge 
is employed. The degree of hearing loss asso- 
ciated with reduced middle ear pressure has 
been investigated by a number of research- 
ers, ^^"? Subjects and techniques for measure- 
ment vary considerably, but the results indi- 
cate similar trends. At negative middle ear 
pressure of —50 mm H:O there is a loss of 
about 10 dB on the low frequencies and 5 dB 
on the high frequencies; at —100 mm H,O 
the low frequency loss increases to around 15 
dB and the high frequency loss increases by 
2-3 dB also; at —200 mm H,O the low fre- 
quency loss is about 20 dB with 10 dB loss in 
the high frequencies. Averaged out over the 
five octave frequencies the losses are 8 dB at 
—50 mm H:O, 13 dB at —100 mm H:O and 
17 dB at —200 mm H;O. 


The reflex threshold in normal hearing sub- 
jects is approximately 85 dB HL" with a 
95% range from 75-95 dB HL. If therefore, the 
proposition of Klockhoff is modified to “a re- 
cordable stapedius reflex to a stimulus of not 
greater than 95 dB HL is virtual proof of the 
absence of a conductive component," it is 
most improbable that any child with an ap- 
preciable degree of negative middle ear pres- 
sure will be classed as normal. 


Absence of middle ear muscle reflex sug- 
gests middle ear pathology, but is not accept- 
able as proof of disorder, as a small percentage 
(2 to 5%) of individuals do not produce mid- 
dle ear reflexes to acoustic stimulation at any 
level. 


The flat tympanogram with very low com- 
pliance and gradient and moderate to high 
negative middle ear pressure most probably 
indicates middle ear effusion and hence a 
hearing loss of 15 + 10 dB (Appendix to sec- 
tion II). A straight line tympanogram, partic- 
ularly if coupled to a high initial volume mea- 
surement, probably indicates a perforation, 
but little inference can be drawn from this re- 
garding the degree of hearing loss. 


Regrettably, tympanometry at the present 
level of technology cannot indicate the nature 
of a middle ear effusion, that is, whether the 
fluid be thick or thin. Extensive analysis by 
the author of tympanograms of children with 
middle ear effusion has indicated that with a 
low frequency measuring system as employed 
in the current range of impedance instruments, 
there is no discernible difference in any of the 
parameters measured (compliance, gradient, 
pressure) between children with thin serous 
fluid and children with glue. 


GENERAL CONCLUSIONS 


The early detection of severe and pro- 
found hearing loss in neonates is still a 
major problem despite the very: consid- 
erable efforts that have been made over 
the last half century. It is generally’ .. 
agreed that early detection. and ;early 
treatment are vital for thé*deyelópment 
of speech and language im children 
handicapped by: gross hearing. de- 
ficiency. ; 2 


Numerically the major problem from 
infancy to around puberty is mild to 
moderate conductive hearing impair- 
ment associated with middle ear effu- 
sion. Lack of realization of the problem 
and lack of concern with the conse- 
quences of this condition, which have 
been greatly underrated, may be as- 
sociated with the inefficiency of con- 
ventional hearing test procedures to de- 
tect small hearing losses. Pure tone audi- 
ometry in neonates, infants and young 
children is, even where practicable, only 
suitable for approximate evaluation of 
moderate to profound hearing losses. 
Some of the alternatives suggested such 
as tuning fork testing or otological exam- 
ination, although possibly more efficient 
in detecting middle ear disorders, are 
impracticable in terms of availability of 
skilled personnel and cost. 


The development of acoustic imped- 
ance measuring devices has made screen- 
ing for middle ear effusion a practical 
possibility at almost any age. It appears 
to be the most accurate method of dif- 
ferentiating between normal and ab- 
normal middle éars in most children, 
although there is need for standardiza- 
tion of criteria for defining normality in 
neonates and babies. Theré is also need 
to establish criteria for referral, in that 
impedance testing. can’ detect minor 
changes in middle ear function that may 
have no clinical significance. 


As yet, impedance measurement can- 
not give accurate indications of the ex- 
tent of the hearing loss associated with 
middle ear disorders on an individual 
basis. In ears where the acoustic stape- 
dius reflex response is obtainable, new 
techniques give hope for accurate assess- 
ment of hearing threshold, but in most 
middle ear conditions the muscle reflex 
is not elicitable and hence no inference 
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INFLUENCE OF OTITIS MEDIA ON HEARING AND DEVELOPMENT 


Rosert A. Dost, MD 


SEATTLE, WASHINGTON 
Cares I. Bertin, PhD 


NEW ORLEANS, LOUISIANA 


Otitis media affects nearly every child at some time; many children have mild-to-moderate 
hearing losses for prolonged periods. The effects of these losses on language and educational 
development may be significant; possible mechanisms are discussed. Especially in suboptimal 
listening situations, speech perception may be impaired by even a mild hearing loss. Patterns 
of imperception are predicted by comparison of composite audiometric data from children with 
middle ear effusions with speech power data, and by analysis of sound pressure waveforms of 
speech filtered to simulate the typical hearing loss of these patients, A new method of analysis 
of brain stem evoked responses, yielding response components attributable to binaural interac- 
tion, is reported. This and other evoked response techniques may be able to identify objective 
changes in auditory nervous system function attributable to relative sensory deprivation during 


development. Finally, directions for further research in this area are discussed. 


There are many ways in which otitis 
media can adversely affect language and 
intellectual development. As in any 
chronic illness, pain and malaise may 
cause distraction and fatigue. If signifi- 
cant hearing loss is present during criti- 
cal periods, the gross reduction of af- 
ferent input may affect brain stem audi- 
tory nuclear structure, as has been 
demonstrated in mice with conductive 
hearing losses* and in humans with sen- 
sorineural losses. The physiological and 
behavioral correlates of this dystrophy 
are as yet unclear. Psychological effects 
of hearing loss have been described,” 
although not in cases of otitis media 
in children; it seems likely that even 
subtle personality disturbances could in- 
terfere with language development in 
early childhood. Most recently, Kessler 
(1978)? studied 48 children for the ef- 
fect of early conductive losses on their 
auditory-processing abilities. The af- 
fected experimental group scored poor- 
ly on the Wechsler. digit span subtest, 
selective attention in-noise tests, and in 
tests of sound blending from the Illinois 
Test of ~ Psycholinguistic Abilities 
(ITPA), compared to a matched group 
of controls with little history of otitis 
media. There were other differences 
between the groups which may also 


have been related to some socioeco- 
nomic variables; however, the conclu- 
sions drawn suggested that ". . . mild 
bouts of middle ear pathology can occur 
in children from all classes of our society 
and may result in inferior auditory skills, 
below average academic skills, and 
greater than average requirements for 
special education services . . .”* 


However, the most obvious link be- 
tween otitis media and the develop- 
mental and educational processes may 
be the hearing loss itself and its effect 
on speech communication. We will focus 
on this aspect of the problem and at- 
tempt to define the magnitude of the 
hearing loss, its probable impact on 
communication, and needs for further 
study. 


Epidemiological surveys** suggest 
that otoscopic abnormalities typical of 
present or past otitis media are found in 
15-20% of schoolchildren, with about 3- 
6% showing signs of active or chronic 
disease. In a group of 488 children fol- 
lowed since birth, Howie’? found 96% 
had at least one episode of otitis media 
(defined as presence of middle ear 
fluid on pneumatic otoscopy) by the 
age of ten. Before the age of two, 63% 
had their first episode; these children 
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Fig. 1. Con ode audiogram of 161 
ears with middle ear effusion (adapted 
from Kokko"). 


were the most likely to develop chronic 
or multiply-recurrent otitis. In a group 
of schoolchildren in Vancouver, British 
Columbia, Robinson et al? found 10% 
had middle ear effusions. Interestingly, 
only 3.5% failed the pure-tone screen- 
ing audiogram. 


Otitis media thus affects, at least 
transiently, a very large segment of the 
pediatric population. How many of these 
children have noteworthy hearing losses 
for a significant length of time (one 
month? six months?) is unknown; we 
know of no we des pes studies of otitis 
media in unselected pediatric popula- 
tions. Untreated conductive hearing loss 
through puberty apparently leads to 


irreversible dorsal cochlear nucleus 
globular cell underdevelopment in 
mice.? 


Both Kokko’ and Bluestone" have re- 
ported audiometric data from ears sub- 
sequently proven to have effusions at 
surgery. Kokko's series of 161 ears had 
a mean air conduction pure-tone aver- 
age (at 500, 1,000, and 2,000 Hz) of 
27.6 dB, with a standard deviation of 
12.8 dB. The mean air-bone gap was 
24.6 dB. Bluestone et al" report 
similar results: mean pure-tone average 
for 58 ears was 26.0 dB, with a standard 
deviation of 9.9 dB. 


The composite audiogram from 
Kokko’s data is shown in Figure 1. The 
los is predominantly flat, although 
there is a definite peak in threshold sen- 
sitivity at 2,000 Hz. This may represent 
a crossover point between separate mass 
and stiffness components of the loss. 


To predict the effect a loss such as 
this will have on speech perception, we 
can turn to available data on speech 
power. Fletcher has presented, in 
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Fig. 2. Composite audiogram of 161 
ears with middle ear effusion (after con- 
version from HL to SPL), superimposed 
on average spectral peak positions for 
English speech sounds (adapted from 
Fletcher”). 


graphic form, the typical frequencies 
and relative amplitudes for the common 
speech sounds in English. If we plot 
these on a graph of intensity (SPL) vs 
frequency, assuming the vowels will 
have an average intensity of 65-70 dB 
SPL, and then plot on the same graph 
the composite audiogram for Kokko’s 
patients with middle ear effusions (after 
conversion from HL to SPL), we can 
see the areas of expected interference 
(Fig. 2). 


It appears that the upper and lower 
ends of the speech spectrum are most 
vulnerable, with the formant peaks in . 
the middle regions (500-3000 Hz) be- 
ing 5-15 dB above the line representing 
the mean loss plus one standard devia- 
tion. However, some patients (about 
1/6) will have losses greater than this, 
and should have severe problems in 
communication; Further, this graph as- 
sumes an average speech power of 65- 
70 dB. Especially in school situations, 
the actual intensity and/or the signal-to- 
noise ratio may be much less. 


The actual degree of speech inter- 
ference experienced. by children with 
middle ear effusions in relevant environ- 
ments is, so far as we know, a matter of 
conjecture. However, one would pre- 
dict, based on the comparison made 
above, that at least a significant propor- 
tion of these children are unable to hear 
many speech sounds in normal listening 
situations. 

EXPERIMENT 1 


Since we could find nothing in the 
literature actually predicting what sort 
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of speech-perception difficulties chil- . 


dren with otitis might have, we decided 
to simulate a few seconds of speech 
from a standardized auditory compre- 
¿hension test. © 


* l. A 10-second recording was made 
from the Durrel Reading Analysis test 
at the lowest gradé level. The text is as 
follows. 

a. Muff is a little yellow kitten. 

b. She drinks milk. 

c. She sleeps. on a chair. 

d. She does not like to get wet. 

e. What color was the kitten? 

f. What does she drink? 

g. Where does she sleep? 


h. Why doesn't Muff like to go out 
on rainy days? 


2. This utterance was recorded 
through “correcting filters?” which 
shaped the signal as if it were processed 
i d an ear at about the 40-phon 
evel. 


3. The selection was digitized in our 
Interdata 8/32 computer and displayed 
oscillographically. 


4. It was then attenuated by 20 dB 
and displayed again underneath the un- 
attenuated oscillographs. 


5. Spectral analyses of each 600 msec 
of speech were prepared. These spectral 
analyses took approximately eight to ten 
hours of continuous computer running 
time to complete but are exemplars of 
what can be generated with special Fast 
Fourier Transform (FFT) programs. 


The oscillographs were then read in- 
dependently by a number of readers 
including the authors to segment, mark, 
and locate as best as we could the onsets 
of the various phonetic utterances. 


Inspection of this synthesis of a 20 dB 
hearing loss reveals the following. A 
potential loss of transitional information. 
especially plural endings, and related 
final-position fricatives was highly like- 
ly. Vocalic information appeared to be 
preserved, as was temporal information 
with respect to syllable length: however, 
very brief utterances or high-frequency 
information could conceivably be either 
distorted or degraded if signal-to-noise 
conditions were less than satisfactory. 


Thus, acoustically, the otitis media child 
might be subject to the following reduc- 
tions in information from the acoustic 


signal. 


1. Morphological markers might be 
lost or sporadically misunderstood; for 
example, “Where are Jack’s gloves to be 
placed?” might be perceived as “Where 
Jack glove be place?” 


2. In a related fashion, very short 
words which are elided often in con- 
nected speech (see "are" and “to” 
above) will lose considerable loudness 
because of the critical relationship be- 


tween intensity, duration, and loudness. 


3. Inflections, or markers, carrying 
subtle nuances such as questioning and 
related intonation contouring, can at the 
very best be expected to come through 
inconsistently. 


A three-dimensional plot of part of 
the test utterance reveals one surprising 
feature: the acoustic input can be quite 
inconsistent despite a rather fixed hear- 
ing loss. The components in the 
three-dimensional plot have such vari- 
ability, that a 20 dB loss relative to 
an arbitrary signal-to-noise level may not 
always obliterate a given segment of 
information. Thus, markers for the be- 
ginning and ending of words and ideas 
may be inconsistently noted. For exam- 
ple, one of our colleagues perceived the 
dictated phrase "the calibrations in 
RMS" as "the calibrations are a mess." 
Her mild conductive hearing loss when 
superimposed on a relatively borderline 
dictating system with marginal signal- 
to-noise ratio, led to this as well as other 
misperceptions of markers and intent of 
the speaker. (The phrase “this work was 
meticulously done” was perceived as 
"this work was ridiculously dumb.") 


EXPERIMENT 2 


One of us (C.LB.) has a child who 
has had repeated bouts of otitis media, 
and until recently, had never had normal 
hearing. She was interviewed with re- 
spect to the kinds of auditory confusions 
she experienced in the classroom or 
when listening to television, etc. Three 
of the most interesting confusions were 
noted and also digitized and oscillo- 
graphically displayed, and spectrally 
analyzed. Inspection of the oscillograph- 
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Fig. 3. Top trace: Binaurally-evoked 
response (B) superimposed on the sum . 
of the monaurally-evoked responses (X). 
Bottom trace: Derived binaural interac- 
tion (A), calculated by subtracing X 
from B. Normal guinea pig. 


ic tracings of these confusions actually 
made by a child with chronic serous 
otitis media revealed data quite similar 
to the predictions made in experiment 1. 
Her most salient confusion (“Budweiser” 
was confused for a neologism, “Bux- 
luxen”) was “reasonable” based on the 
inspection of both oscillographs and 
spectral analyses. Stops were confused 
for sibilants because, at low levels, both 
could be perceived as brief silent 
periods. 
EXPERIMENT 3 


In anticipation of physiologic changes 
following conductive loss,'? we are de- 
veloping a new application for brain 
stem evoked response (BSER) studies. 


Briefly, our approach to binaural in- 
teraction in BSER is as follows: if there 
were no interaction (ie, separate mon- 
aurally driven BSER generators), the 
binaurally evoked BSER would be pre- 
dicted by a linear summation of the re- 
spective monaurally evoked BSER. 
Thus, if the right- and left-monaural 
BSER are added to produce a simulated 
binaural BSER, and this simulated re- 
sponse is subtracted from the actual 
binaurally evoked BSER, the result 
should be a straight line (in the absence 
of interaction). 


This, in fact, is very close to the truth 
in the early waves, but around 4 msec 
in the guinea pig, and at about 6 msec 
in the human, there is a striking nonline- 
arity present. Figure 3 shows this phe- 
nomenon in a typical guinea pig (we 
have tested ten animals so far, and all 
show this effect). Studies of the effects 
of interaural intensity and time differ- 
ences on this "derived binaural inter- 
action" trace are now underway, and 
should provide norms for subsequent 
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Fig. 4. Binaurally-evoked response ( B), 
monaurally-evoked responses (L and R), 
their sum (=), and derived binaural in- 
teraction (A), in a normal human sub- 
ject. Three replications of the A trace. 
RR - 20/sec. 


testing of patient groups. This may 
prove to be a more sensitive technique 
in detection of minimal functional brain 
stem abnormalities than the standard 
BSER. 


The child in question discussed in 
experiment 2 was subjected to a two- 
click interactive BSER. Three responses 
from a normal human are shown in Fig- 
ure 4. By contrast, the child in question 
shows inconsistency in her two-ear inter- 
actions and a different polarity and la- 
tency of the so-called interactive re- 
sponses (Fig. 5). Her audiogram, of 
course, is no different.now than the 
normal subject’s. 


If these preliminary. BSER data can 
be repeated in similar subjects, we may 
have a measurable physiologic correlate 
of the effects of long-standing but re- 
solved conductive hearing loss. 


DISCUSSION 


At best, this is only a provocative 
model to roughly predict the kinds of 
speech-perceptual losses such children 
might incur. One thing that is clear so 
far, is that syllable counts are usually 
preserved, but microstructure of the ar- 
ticulations (and occasionally markers 
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Fig. 5. Subject with past history of multiple bouts of otitis media. Five replications 
of derived binaural interaction paradigm, three with click rate of 20/sec, two with click 


rate of 10/sec. A trace is more variable and 


to normal subject. 


critical to meaning) may be lost. Ad- 
ditional variables to complete the acous- 
tic side of the model must include sig- 
nal-to-noise ratio, sex and vocal power 
output of the teacher, acoustic environ- 
ment of various classrooms, etc, before 
any usable conclusions can be reached. 


Factors such as fluctuating attention 
and vigilance (independent of, or com- 
pounded by the general malaise that 
goes with chronic middle ear problems) 
must be considered; also to be consid- 
ered as contributing variables to school 
difficulties are, perhaps, increased num- 
ber of absences and related losses of 
input due to trips to the physician, etc. 


DIRECTIONS FOR FURTHER RESEARCH 


Our group at Kresge Hearing Re- 
search Laboratory of the South is par- 
ticularly interested in possible brain stem 
dystrophies in children who have suf- 
fered temporary auditory deprivation. 
Conductive hearing losses in animals 
have been shown to result in changes in 
both brain stem structure! and func- 
tion.!?14 


apparently reversed in polarity, compared 


We are currently planning to study a 
group of children who have been fol- 
lowed for several years in an otitis me- 
dia program. Thus, the otologic histories 
are well documented. Children with his- 
tories of significant losses which are now 
"cured" will be compared to a matched 
group of children who have had no sig- 
nificant otologic problems, using a bat- 
tery of psychoacoustical and physiologi- 
cal tests. 


Pure-tone audiometry, impedance 
testing, and ipsilateral and contralateral 
acoustic reflexes will be performed as a 
baseline. Click lateralization with head- 
phones will be tested, and masking lev- 
el differences (MLD) obtained for pure 
tones in homophasic and antiphasic 
noise. These tests have been shown*®-17 
to reflect brain stem functional integrity 
and have the added advantage that they 
are not language- or culture-bound. 


Finally, both standard and interactive 
BSER will be obtained to see if we can 
duplicate the observations made in ex- 
periment 3. 
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INFLUENCES OF HEARING IMPAIRMENT ON 
EARLY LANGUAGE DEVELOPMENT 


Rrra C. NanEMOonE, PhD 


BLOOMINGTON, INDIANA 


It is difficult to determine exactly the effects of chronic otitis media on early language de- 
velopment, in part.because we do not know whether hearing loss resulting from otitis media is 
intermittent or constant, and in part because it is difficult to assess the precise language ability 
of very young children. This paper focuses on those aspects of language development which 
one might expect hearing impairment to affect, and presents several hypotheses about the pos- 
sible effects of mild-to-moderate hearing loss on the earliest stages of language development. 


It is difficult to make any set of con- 
clusive statements about the early lan- 
guage development of hearing-impaired 
children. Most of the available research 
into the relationship between hearing 
loss and language development involves 
school-age children, or children who are 
enrolled in some kind of special training 
program. Information about what these 
children do in that crucial language- 
learning period between birth and 36 
months is sadly lacking. One reason for 
this, of course, is that mild-to-moderate 
hearing loss may be extremely difficult 
to detect in this age range. Parents are 
unlikely to ask for a hearing test unless 
something in the child’s behavior causes 
them to suspect that the child does not 
hear, and whether it is because parents 
don't recognize the signs of hearing loss 
or because there are no readily identi- 
fiable signs, many children with hearing 
loss go undetected. The consequences 
of hearing loss in these early years can 
sometimes be striking. Roughly 60% of 
the children who come through our clin- 
ic with language problems, many 
labeled "learning disabled," have some 
degree of hearing loss, and most of these 
have histories of chronic otitis media. 
In most instances, of course, we cannot 
determine the age of onset of the hear- 
ing loss, nor are we.able to say whether 
it has been constant or intermittent. The 
constellation of symptoms, however, is 
too frequent to ignore. More informa- 
tion about early language development 
in hearing-impaired children is needed, 
not only to help us predict the later pro- 
gress of such children, but also to illumi- 


nate the role played by specific levels of 
auditory input in young children's com- 
prehension and production of language. 


This paper will focus on the possible 
implications of hearing loss in terms of 
the prerequisites for language learning 
in young children. A final section will 
deal with the difficulties of assessing 
language development in children in 
this age range. 


PREREQUISITES FOR LANGUAGE 
LEARNING 


Because we all use language so read- 
ily as a means of communicating, we 
tend to take it for granted, and to be un- 
aware of the complexity of the behavior. 
What does it mean to be able to learn 
a language and use it in everyday com- 
munication? To learn a language, one 
must segment the stream of sounds, as- 
sign meaning to the segments, and un- 
derstand the rules governing the com- 
bination of segments into novel utteran- 
ces. This does not sound like a terribly 
difficult task for an adult who already 
knows a language, and who can ap- 
proach the language-learning task in 
terms of what one already perceives 
about language structure. Adults know 
that things have names, and that words 
are combined to make sentences. They 
know about noun plurals and verb 
tenses. One difference between the 
adult's situation and that of the young 
child would be that children learning a 
first language obviously cannot be guid- 
ed in this attempt by prior knowledge 
of language structure. What then, does 
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guide them? Before we can answer this, 
it is important to be clear about exactly 
what the child is learning. The best evi- 
dence we have now seems to indicate 
that when children learn language, they 
learn a set of rules, or a grammar, which 
they employ in constructing their own 
utterances. The process of gg es de- 
velopment is one in which the child's 
grammar comes to approximate that of 
the adult speaker of his language. Since 
it does not appear that anyone overtly 
teaches these rules to young children, it 
seems obvious that children must some- 
how figure them out. That is, the child 
listens to the language of the environ- 
ment and abstracts from it the rules 
which are used to generate it. It seems 
likely that children are able to do this 
because they are born with some innate 
predisposition to learn language. As 
Slobin! describes it, 

The complexity of this task (acquiring 
the underlying linguistic system) has made 
it plausible (to some) to postulate that the 
child's mind is somehow "set" in a prede- 
termined way to process the sorts of struc- 
tures which characterize human language, 
arriving at something like a transformation- 
al grammar of his native language. This is 
not to say that the grammatical system it- 
self is given as innate knowledge, but that 
the child has innate means of processing in- 
formation and forming internal structures, 
and that, when these capacities are applied 
to the speech he hears, he succeeds in con- 
structing a grammar of his native language. 

In other words, because of his innate ca- 
pacities, the child is able to assign struc- 
ture and meaning to the stream of 
sound he hears around him. 


It is all very well to say that children 
have an innate capacity to learn lan- 
guage, but that is really a very general 
statement. If children have an inborn 
ability to acquire language, they why 
do children seem to differ in their abil- 
ity to learn language? What is it that 
seems to prevent some children from 
proceeding at a normal rate through the 
stages of language development? Un- 
fortunately, it is not always possible to 
say what causes a child to fail to de- 
velop language normally. Many factors 
influence this development, and their 
complex interactions often make it very 
difficult to assign one single reason for a 
child's difficulty with language. In ad- 
dition, as most researchers would be 
quick to admit, there is much that we do 
not understand about the process of lan- 


guage acquisition. If we do not have a 
clear picture of what the normal child 
does, then it is only, reasonable to ex- 
pect that we will not be able to say 
exactly what is wrong when a child is 
not behaving normally. Given these 
cautionary statements, however, it is. 
possible to be slightly “more. specific 
about what prerequisites must be met if 
children are to learn language normally. 
The preconditions for learning language 
may be stated as follows: .. 


1. The child must be able to cognize 
the physical and social events encoded 
in language.? 


2. The child must be able to process, 
organize, and store linguistic informa- 
tion.? 


3. The child must be exposed to the 
referential event and the speech refer- 
ring to it simultaneously.? 


These will be discussed below under 
the headings "Cognition," "General Men- 
tal Operations," and *Environment." 


Cognition. When Slobin? says that a 
child must be able to *cognize the phy- 
sical and social events encoded in lan- 
guage," he does not mean simply that 
children must be able to tell the differ- 
ence betwen chairs and airplanes. Ie is 
saying something much more basic: that 
children must be able to organize realitv 
in such a way that they can communi- 
cate this reality to others throngh lan- 
guage. It is very difficult for us, as 
adults, to understand what it means to 
"organize reality." Perhaps an example 
will help here. One of the easiest ways 
to see how children's organization of the 
world is different from that of adults is 
to observe their early attempts to match 
words with meanings. The words in a 
language reflect the categories into 
which reality has been divided. So, for 
example, we have a kind of supercate- 
gory word "food," and a subcategory, 
"fruits" and a smaller subcategory 
“citrus fruit,” which has individual mem- 
hers “orange,” “lemon,” “lime.” “grape- 
fruit.” But we do not have a subcategory 
word for “long skinny fruit” or “round 
fruit” or “vellow fruit.” We simplv do 
not group fruits, in terms of vocabulary, 
on the basis of shape or color. That is, 
adults do not. Children may, because 
they have not learned the proper basis 
for organizing reality. It is not that chil- 
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dren make up words for their inappro- 
priate categories, It is rather that they 
overgeneralize the words they have. For 
example, one child:may learn to say 
“moon” after several nights of looking at 
a bright moon and being told the label 
for it. This child may then use “moon” 
to refer to the change in her mother's 
purse (bright, shiny, round), the kitchen 
light fixture (overhead, bright, but 
square ), a brass ashtray (round, bright, 
shiny), and a silver plaque (bright, 
shiny, but not round). In other words, 
the child’s use of “moon” indicates that 
she has formed a category of items 
which adults would never dream of 
lumping together. This is a common oc- 
curence in young children, and persists 
throughout the early stages of language 
development, as Bowermann‘ reports 
after observing her own two children. 
One of her daughters at age 15 months 
called a collection of coins, beads, and 
buttons in a bowl “money.” At 16 
months, she pointed to a circle of wax 
that had dripped from a candle onto the 
table and said, “money.” At age 17 
months, she touched the flattened metal 
clapper of a bell and said “money.” 
Then at 18 months, she pointed to the 
hole (about the size of a quarter) in the 
bottom of a plastic pail and called it 
“money.” Her sister extended the words 
"night night," which she first used in 
connection with dolls being put to bed, 
and later with other legitimate sleeping 
situations, in the following ways: 


Age 16 months, as she laid a bottle 
on its side. 


Age l7 months, 2 weeks, as she 
watched the Christmas tree being pulled 
away on its side. 


Age 17 months, 3 weeks, as she put 
sticks into a box, horizontally. 


Age 18 months, 3 weeks. as her moth- 
er flattened out cardboard cartons. 


Age 18 months, 4 weeks, as a name 
for cribs or beds, even where no one 
was currently sleeping. 


There is some controversy about the 
basis for children's early concepts. Some 
researchers, notably Clark* and Clark; 
maintain that these early organizations 
of reality have a perceptual basis; that 
is, that children have already begun to 


structure what they perceive in the en- 
vironment before any language is ac- 
quired, and that early language reflects 
these perceptual organizations. This 
kind of perceptual organization in the 
overgeneralizations reported earlier, in 
which "night night" appears to refer to 
some object or action involving hori- 
zontal positioning (a concept based 
perhaps on the child's perception of 
spatial positioning) or in which “money” 
appears to refer to smallness and round- 
ness (a concept related to the child's 
perception of shape and size). Sinclair- 
de Zwart,’ on the other hand, believes 
that the child’s action on the environ- 
ment provides the basis for his early 
concepts. This view is echoed by Nel- 
son’ who gives examples of how chil- 
dren’s earliest words are words referring 
to things the child can manipulate or 
be actively engaged with. Bowerman‘ 
suggests that this apparent controversy 
can be resolved if one notes that much 
of the child’s perceptual organization 
of reality may, in fact, be based on ac- 
tions the child performs on objects rath- 
er than on passive observation. 


While the examples given above have 
referred to the relationship between 
cognitive and linguistic development in 
terms of the child's development of 
word meaning, it is important to remem- 
ber that the child's development of the 
syntax governing word combinations 
may also be rooted in early cognitive 
development. Before acquiring lan- 
guage, a child must discover that objects 
exist as separate entities in the environ- 
ment, and that thev exist permanently, 
apart from the child's own ability to see 
or touch them. Elementary concepts of 
cause and effect, space, and time must 
also be acquired. As Morehead and 
Morehead? have expressed it, "the de- 
velopment of object concept and later 
of causal relations is an important met- 
ric for following the child's differentia- 
tion between himself and realitv, then 
between his actions and reality, and fin- 
ally between objects and events in real- 
ity.” Once the child can make these dis- 
tinctions, they can be reflected in lan- 
guage by distinctions betwen actor and 
action, or action and acted upon in mul- 
tiword utterances. 


Basic to all of language, of course, is 
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the child’s capacity to use symbols to 
represent reality. Early symbolic behav- 
ior can be seen when children pretend; 
ie, closing the eyes and falling the 
hands “symbolizes” sleeping. Play ac- 
tivities may also involve representation, 
as a child pushes a wooden block along 
the floor making a “motor” sound, thus 
letting the block represent a truck. This 
ability to allow one object or behavior 
to symbolize another object or behavior 
is a crucial precursor to verbal represen- 
tation, in which words first symbolize 
objects or events and later designate 
concepts. Representation also involves 
imitation, in which the child moves from 
immediate repetition of an action in the 
presence of the model, to deferred imi- 
tation. The presence of deferred imita- 
tion as part of a child’s behavior is evi- 
dence of the child’s ability to represent 
(literally, re-present) an event or an ob- 
ject which is not immediately present. 
This is, of course, the essence of sym- 
bolic behavior. 


As this very general discussion indi- 
cates, the process of “cognizing physical 
and social events" is complex, but it is 
a process which is inextricably inter- 
twined with language acquisition. This 
relates it immediately to any consider- 
ation of children who are not acquiring 
language normally. In the past, re- 
searchers (and others) concerned with 
children’s language acquisition paid lit- 
tle attention to the child’s prelinguistic 
cognitive development. It is only recent- 
ly that the relationships between cog- 
nitive and linguistic development have 
become a focus of attention, and it is 
likely that this focus will have a signi- 
ficant impact on our descriptions and 
treatment of children with abnormal be- 
havior. 


While we have no reason to believe 
that a mild-to-moderate hearing loss will 
affect overall cognitive development in 
young children, there is considerable 
reason to question the effect of hearing 
loss on specific concepts. Consider, for 
example, such adjective pairs as “loud- 
soft,” “near-far” (as applied to location 
cued by the sound made by a person or 
object), “high-low” (as applied to 
sounds), “quiet-noisy.” All of these are 
adjectives in common use in any first 
grade classroom, and all refer to con- 
cepts with a strong auditory perceptual 


component. A hearing-impaired child 
may use the words, but is not likely to 
have the same concepts underlying 
these words as a normal child. Other, 
less obvious examples can be given. One 
way to tell when another person is angry: 
is by attending to the tone of the voice. 
Young children often demonstrate con- 
siderable sensitivity tó variations in vo- 
cal pitch and intensity as indices of af- 
fective meaning. How much of this is 
lost on the hearing-impaired child? We 
cannot tell at this point. One necessary 
area of research, then, is that of investi- 
gating the prelinguistic cognitive de- 
velopment of the hearing-impaired 
child’s structuring of reality. Is it differ- 
ent from that of the normal child in 
ways that are likely to affect the child’s 
early attempts to match language and 
meaning? The difficulty for researchers 
in this area is that methodologies for 
studying prelinguistic cognitive develop- 
ment are still undeveloped, somewhat 
less than systematic, and in need of fur- 
ther testing. There is a good deal of 
basic research to be done here. 


The important point is that language 
development is a part of the child’s over- 
all intellectual development, and lan- 
guage cannot be isolated from this gen- 
eral developmental context. Slobin’ 
points out the inescapable fact that a 
child's language reflects his level of 
cognitive development, and that a child 
will not use a particular linguistic form 
meaningfully unless he has the cognitive 
functioning necessary to assign mean- 
ing to the form. Thus, most two-year- 
olds are incapable of using "yesterday" 
and "tomorrow" correctly’ because they . 
lack the adult concept of time which is 
necessary to understand these terms. It 
follows then, that, as Morehead and 
Morehead? have said, a child may be 
taught to imitate linguistic forms which 
are inappropriate to his level of cogni- 
tive development, but these forms will 
not be integrated into the child's lan- 
guage system or used outside the con- 
text in which they are taught. If a child 
who has difficulty acquiring language 
is ever to become a productive user of 
language, then language and overall 
intellectual development must be made 
to mesh. 


General Mental Operations. Adequate 
cognitive development, however, is not 
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in and of itself sufficient to insure nor- 
mal language development. While it is 
probably true that many children who 
have difficulty learning language also 
have difficulty in the area of cognitive 
functioning, many, such children also 
display problems involving the set of 
general mental operations necessary to 
process, organize, and store linguistic 
input. While it is not possible here to 
go into detail about all of these abilities, 
even a fairly general discussion should 
prove to be useful. 


When discussing children's language, 
we generally recognize two kinds of be- 
havior: comprehension and production. 
Many researchers have argued that the 
mental abilities which enable a child to 
comprehend and produce language are 
specific to language, rather than being a 
part of the child's overall intellectual 
functioning. Recently, however, several 
writers, among them Bever,? Ervin- 
Tripp? and Clark? have taken the posi- 
tion that children use a basic set of gen- 
eral mental operations to structure all 
sensory input, including auditory input 
in the form of language. This position 
has many advantages, perhaps the most 
important being the fact that it encour- 
ages those interested in language de- 
velopment to attend to all aspects of 
the child's development rather than fo- 
cusing on language alone. 


Comprehension of the message begins 
with reception of the auditory input. As- 
suming that hearing is normal and that 
the sound is loud: enough, reception of 
the sound is automiatic. It is physiologi- 
cal phenomenon in which the acoustic 
signal is transformed into a series of 
neurological events, so that the brain 
registers such features of the signal as 
loudness and duration. The next level 
involves several mental operations. Com- 
prehending at this level moves away 
from the direct auditory signal, involv- 
ing what Studdart-Kennedy" has called 
"the set of expectations, some learned, 
some probably innate, by which we can 
(and without which we could not) per- 
ceive the signal as speech, speech as 
language." In other words, at this level 
you begin to recognize that the sounds 
I made were speech sounds, which you 
can categorize according to the sound 
system of a language. The ability to 
recognize sounds as "speech" appears 


to be an innate ability. This would im- 
ply that, just as the vocal tract evolved 
to enable us to produce speech sounds 
easily, so the mechanisms of the brain 
evolved to enable us to recognize speech 
sounds easily. At this point, it seems that 
the ability to recognize sounds as speech, 
regardless of the language being spoken, 
is a part of being human. Even though 
the acoustic signal may be perceived as 
speech, however, further conversion of 
the signal is necessary before it can 
be perceived as language. This involves 
a "filtering" of the signal to look for 
units at different levels. Most of us in- 
tuitively assume that a sequence must 
be broken up into words. However, 
there are smaller units than the word. 
We are quite accustomed to breaking 
words into syllables, for example, and 
they may be broken down still further 
into phonemes. Psychologists and lin- 
guists have devoted a great deal of effort 
to answering the question, ^which level 
is the basic unit of perception?" Many 
researchers now feel that we "focus" on 
syllables as we decode utterances. This 
does not mean, though, that children do 
not learn phonological rules. Rather, it 
is necessary for children to internalize 
the set of rules which govern the pho- 
nemic system of their native language, 
because it is in terms of this system that 
the young child characterizes syllable 
structure. This implies, then, that at 
some point children must learn which 
acoustic features are used to discrim- 
inate sound in the language they are ac- 
quiring. For example, voicing is an im- 
portant sound feature for speakers of 
English. We use it to distinguish /p/ 
from /b/, /t/ from /d/, /k/ from /g/. 
The speaker of English must be able to 
tell whether a given sound is voiced or 
unvoiced (an ability which may be in- 
nate) and must then use this feature to 
assign the sound to the proper phonemic 
category (an ability which surely in- 
volves learning). No one maintains that 
the set of phonemes used by speakers 
of a given language is innate: it must be 
learned as a part of the process of lan- 
guage acquisition. Given the evidence 
that even children less than one year old 
can understand some of the language 
they hear, it would appear that at least 
some of the child's learning about the 
phonological rules of the language oc- 
curs easily and quickly. 
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The mental operations involved at 
this point can be summarized by saying 
that the child must have the abilities of 
identification, recognition, and discrim- 
ination. They must be able to identify 
sounds phonemically, recognize sounds 
previously identified, and discriminate 
one sound category from another. 


The final stage of the process is the 
level at which full comprehension of the 
acoustic signal as a linguistic event oc- 
curs. This comprehension depends on 
the prior development of symbolic rep- 
resentation, together with a knowledge 
of syntax, semantics, and the rules for 
communicative appropriateness. The pat- 
tern of speech sounds identified at pre- 
vious levels must be recognized as sym- 
bols (words) representing some concept 
or concepts. The ability to use speech 
sounds as symbols serves as the basis 
for all spoken language. If the listener 
cannot assign meaning to the sounds 
(that is, if he cannot use speech sounds 
as symbols), then the process of decod- 
ing will stop. In addition to assigning 
meaning to the sounds, the listener must 
also work out the relationships among 
the various words in the utterance, or, 
to put it another way, the listener must 
decode the syntax. (It is important to 
remember that assigning meaning to the 
sounds and working out the syntactic 
relations are likely to be simultaneous 
rather than sequential activities.) 


Decoding the syntax involves such 
things as deciding who performed the 
action in "The man kicked the elephant,” 
or which action took place first in “After 
Sally screamed, the man ran away." It 
is through an underlying knowledge of 
the rules of English syntax that listeners 
can make such decisions. Children who 
have not fully developed such knowl- 
edge will often misinterpret sentences 
like "The boy was hit by the girl" to 
mean that the boy did the hitting. The 
ability to perceive certain basic relations 
among the words in a sentence, such as 
actor-action or action-object relations, 
may be innate, but as the example 
above shows, what the child must learn 
is all the ways these relations are ex- 
pressed in the particular language he is 
using. 


Together with a capacity for symbolic 
representation and a knowledge of se- 


mantics and syntax, rules for communi- 
cative appropriateness must also be em- 
ployed. The knowledge of the social 
conventions governing the appropriate 
use of language in communication sit- 
uations is a part of what Hymes has 
called communicative competence. A 
listeners communicative competence 
allows him to make such. judgments as 
whether an utterance is sareastic or se- 
rious, whether a question is real or rhe-.. ~ 
torical, and whether the style fits the’ 
situation. Very little is known about - 
children’s development of such knowl- 
edge, although it is assumed to be en- 
tirely learned rather than innate. 


The abilities of the hearing-impaired 
child to process, organize, and store 
linguistic input present us with the most 
obvious interference points for language 
learning. If a child does not receive the 
entire auditory signal, then some infor- 
mation is being lost. The problem is, we 
don't know exactly how much of the in- 
formation provided in the auditory sig- 
nal is crucial for early language learn- 
ing. Some insight into the possible dif- 
ficulties faced by the hearing-impaired 
child is provided by work in progress 
at the University of Washington by Kuhl 
and her associates. Perception tests have 
been designed to test the identification 
of fricative, stop plosive, and nasal 
consonants under three conditions: 1) 
lipreading alone; 2) listening alone 
( with hearing aid); and 3) both lipread- 
ing and listening. The task was designed 
to test the child's ability to identify cor- 
rectly, closely related phonemes from a 
relatively large sét. Having to identify 
the phoneme: is like a normal listening 
situation in which the child somehow 
has to code and remember the stimulus 
long enough to classify it as one*of the 
choices available to him. The general 
plan of these investigations is to com- 
pare the perceptual profiles of in- 
dividual children with their production 
profiles in spontaneous and elicited- 
speech situations. While this research is 
still in its preliminary stages, it is one 
example of the kind of research we 
need, to discover how much (and what 
kinds of) information about the speech 
signal can be obtained by the hearing- 
impaired child through the auditory mo- 
dality, through the visual modality, and 
through a combination of the two. 
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It is extremely difficult to discover 
. where or even whether difficulties with 
` the general mental operations involved 
in decoding and encoding language are 
responsible for a given child's language 
problemi. Tests can be given to find out 
about a child's memory span, or about 
his or her ability to match sounds that 
are the same, for example. The problem 
with attempting to decide exactly where 
a child lacks ability is that we are not 
always sure which specific abilities are 
related to which aspects of language 
functioning. Language is complex be- 
havior, and while we may occasionally 
pull out a whole piece of the puzzle, we 
can never be quite sure we have it all. 


Environment. Because it is often so 
difficult to evaluate the influence of cog- 
nitive development or general mental 
operations on language development, 
many children's language problems are 
assigned to "the influence of the en- 
vironment.” Every child who develops 
normal oral language needs a stimulat- 
ing environment and an opportunity to 
use language in interaction with other 
people. Most children are exposed to a 
variety of language, from radio and 
television, from adults, and from other 
children. They see, touch, and smell. 
They manipulate different materials, 
and participate in and observe many ac- 
tivities. They are given opportunities to 
try out their developing language, and 
in most environments, there is usually 
somebody who will listen and respond. 
We know that children raised in insti- 
tutions, who .lack environmental stimu- 
lation (not only auditory, but also vis- 
ual, tactile, and kinesthetic), and who 
do not interact with other people, will 
be extremely retarded in language de- 
velopment. In fact, their overall devel- 
opment is generally far below normal. 
These environments, fortunately, are 
rare. For thé most “part, it seems that 
normal children can learn to talk in the 
face of seemingly overwhelming odds. 
Children have been observed to learn 
language even though they were brought 
up in one-room, slum apartments, with 
eight people sharing the space, the radio 
blaring all day and most of the night, 
and mealtime occurring whenever there 
happened to be food in the house. While 
no one would maintain that this is the 
best environment for a child, neither 


should anyone maintain that this en- 
vironment alone is sufficient to interfere 
with the child's language development. 
The thing to remember is this: infor- 
mation about a child's environment is an 
important part of the picture of the 
whole child. However, it is just that — a 
part of the picture. In evaluating en- 
vironmental influences on language de- 
velopment it is easy to impose one's own 
cultural biases about what a good en- 
vironment is, and these biases are as 
likely to interfere with as they are to 
facilitate further assessment of the child. 


With this in mind, however, it is worth 
considering what an environment does 
offerto a child which facilitates language 
learning. Ervin-Tripp? offers a reasoned 
and succinct statement on this question. 
She says first that a child must be ex- 
posed to language which is related to 
significant events. This means that lan- 
guage should be associated with feed- 
ing, dressing, cuddling, and other such 
child-oriented activities. Children will 
not necessarily focus on language which 
occurs as "background noise" in the en- 
vironment. This makes it unlikely that 
any child could learn to talk just by 
having a television set turned on for 
eight hours a day. It is also necessary 
for the child to hear language in the con- 
text of the events or things to which the 
language refers. This cooccurrence of 
speech with referential events is crucial. 
Imagine how it would be to try to learn 
about the semantic system of a language 
if you only heard that language spoken 
in a white painted room with one table, 
two chairs, no windows, and a door. 
Even if you heard a rich vocabulary and 
perfect syntax, you would find it excep- 
tionally difficult to relate this vocabu- 
lary and syntax to anything in reality. 
This does not mean simply that there 
must always be an object present for a 
child to learn what a noun means, or 
that every verb must be heard in the 
presence of some overt action. The 
child’s interpretation of reality, and his 
matching of language to that reality is 
more complex than this. What is being 
said here is that children must hear lan- 
guage in conjunction with the total con- 
text to which that language refers, if 
they are ever to learn how reality is 
mapped in the language system. 


While the cooccurrence of speech 
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with referential events is undoubtedly 
necessary for language learning, there 
are other characteristics of a normal, 
language-learning environment which 
may or may not be necessary. For ex- 
ample, research indicates that mothers’ 
speech to children is generally slower, 
less complex, and more repetitive than 
their speech to adults;?'* Sequences 
such as the following, addressed to a 
two-year-old by her mother, are not un- 
common. 


Put the block in the hole, honey. 
That's right, put it right there. 
Put it in the hole. 

See, the block fits this hole. 

Put it right in here, in this hole. 


We do not know whether children need 
this kind of input to learn language, or 
whether it even facilitates language 
learning. It does seem to be a marked 
feature of parents' language to children, 
however. 


The purpose of this discussion has not 
been to imply that children having prob- 
lems with language learning may not 
have facilitative environments. It is, 
rather, to underline the fact that we are 
not sure, beyond a bare minimum, 
which features of any environment are 
necessary for language learning to oc- 
cur. Certainly, every child deserves a 
loving, careful, stimulating home en- 
vironment, with two parents and plenty 
of supervised peer-group interaction. 
But this does not imply that a child who 
ns any of this will lack language as 
well. 


The difficulty for the hearing-im- 
paired child in regard to environmental 
support is, of course, that the child may 
be unable to take advantage of what the 
environment provides. If a child's hear- 
ing loss is intermittent, as may be the 
case with children having otitis media, 
the connection between the language 
and the environmental situation to 
which it refers may be sufficiently in- 
consistent to cause the child problems 
with these connections. We know that 
normal children often use the nonverbal 
context in a situation to provide redun- 
dant cues which may serve to supple- 
ment the linguistic input. It is likely that 
hearing-impaired children do this as well. 
One possible area for research involves 


discovering whether hearing-impaired 
children are more adept at making use of 


: nonverbal contextual cues, and whether’ 


they can be trained to use these cues if 
necessary. 


As the opening paragraphs of this 
paper suggested, much of the research 
needed to clarify issues about the lan- 
guage development of the hearing-im- 
paired child will also serve to clarify the 
process of language development in nor- 
mal children. The research issues that 
seem most important at this point do 
not involve tracing the development of 
language forms or establishing the age 
at which hearing-impaired children do 
things with language that normal chil- 
dren are known to do. Rather, the im- 
portant research isues involve the strat- 
egies employed by individual children as 
they approach the language-learning sit- 
uation. To what extent are hearing-im- 
paired children able to build on the 
same kinds of cognitive bases as normal 
children? How do hearing-impaired 
children process, organize, and store 
linguistic input? How do hearing-im- 
paired children use environmental sup- 
port for language learning? The answers 
to these questions, and others like them, 
will illuminate the study of language 
learning in all children. 


ASSESSING CHILDREN'S LANGUAGE 


In assessing the language ability of 
any child it is important to know exactly 
what kinds of language behavior have 
been observed in the child. Language be- 
haviors can be classified.as imitation, 
comprehension, or production, A child 
who can imitate the sentence “I see you” 
may not comprehend it, and a child 
who can both imitate: and comprehend 
may not be able to produce it spontane- 
ously. If one wishes to make any esti- 
mate of a child's "capacity" for lan- 
guage, it will be necessary to look at 
all three kinds of language behavior. 
This is especially true of children who 
have language problems, since their per- 
formance in one area may exceed that 
in another. For example, some children 
show great ability to comprehend lan- 
guage, but when their ability to produce 
it is tested, they are far below what one 
might expect. 


Normal children's imitation, compre- 
hension, and production behaviors have 


62, RITA C. NAREMORE 


been described by a number of research- 
ers. Generally, it appears that normal 


‘children are able to imitate linguistic 
„© forms before they understand them, and 
“to comprehend them before they pro- 


duce them. There are some limitations 
on this statement, however. If a normal 
child is given a sentence to imitate 
which exceeds his short-term memory 
capacity (for example, if a two-year-old 
is given a sentence like “Daddy is wash- 
ing his hands"), the child will change 
his imitation to conform to his spontane- 
ous production. In other words, rather 
than giving "Daddy is washing his 
hands" back in imitation, the two-year- 
old child would probably say "Daddy 
wash hands," which is the kind of sen- 
tence he might produce without any 
prompting at all. This can be explained 
by saying that what children do in imi- 
tating sentences is decode the input. If 
the input sentence is short enough, they 
will repeat all of it, just as though it 
were a list of unrelated. words. How- 
ever, if the input sentence is too long 
for them to hold in memory as a series 
of unrelated words, they will process it 
in terms of whatever syntactic know- 
ledge they have, discarding those parts 
which are redundant or meaningless to 
them, repeating those parts which con- 
vey the meaning they have understood. 
This process can be seen clearly if a 
young child is given a sentence like 
"The boy was hit by the girl." Often, this 
will be repeated as *boy hit girl." That 
is, presumably, what the child under- 
stood the sentence to mean, if his know- 
ledge of syntax did not extend to pas- 
sive sentences. The use of such imita- 
tion tasks with. hearing-impaired chil- 
dren might also serve to show whether 
there are certain parts of the linguistic 
input which the ‘child consistently fails 
to process. Clearly; imitation and com- 
prehension are closely related aspects 
of young children's language behavior. 
This is also true of comprehension and 
production. 


Almost any adult, observing a normal 
two-year-old will marvel that the child 
seems to understand so much language, 
even though he produces so little. This 
judgment is usually based on the child's 
responses to commands or questions. 
However, in making a decision about 
what a child can understand based on 


the child's responses to commands and 
questions, we may often overestimate 
the child's comprehension. For example, 
the two-year-old who responds to the 
mothers command, "Bring me your 
story book, so we can read about the 
bear," may only have processed “book” 
or "bring book" in order to respond ap- 
propriately. If the mother happened to 
point to the book as she spoke, the 
child's need to understand the linguistic 
form of the whole command would be 
still smaller. The child who responds to 
the sympathetic question "Did you fall 
down and hurt your knee" by pointing 
to his cut leg may only have processed 
"knee." This would imply that for young 
children, comprehension may not, in 
fact, be very far advanced over produc- 
tion. Without careful testing, it is im- 
possible to say specifically which as- 
pects of language are being understood 
by children. 


The desire of many researchers and 
clinicians to obtain a "pure" assessment 
of a child's ability to comprehend spok- 
en language often seems to defeat the 
purpose for which the assessment is be- 
ing made. Children deal with language 
in the situations in which it is used, and 
there is little question that normal lan- 
guage comprehension is based on multi- 
ple situational cues. In assessing the 
ability of the hearing-impaired child to 
comprehend language, it seems partic- 
ularly important that we obtain some 
measure of “natural” comprehension 
abilities. The contextual factors in a sit- 
uation, which may be used by a child to 
interpret an utterance should not be 
viewed as contaminating factors. Rath- 
er, these contextual cues should be sys- 
tematically varied in our assessments, 
so that we might arrive at some more 
revealing picture of the hearing-im- 
paired child's abilities to use the total 
set of cues available to them. 


If the child produces language spon- 
taneously, it is important to determine 
the level at which the child is function- 
ing in production, and how this function- 
ing relates to that in comprehension 
and imitation tasks. Children's ability 
to produce language may be observed 
in purely spontaneous situations, where 
the child interacts with a parent or plays 
with another child, or it may be eval- 
uated in a more structured situation in 
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which an adult attempts to elicit lan- 
guage from the child. The complexity of 
the childs language may be strongly 
affected by the nature of the situation 
in which the language sample is ob- 
tained. For example, if a child is fright- 
ened, he may not produce much lan- 
guage, or may give only one-word re- 
sponses to questions. For this reason, it 
is important that any measures of pro- 
ductive ability be carefully evaluated, 
and that more than one measure be tak- 
en in evaluating any individual child's 
abilities. 


SUMMARY 


I have not attempted to review the 
sparse and often unrevealing body of `- 
literature on the language of hearing. 
impaired children. Rather;:l have at- 
tempted to provide a theorétical per- 
spective from which we may discuss the 
kinds of research we need in this area. 
We know so little at. this point, that al- - 
most any attempt to focus on the lan- 
guage-learning strategies of young, 
hearing-impaired children will move us 
forward. 
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DESIGN FACTORS IN THE ASSESSMENT OF INTELLIGENCE 


Frances DEcEN Honowirrz, PhD 


LAWRENCE, KANsAs 


The use of intelligence tests to assess the effects of otitis media on the development of 
children is discussed in this article. An overview of the development of intelligence tests is 


provided and some of the limitations and central issues of controvers 
testing and the IQ are reviewed. Basic intelligence tests are describ 


concerning intelligence 
in terms of their char- 


acteristics and uses; the questions which an investigator must ask about any given intelligence 


test measure are posed 


and answered. Finally, cautions concerning the applicability of intelli- 


gence tests for evaluating the effects of otitis media are offered. 


. . Given the problems associated with 
‘otitis media and the ages at which peak 
-= incidences of otitis media tend to occur, 
it might seem logical to suspect that 
otitis media would affect measures of 
^ intellectual performance and the de- 
«velopment of intelligence. In consider- 
ing various research strategies to study 
such effects it is necessary to consider 
the instruments available for measuring 
intelligence. It is also necessary to un- 
derstand how such measures have been 
developed, how they may be inter- 
preted, their limitations, and their ad- 
vantages. 


. This background is not easy to ac- 
quire Thte igence testing has a long his- 
tory,and that history involves more 
than just the development of instru- 
ments. Part of the history is imbedded 
in controversies over the concept of in- 
telligence itself; part of the history is in- 
volved in some of the most emotional 
debates our society has known. The is- 
sues that are even now being argued re- 
late to. basic questions about the rela- 
tive.role of hereditary and experiential 
"factors" in the development of intelli- 
gence. One has only.to look at a sample 
of the reeent*publications on this set of 
issues to. appreciate the nature of the 
arguments. If one considers the 
amount of: misconception abroad, both 
in the general public and the profession- 
al public, about the concept of intelli- 
‘gence, this material may bear repeating. 
Intelligence is not a number stamped on 
your i sed from the time you are 
born ànd ever unchanging, but is a rath- 


er arbitrary way of assessing the behav- 
ioral repertoire of an individual and 
assigning it a relative level within a ref- 
erence population. 


In the first section of this paper an 
attempt will be made to provide a brief 
orientation to the history of intelligence 
testing and to provide a description of 
the different ways in which intelligence 
has been conceptualized. The second 
section of the paper will describe some 
of the standard intelligence tests avail- 
able and present the major questions 
that must be posed in selecting an in- 
telligence test for purposes of research. 
The final section of this paper will be 
devoted to a consideration of the spe- 
cific applicability of intelligence test 
measures in otitis media research and to 
proposals concerning possible choices 
and alternatives open to an investigator. 
In keeping technical detail and jargon 
to a minimum and in holding the prac- 
tical needs of the clinical researcher in 
the forefront, it is hoped that this paper 
will enable investigators to make in- 
formed choices of measurement instru- 
ments in designing their research. 


OVERVIEW OF DEVELOPMENT 
OF INTELLIGENCE TESTING 


Most of the basic textbooks on intelli- 
gence testing^*? begin their historical 
review of the concept of intelligence 
and the development of tests for mea- 
suring intelligence with Sir Francis Gal- 
ton in England and James McKeen Cat- 
tell in the United States. Galton was in- 
terested in individual differences and in 
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inherited characteristics. He thought of 
intelligence as an innate ability and he 
set out to demonstrate this. In the 1880s 
he established a laboratory designed to 
measure physical and mental capacities. 
Because he assumed that intelligence 
was highly correlated with sensory func- 
tions his tests were largely evalu- 
ations of sensory discrimination abilities. 
Though Cattell was less wedded to an 
hereditary hypothesis concerning intelli- 
gence, he also relied heavily upon tests 
of sensory discriminations and simple 
reactions. The measurement strategy 
of evaluating sensory functioning advo- 
cated by Galton and Cattell was ulti- 
mately abandoned; however, their theo- 
retical orientations exerted a large and 
continuing influence upon the whole 
study of intelligence. 


The individuals credited with offering 
an ultimately successful alternative mea- 
surement strategy in the assessment of 
intelligence were those associated with 
Alfred Binet working in Paris, France. 
Binet and his colleagues felt that intelli- 
gence was better defined in terms of 
"higher mental processes" rather than 
simple sensory functioning. By higher 
mental processes they meant abstract 
reasoning and problem solving. The 
educational authorities of Paris had 
commissioned Binet and his coworker, 
Simon, to develop procedures for identi- 
fying mentally retarded children in 
schools who could not benefit from the 
standard school program. In responding 
to this request Binet and Simon de- 
vised a strategy whereby children were 
scored as passing or failing on selected 
tasks. Children of different ages were 
presented the same tasks. The tasks 
were ordered according to assumed dif- 
ficulty. The first scale, published in 
1905, consisted of 30 tests. Subsequent 
revisions and extensions were devel- 
oped by Binet and Simon in 1908 and 
1911. The 1908 revision of the scale was 
more specifically an age ordered scale 
with items arranged in terms of actual 
performance by children at different 
ages. For example, the digit span mem- 
ory task might consist of telling the 
child a series of digits and asking the 
child to repeat them. If 302 of the three- 
year-olds could repeat four aps and 
554 of the four-year-olds could repeat 
four digits, then correct repetition of 


four digits would be assigned to the 
four-year level because this was the 
earliest age level at which 50% or more 
children could do the task. The kinds of 
tasks chosen by Binet and Simon be- 
came prototypical for intelligence test- 
ing (eg, digit span memory, memory 
for pictures, vocabulary definitions, imi- 
tation of motor behavior); the age 
placement approach was also adopted as 
basic strategy for test development. The 
total number of tasks successfully com- 
pleted by the child was translated into a 
score and this score resulted in a “mental 
age” being assigned to the child. The 
concept of mental age contributed to 
the field but in some ways is very mis- 
leading as a general concept, though not. ~ 
as a technical concept. Binet thus intro- ` 
duced the concept of mental age as sep- 
arate from the concept of chronological 
age. The 1908 and 1911 Binet-Simon `- 


tests were suitable for children from 3^ — 


years of age to 13 and adult level, re- 
spectively. In 1912 Kuhlmann made the 
first attempt to test children under 
three years of age by extending the 
Binet-Simon scales down to evaluate in- 
fants. The testing of infants and the 
definition of intelligence during the in- 
fancy period have presented some very 
special problems and we shall return to 
a discussion of these issues later. An 
example of where the concept of mental 
age breaks down as a useful concept. 
and which I think is a very informative 
one for students, is to take a normal 
two-year old who tests out with a nor- 
mal intelligence quotient (IQ), (thus, 
assigned a mental age of two) and who 
has a behavioral repertoire that you 
would expect from most two-year-olds. 
A menial y retarded ten-year-old child 
will be assigned a mental age of two if 
his/her test results are similar to those of 
normal two-year-olds, although when 
compared side by side, the resemblance 
ends with that technical ' description 
of them because their behavioral reper- 
toires are quite different. So, mental 
age as a concept across a very broad 
population of children functioning at 
different levels is not an equivalent kind 
of descriptive term. 


Lewis Terman, associated with Stan- 
ford University, adopted and adapted 
the Binet-Simon Scales for testing in- 
telligence in American children; in 1916 
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he published the test that was to become 
the standard for American testing, the 
Stanford-Binet. It was Terman who de- 
vised the IQ. He did so by taking the 
` mental age (MA) assigned to the child 
in-a manner similar to the Binet-Simon 
. approach and dividing it by the chrono- 

logical age (CA) of the child. Multiply- 
ing the outcome by 100 yields the IQ 
(formula; = x 100). The 1916 Stan- 


ford-Binet consisted of 90 items and cov- 
ered the age from three years to adult 
level. 


The Stanford-Binet has undergone 
two major revisions: one occurred in 
1937 and the most recent revision was 
done in 1960. In the 1937 and 1960 ver- 
sions children as young as two could be 
tested. The 1960 version is in use today. 
The test must be administered by a 
trained evaminer on an individual basis 
and a large body of research on the 
Stanford-Binet now exists.^? Soon after 
the first publication of the Stanford- 
Binet in 1916 other tests were developed 
and presented. Some were variations of 
the Stanford-Binet; some were designed 
for group administration rather than in- 
dividual administration; some were 
based upon differing theories about the 
nature of intelligence. 


The theoretical discussions concerned 
the nature of intelligence and, given the 
nature of intelligence, proper measure- 
ment techniques. Galton, as we noted, 
was interested in hereditary differences. 
He assumed that his early tests were 
measures of fixed, innate ability and 
that sensory functioning measurement 
would reveal the individual's intellectual 
capacities. Binet, on the other hand, 
“not only conceptualized intelligence as 
` being‘revealed in tests of abstract think- 
ing and problem solving, but he thought 
that intellectual ability was subject to 
being trained. Brody and Brody? men- 

tion that Binet proposed the develop- 
ment of training exercises which he 
called “mental orthopedics:” “These 
procedures were designed to increase 
the facility on certain component skills 
with the expectation that such training 
would improve overall intellectual func- 
tions? The issue of intelligence test- 
ing has been a very controversial one 
with the debate over group differences 
and whether they are genetically or en- 


vironmentally based. Over the course of 
the last 70 years test development at- 
tempts have been paralleled by theoreti- 
cal analyses of the concept of intelli- 
gence. Is intelligence a single ability or 
many attributes? Can one be very intelli- 
gent in one domain and not intelligent 
in others? Is there an underlying overall 
general intellectual ability which is ac- 
companied by specific intelligence in 
particular areas? Is intelligence "given" 
at birth but not able to be measured 
easily then because of the infants 
limited behavioral repertoire or is it 
something that develops as a function of 
experience? As a function of experience 
and genetic inheritance? Will IQ change 
from exam to exam or remain relatively 
stable? 


The question of infant intelligence 
was a particularly difficult one because 
of the severe measurement problems.’ 
If intelligence is a capacity with which 
one is born, then one might be moti- 
vated to try to make the earliest mea- 
surement of it possible in order to cate- 
gorize and/or make proper plans for 
the child. Such was the aim of those who 
developed the earliest infant intelligence 
tests, but theoretical disagreements were 
founded upon the problems of finding 
early reliable and predictable measures 
of intelligence. 


While a full discussion of the various 
theoretical issues concerning the nature 
of intelligence is beyond the scope of 
this paper, a brief review of the central 
issues will be helpful in developing the 
background needed for making de- 
cisions concerning research designs that 
might involve measures of intelligence. 
Some of the early theoretical arguments 
concerned the question of whether in- 
telligence is best described as a central, 
general ability with some specific, satel- 
lite abilities," or whether intelligence is 
made up of a number of different abili- 
ties which form clusters or factors.'?'? 


A recent variation on the notion that 
intelligence involves clusters of abilities 
has been proposed by Guilford.*:* Ac- 
cording to Guilford, intelligence is made 
up of a large number of potential abili- 
ties (120) which can be described in 
terms of a combinational matrix involv- 
ing three major dimensions. The struc- 
ture of the intellect is thus derived from 
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the three major dimensions and their 
subcategories: operations (such as 
memory, evaluation, etc); content (such 
as symbolic or semantic elements); and 
product (such as units, classes, or trans- 
formations). Guilford has developed an 
extensive series of tests designed to tap 
this structure of the intellect. 


Intelligence has also been described 
as being made up of a basic, innate abil- 
ity (fluid intelligence) that finds ex- 
pression in performance on intelligence 
tests (crystallized intelligence). The 
test performance (or crystallized) intel- 
ligence is thought to be the result of 
both innate ability and experience.'^'? 
Neither Guilford nor Cattell describe 
their theories of intelligence in terms of 
development. Rather, their theoretical 
discussions, as has been true of many of 
the theoretical analyses of intelligence, 
assume a completed adult form of intel- 
ligence. The limited nature of the child's 
behavioral repertoire may make it hard- 
er to measure true intelligence, but the 
definition of intelligence is not thought 
of as requiring any modification when 
referring to children. 


The lack of concern for including the 
development of intelligence in discus- 
sions of the definition of intelligence has 
some major exceptions. Jean Piaget, the 
Swiss psychologist, has revolutionized 
the thinking about cognitive develop- 
ment in children and about the develop- 
ment of intelligence from infancy 
through adolescence and with his formal 
theory of genetic epistemology.'??? The 
theoretical writings of Arthur Jensen are 
also an exception in that Tun is con- 
cemed, primarily, with a developmental 
perspective in his discussion of intelli- 
gence. His point of view has been 
among the most controversial.?^?' Jen- 
sen has claimed that intelligence in- 
volves two types of basic abilities, as- 
sociative and cognitive. Both, according 
to Jensen, are determined by genetic 
factors but they have different develop- 
mental rates of expression in children. 
Further, the controversial nature of Jen- 
sen's proposals derive from the fact that 
Jensen interprets observed differences 
in cognitive ability performance among 
racial and ethnic groups as having ge- 
netic determinants. Cognitive ability, 
according to Jensen, is a higher and 


more important ability than is associa- 
tive ability, and certain groups are more 
genetically endowed in cognitive ability 
than other groups. 


At the present time there is no gen- 
eral consensus among psychologists as to 
the realtive validity of the different 
theoretical points of view. Most of the 
recent critical analyses and discussions 
have been concerned with the contro- 
versial aspects of group differences.^* 
The lack of a large body of relevant 
data critically testing underlying as- 
sumptions of various points of view has 
hampered rational discussion of the 
group difference theories as well as 
discussions of general theoretical is- 
sues.^** When it comes to the question 
of evaluating the intelligence of infants 
and of relating those evaluations to theo- 
retical discussions of infant intelligence 
there is a great deal of relevant data. It 
is now clear that older and current tests 
of intelligence given in the first year and 
a half to two years of life have no pre- 
dictive value for later intelligence; be- 
tween two and four years of age there 
is no moderate predictability to later 
intelligence. Only when one approaches 
five and six does prediction to intelli- 
gence in the middle school years and 
later begin to approach more than mod- 
erate levels.^?* Thus, an early estimate 
of supposedly "real" intellectual capa- 
city is not now possible. Further, the 
entire concept of "real intellectual ca- 
pacity" during the infancy period is be- 
ing questioned.!^??-?* However, we have 
a much more sophisticated view of in- 
fant development now than we did 25 
years ago. We know how infants relate 
to the environment, the kinds of infor- . 
mation they pick out of the environ- . 
ment, the ways in which they use this in- -` 
formation to further relate to the envi- 
ronment, and we are constantly revising 
downward (in age), our concept of the 
the sophistication of the infant as an in- 
formation processing organism in every 
modality where we can measure infant 
behavior. We now have the technology 
for looking at the behavorial repertoire 
of newborn infants and their response to 
visual, auditory, tactile, and olfactory 
stimuli. This response repertoire is not 
just reflex, but involves voluntary seek- 
ing and tracking of stimuli. Thus the 
newborn infant comes into the world 
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well equipped to detect stimulus chang- 
es in the environment. Questions have 
been raised about the enterprise of mea- 
suring intelligence in infants and about 
the nature of the development of intelli- 
gence in the early years of life. The con- 
cept of intelligence and IQ, when speak- 
ing of infants, has given way to con- 
cepts such as developmental quotient 
and developmental status. Measures of 
developmental status in infants and the 
use of such measures for predictive pur- 
poses raise other issues to which we shall 
return. 


Despite the doubts and debits con- 
cerning the testing of intelligence in 
children, instruments evaluating the in- 
tellectual performance of children are 
widely. used. Let us now turn to a dis- 
cussion of their characteristics and uses. 


TESTS OF INTELLIGENCE: 
CHARACTERISTICS AND USES 


The two most widely used individual 
tests of intelligence for children are the 
Stanford-Binet^*?* and the Wechsler In- 
telligence Scale for Children (WISC).?° 
The Stanford-Binet can be used with 
children as young as two while the 
youngest age for which the WISC is ap- 
propriate is five. A preschool form of the 
WISC, the Wechsler Preschool and Pri- 
mary Scale of Intelligence (WPPSI) is 
available for children from four to 6% 
years of age. A list of some of the most 
frequently used tests of child intelli- 
gence is given in part B of the Appendix 
along with some important character- 
istics for each test. There is a standard 
set of characteristics against which tests 
are described and evaluated as being 


^. .appropriate or inappropriate for particu- 
Jar groups and purposes. It is important 


to evaluate an instrument for use in a 
research program in terms of these char- 
acteristics., The characteristics are best 
described in the form of questions and 
a brief discussion of what the question 
means. Many of the questions one poses 
concerning intelligence tests are no dif- 
ferent from questions you would ask in 
relation to a variety of physical test 
evaluations. 


Question 1. Is the Test Reliable? 
There are two interpretations of this 
question. The first interpretation means: 
if two different people gave the same 
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test to the child would the results be the 
same. This is referred to as tester or 
scorer reliability. Some indication in the 
description of a test regarding scorer 
reliability should be available for any 
test you are considering. The second in- 
terpretation means: if the same child is 
given the same test (or an alternate 
form of the same test) on two different 
occasions not separated greatly by time 
would the results be roughly the same. 
This interpretation, referred to as test- 
retest reliability, has been shown to be 
relatively high. Depending upon the 
research questions being asked, test- 
retest reliability may itself be part of the 
research, and in such an instance the 
question of test-retest reliability can be- 
come a complex issue.*:?? 


Question 2. On what Groups has the 
Test been “Standardized”? This question 
relates to the issue of the normative base 
used in the development of the test. 
Many of the early versions of intelli- 
gence tests used very restricted, narrow 
samples of children for the development 
of the norms — Caucasian, middle class, 
urban or small city children. Norms thus 
developed may be quite inappropriate 
for evaluating children from different 
backgrounds than those used in the 
standardization group. There is tremen- 
dous variability in the sensitivity of the 
tests in the arbitrary selection of items 
which may be very culture-specific. 
It is probably impossible to have a test 
that cuts across every population that 
is equally fair in terms of reflecting ex- 
perience of individuals in a population 
(ie, vocabulary). This has been a par- 
ticularly sensitive issue in relation to the 
testing of minority children.**?' These 
cautions are important in interpreting 
reports of testing in groups of children 
with high incidence of otitis media such 
as American {Indian or Eskimo popula- 
tions. 


Question 3. What Kinds of Results 
does the Test Yield? This question refers 
to the form of the results. Is there a 
single score that summarizes the overall 
result of the test? Is the result of the 
test given in terms of several scores, 
subscores on different parts, or as a pro- 
file of scores? Is there any guide to in- 
terpreting the score or scores in terms of 
identifying a child as normal or not nor- 
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mal or in relative placement of the child 
with respect to some reference group? 


Question 4. Have the Results of this 
Test been Related to Anything? Does 
the test provide a picture of current de- 
velopmental status and is this correlated 
with any other current status variables 
of the child? Does the test provide for 
prediction of prognosis, or diagnosis of 
condition or state? A somewhat more 
technical version of this question is: 
Does the test have any criterion valid- 
ity? Does the test result tell you about 
any other nontest behaviors of the child 
such as school performance, likely suc- 
cess in learning situations, etc. Anastasi” 
has an excellent discussion of criterion 
validity as well as other types of validity 
issues. 


Question 5. What Variables affect 
Performance on the Test? When using a 
test, what things need to be noted or con- 
trolled? For example, if it has been 
shown that degree of rapport betwen 
the examiner and the child affects the 
child’s performance, then using an exam- 
iner trained to be sensitive to this di- 
mension of the testing session would be 
very important. Amount of surrounding 
distraction during test administration, 
health status of the child, fatigue fac- 
tors, temperature and other comfort fac- 
tors, are additional, obvious variables. 
Sex of examiner, race of examiner, and 
other examiner related variables have 
been mentioned in the vast literature on 
testing as having possible influence on 
test performance. Socioeconomic status 
is known to correlate with performance 
on intelligence tests. If there is some sus- 
picion that any variable is an important 
determiner of performance it needs to 
be held constant for all groups or sys- 
tematically varied so that it can be 
examined for its effects. For example, if 
sex of examiner and sex of child are 
thought to be relevant variables it 
would be important to have an equal 
number of boys and girls in the sample 
and have half of each tested by male 
testers and half tested bv female testers. 
If children with and without otitis media 
incidences are to be compared it will be 
important to make sure that the groups 
are equivalent with respect to socio- 
economic status variables. Bv including 
these variables in the research design it 
becomes possible to analyze for them to 
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determine if and to what degree they 
have affected the results you have ob- 
tained in your research. 


Question 6. What are the "Practical 
Considerations for this Test? How long 
does it take for a single administration? 
Do events just prior to or expected 
events to follow the test have to be con- 


trolled? For example, test administration * 


immediately following a painful physi- 
cal procedure should be avoided; simi- 
larly, a test just prior to a medical exam- 
ination, about which the child might be 
anxious, might yield questionable re- 
sults. 


Other practical matters of planning 
and scheduling must be considered. Are 
specially purchased materials needed? 
How trained must the examiner be and 
to what extent do you have access to a 
pool of such examiners? If you need to 
test the child more than once are there 
significant "practice" effects which 
would make a difference on repeated 
examinations. 


Question 7. Are the Responses Re- 
quired of the Child Appropriate for the 
Children being Tested? This question 
may be particularly relevant to otitis 
media research. It refers to the fact that 
some tests require the execution of de- 
veloped motor responses; others rely 
heavilv upon auditory presentation of 
stimulus questions; some are very de- 
pedent upon visual stimuli. Many tests 
employ all modalities of response. If 
otitis media is suspected of resulting in 
significant hearing loss then a test for 
general intellectual performance which 


relies heavily upon the auditory modal- 


itv may not be the most appropriate test. . 
There are nonverbal tests. of intelligence: 


that may be more useful. If one is in- 
terested in assessing the degree to which 
hearing loss disrupts learning when the 
auditorv modality is required then an in- 
telligence test utilizing the auditory mo- 
dality may also not be appropriate. Ra- 
ther, a test for learning involving audi- 
tory and other modalities might be 
chosen; or, a special task might be de- 
vised for purposes of evaluating the ef- 
fect of hearing loss and for comparing 
learning when a nonauditory modality 
is involved. There are special intelli- 
gence tests for children with specific 
problems, eg, cerebral palsy, deafness, 


s~ 
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etc. Anastasi’ is a useful reference for an 
overview of these instruments. Some are 
included in the Appendix to this paper. 


Question 8. Will the Results of the 
Test relate to the Questions Relevant to 
my Research? In many ways, this is the 
most important question of all. It is par- 
ticularly central to the design of re- 
search in the area of otitis media and 
to the use of intelligence test results. It 
is important to ask this question in terms 
of how the results will be interpreted 
and what magnitude of results will 
make a difference. For example, if one 
is interested in determining how much 
repeated incidence of otitis media affects 

development it will be important to 

break the question down in terms of de- 
velopment of “what?” Language learn- 
ing? Information processing strategies? 
Attention to auditory stimuli? If you 
wish to answer any or all of these ques- 
tions then the use of an intelligence 
test which gives one single overall IQ 
score is probably not an appropriate in- 
strument because the overall single IO 
score is not sufficiently relevant enough 
to the individual domains which are tar- 
geted by each question. However, if 
your interest is in determining whether 
the intelligence levels of children who 
have repeated episodes of otitis media 
between the ages of one and four is low- 
er at four than those with no or infre- 
quent episodes, then the overall IQ 
score from an intelligence test may pro- 
vide the relevant answer. 


There is a general question concern- 
ing the age of the children who will be 
involved in the research and the choice 
of tests appropriate for those ages. As 
noted ‘above, the Stanford-Binet can be 
used with children as young as two 
years of age. However, if there are two- 
year-old children in your sample who 
may be delaved in development so that 
they are performing some tasks at levels 
vounger than two vears of age, then the 
Stanford-Binet will not allow you to 
fully assess the behavorial performance 
of your subjects. Since some of the peak 
incidences of otitis media occur below 
two years of age?? it is likely that many 
research proiects will involve samples of 
children in the first two vears of life. 
This poses some particular problems 
with respect to behavorial evaluation of 
infant intelligence. 


The testing of infant intelligence was 
first undertaken in order to identify the 
earliest time when the true intelligence 
of a child could be specified.'?^ It soon 
became obvious that there were many 
problems in testing infants and it was 
eventually deed that the infant 
test could not predict later intelligence. 
Bayley,** one of the pioneers in the de- 
velopment of infant testing, finally ob- 
served that the "findings gave little hope 
of our being able to measure a stable 
and predictable intellectual factor in the 
very young...” Many reasons were giv- 
en to explain the failure to find relation- 
ships between early measures and later 
evaluations of intelligence: the inherent 
instability of the infant; the changing 
nature of the behaviors sampled in in- 
telligence tests across different ages; an 
intrinsic discontinuity between early 
and later development. Recent reevalu- 
ations of early infant test data from 
some of the classic longitudinal studies 
support the proposition that the behav- 
ioral clusters undergo important trans- 
formations at certain periods during in- 
fancy and that these cluster transforma- 
tions may provide an inherent discon- 
tinuity in the behavior across the first 
two years of life.?^ 


Since Bayley stated her conclusions 
in 1955 there has been an enormous ex- 
plosion in our knowledge about the na- 
ture of the infant behavorial repertoire 
in the first two years of life. It is now 
clear that the newborn infant is not a 
helpless unresponsive organism at birth. 
Rather, with the proper evaluation tech- 
niques the infant can display a rather 
extensive behavioral repertoire. At the 
present time there are ten different 
assessment strategies and scales that 
can be used with infants betwen birth 
and one month of age.** Most of these 
evaluatins provide a profile of the in- 
fant's behavior rather than a single score. 
As such, they permit the development 
of a baseline evaluation of the infant's 
responsiveness in different modalities 
and to different stimuli. The most ex- 
tensive behavioral evaluation of the 
neonate is available in the Neonatal Be- 
havioral Assessment Scale (NBAS) de- 
veloped by Brazelton?* and a number of 
colleagues. A recent modification of the 
NBAS, the Neonatal Behavioral Assess- 
ment Scale with Kansas Supplements 
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(NBAS-K) may provide clinical re- 
searchers with a tool that is more de- 
scriptive of individual differences than 
the original form of the Scale.*° The 
Graham/Rosenblith Behavorial Exami- 
nation of the Neonate has some similari- 
ties to the NBAS and was used exten- 
sively in the Perinatal Collaborative Pro- 
ject sss 


Some of the currently available tests 
suitable for use with infants between 
one month and two years of age are 
listed in Part A of the Appendix. Some 
of the assessment techniques are also ap- 
propriate for children over the age of two 
while others are more specifically for in- 
fants. The most widely used of the in- 
fant tests is probably the Bayley Scales 
of Infant Development. The Bayley 
provides a Mental Development score, a 
Motor Development score and also has 
a Social Behavior Record that can be 
filled out by the examiner. The Bayley 
Scales, like all infant tests, require well- 
trained examiners who have had special 
experience in testing infants. The Bayley 
Scales have had the most extensive stan- 
dardization of the infant scales available. 
At the upper end of the age distribution 
(36 months) the scale is similar to the 
Stanford-Binet so that a longitudinal re- 
search study could use the Bayley Scales 
during the infancy period and then 
change to the Stanford-Binet some- 
time between two and three years of 
age. The Cattell Infant Intelligence 
Scale (1976), was designed specifically 
as a downward revision of the Stanford- 
Binet but for some reason is not used as 
frequently as the Bayley Scales. 


One of the more recent developments 
in infant assessment has been the entry 
of the Ordinal Scales of Psychological 
Development. This assessment strate- 
gy is based upon Jean Piageťs theoreti- 
cal and empirical descriptions of infant 
cognitive development. There are six 
subscales in the assessment, each of 
which tests for level of development 
in a particular cognitive area, eg; De- 
velopment of Visual Pursuit and the 
Permanence of Objects, Development 
of Means for Obtaining Desired Envi- 
ronmental Events, Development of Imi- 
tation: Vocal and Gestural, Develop- 
ment of Operational Casuality; Con- 
struction of Object Relations in 
Space, and Development of Schemes for 


Relating to Objects. Each scale has a 
set of 9 to 14 steps and one can test the 
infant and determine at which step the 
infant performs on each of the six scales. 
There is no overall score but the results 
of the assessment provide a profile of : 
the infants cognitive development. 
There is not yet extensive research use 
of the Ordinal Scales of Psychological 
Development. However, because they 
attempt to evaluate some of the less glo- 
bal cognitive competencies in the in- 
fant they may be particularly promising 
for research related to infant learning, 
cognition, and information processing 
abilities. 


The Denver Developmental Screening 
Test? is a widely used screening test 
in pediatric settings. It permits .the 
gross placement of the child with regard 
to developmental status and has been 
shown to be a useful clinical screening _ 
tool. The test results are given in terms 
of the age level placement of the child 
in four categories: personal-social de- 
velopment, fine motor-adaptive develop- 
ment, language development and gross 
motor development. It can be adminis- 
tered more quickly and with less train- 
ing than the Bayley Scales and it can be 
used between the ages of one month 
and six years. It has not been used ex- 
tensively as a criterion test in research 
but was not developed for.such pur- 
poses. 


Because otitis media is thought to af- 
fect hearing which, in turn, causes other 
problems, some of the tools more spe- 
cific to hearing, auditory information 
processing, and learning involving the 
auditory modality may prove to be more 
useful assessment strategies than san- 
dard intelligence tests and tests of gen- 
eral developmental status. This mav be 
particularly relevant where the. children : 
involved have or are suspected of having 
hearing impairment. Vernon* has pro- 
vided an excellent discussion of the 
problems of psychological evaluation of 
hearing-impaired children. In the same 
volume‘? as Vernon's chapter there are 
two other chapters which provide excel- 
lent overviews of evaluation instruments 
for children in the area of language de- 
velopment! and audiological function- 
ing.^ Other papers prepared for this 
conference are directed at extensive con- 
sideration of these areas. 
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APPLICABILITY OF INTELLIGENCE 
TESTING IN OTITIS MEDIA RESEARCH 


While the topic of this paper in- 
volves design considerations in intelli- 
gence testing in relation to research on 
otitis media it has been impossible to 
avoid the topic of intelligence testing it- 
self. There are a number of issues that 
have been raised in the course of this 
paper which ought to provide serious 
caution for investigators choosing cri- 
terion instruments to assess intelligence. 
The most basic caution involves the rele- 
vance of intelligence assessment in otitis 
media research. If one is interested in 
describing the status of the children in 
a research sample, an IQ score can be 
used as a descriptive characteristic of 
the sample. However, if one is attempt- 
ing to unravel the effects of otitis media 
on the development of children then the 
use of intelligence tests to evaluate the 
effects may not be appropriate. There is 
some question as to whether infant tests 
are evaluating the same construct of 
"intelligence" as are tests of older chil- 
dren: there is some question about how 
intelligence is defined and the degree to 
which the tests reflect arbitrary defini- 
tions of intelligence. If one is interested 
in process variables, in terms of how 
those phenomena associated with otitis 
media affect the child's functioning 
then there may be more fruitful assess- 
ment strategies than intelligence test- 
ing. 


If for either descriptive purposes or 
for other reasons it is important or nec- 
essary to use intelligence tests in otitis 
media research, this review should pro- 
vide the reader with a perspective of 
the concerns that must be kept in mind. 
One involves the ages and other charac- 
teristics of the children to be assessed. 
The choice of a testing instrument must 
be suited to the ages and to the specific 
population. of children in the research. 
In the infancy period the IQ or develop- 
mental quotient may be particularly un- 
informative and unstable. At older ages 
there are a number of standardized in- 
struments available (see Part A of 
the Appendix and Anastasi?) but the 
special characteristics of the population 
in your sample need to be evaluated 
carefully in the choice of test(s). 


Intelligence quotients derived from 


most tests are set so that the mean of 
the population is 100 with normal varia- 
tion around the mean of plus or minus 
10 to 16 points. As has been suggested 
in this paper, many variables are corre- 
lated with performance on IQ tests. It 
is important to control for those vari- 
ables in selecting the sample of children 
to be studied (eg, race, socioeconomic 
status, nutritional status, health, sex, 
etc). When all the covarying variables 
are controlled, two groups of children 
are likely to score in very similar fashion 
on an IQ test with rather small differ- 
ences in overall mean performance (eg, 
102 vs 105). If you are designing re- 
search on the effect of otitis media on 
IQ performance you will want to choose 
a well-matched sample of children with 
the only difference being absence or 
presence of frequent otitis media oc- 
currences. Thus, any resulting differen- 
ces in IQ between the two groups could 
be attributed only to the variable under 
investigation (otitis media). The prob- 
lem with using IQ as an outcome mea- 
sure in such a study is that it is difficult 
to interpret the meaning of an obtained 
difference. For example, it is possible 
that in the two groups of well-matched 
children (eg, race, socioeconomic status, 
etc), with only otitis media episodes 
being different, the investigator may 
find that those without otitis media epi- 
sodes have a mean score of 109 on the 
IQ test; those with otitis media episodes 
have a mean score of 100 on the IQ test. 
The nine point difference may even be 
statistically significant. But, the ques- 
tion that needs to be addressed is wheth- 
er, a nine-point difference in mean IQ 
is functionally significant. Our current 
evidence would not allow us to conclude 
that a nine-point difference on an IQ 
test was an important difference in 
terms of the average functioning of the 
children in each group and thus it would 
be hard to assert that otitis media epi- 
sodes resulted in functionally lower in- 
telligence. Thus, one needs to consider 
what magnitude of differences must be 
obtained in order to have a result that 
has functional implications for the phe- 
nomenon under consideration. 


The thrust of the comments being 
made here is to suggest that intelligence 
testing may provide useful descriptive 
information about children in a research 
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study but not particularly useful analy- 
tic information about the variables in 
otitis media sequaelae. For such infor- 
mation other evaluation criteria will 
probably prove to be more helpful. 


If intelligence tests are to be used in 
any phase of research it is important to 
have informed consultants available. De- 
velopmental psychologists and clinical 
child psychologists are probably the 
most familiar with the available testing 
instruments, their advantages and their 
limitations. Statistical consultants and 
developmental psychologists trained in 
research can help evaluate the norma- 
tive adequacy of the tests being con- 
sidered and will be helpful in planning 
the design of research so that results will 
be analyzable and interpretable. It is 


most important that those administering 
assessment tools (IQ or other tests or 
tasks) be well trained to work with chil- 
dren. This is most critical if the children 
are under two years of age. Finally, 
those developmental psychologists in- 
terested in cognitive development, infor- 
mation processing, learning, and the ef- 
fect of disabilities on learning can prob- 
ably make important contributions in 
the design and planning stages of this 
kind of research. There are a number of 
tasks that can be designed to probe the 
behavior of children in those domains 
which may be most affected by otitis 
media and which are significant for im- 
portant developmental processes. These 
kinds of strategies may prove to be 
fruitful alternatives or supplements to in- 
telligence testing in otitis media research. 
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APPENDIX 


PART A. SOME CURRENT INFANT ASSESSMENTS 








Test 


Bayley Scales 
of Infant 
Development 
( Bayley, 
1969) 


Cattell Infant 
Intelligence 
Scale 

(Cattell, 1940, 
1960, 1966) 


Denver De- 
velopmental 
Screening 
Tests 


Gessell De- 
velopmental 
Schedules 


Northwestern 
Intelligence 
Tests 
(Gilliland, 
1949; 1951) 


Griffiths Scale 
of Mental 
Development 
( Griffiths, 
1954) 


Ages 





Comments 





1-36 mo. 


2-36 mo. 


1 mo-6 yr 


1 mo-6 yr 


1-9 mo 
(13-36 wk) 


2, wk-24 mo 





Designed to assess the developmental status of children usin 
three complementary tools: the Mental Scale, Motor Scale, an 
Infant Behavioral Record. 


Norms established on 1,262 children between 2 and 30 months. 
It was representative of US qun in terms of residence, 
geography, sex ratio, race, and education of head of household. 
Results yield developmental indexes expressed as normalized 
standard scores with a mean of 100 and an SD of 16. 
Downward extension of the revised “Stanford-Binet Intelligence 
Scale," 2nd revision. 


Standardization based on 1,346 examinations made on 274 chil- 
dren at the ages of 3, 6, 9, 12, 18, 24, 30 and 36 months. 


Designed to find problems with devepoment and behavior. 
Based on observations and parent report. 


Percentages at which 25, 50, 70 and 90% of the children tested 
could perform that skill at that age. 


Standardized on 1,036 children in the Denver area between the 
ages of 2 weeks and 6.4 years. Norm group was a high propor- 
tion of Caucasian children with white collar fathers. 


Clinical tool. 


(See Part B of appendix.) 


Revision of the Gilliland-Shotwell Intelligence Scale. 


Standardized on 1,100 infants for Test A and 214 for Test B 
many of which were institutionalized. 


Computation of an IQ scale. 
Test of infant development. 


Because of limited standardization sample this test not widely 
used. 


Attempt to measure intelligence in babies. 

Only infant test standardized on British children. 571 children 
in the sample neither random nor representative. 

Quotients obtained from a. developmental age in each of the 
five subscales. According to the author, individuals must re- 
ceive direct training from the author. 








national Per- 
formance 
Scale 

(1948, Des- 
cribed in 5th 
volume of 
Mental Mea- . 
surements. ` 
Yearbook, 
O.K. Buros, 
Ed.) 


McCarthy 
Scales of 
Children’s 
Abilities 
(1972) 


Peabody 
Picture 
Vocabulary 


est 
( Described in 
7th volume of 
Mental Mea- 
'surements 
Yearbook, 
O.K. Buros, 
Ed.) 


Porteus Maze 
Test ( Des- 
cribed in 7th 
volume of 
Mental Mea- 
surements 
Yearbook, 
O.K. Buros, 
Ed.) 














i 


1 


-18% yr 


bo 
8 


3 yr 
and over 
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PART B. FREQUENTLY USED INDIVIDUAL TESTS OF CHILD INTELLIGENCE 
Approximate 

j Test Age Range Comments 

Columbia Mental Yields a raw score that is converted to a mental age. 

Mental Ma- ages 3-12.yr_ Nonverbal test designed to measure intelligence of handicapped 
turity Scale children. 

(1972) Pictorial classification test requiring minimal motor response. 

Standardized on 2,600 children between the ages of 3-6 and 
9-11. (Sample stratified. ) 
Full Range 2 yr Designed to give rapid estimate of verbal comprehension. 
Picture Vo- and over Test valuable as a quick verbal intelligence screening device in 
cabulary Test 
Mary os industry, armed forces and with speech handicapped individ- 

(Described in tials 

Sixth volume a i — inai 
of Mental Thorough and meaningful standardization across race, regiona 
Measurements areas, sex and age. 

Yearbook, 

O.K. Buros, 

Ed.) 

Gesell De- 4wk-6yr Designed to provide a procedure for observing and evaluating 
velopmental the course of behavior (motor, adaptive, language, personal- 
Schedules social) development. 

(Gesell and Needs an extensive revision on a large and representative 
Armatruda, sample of present day infants. 

1954) 

Leiter Inter- 2-18 yr Individually administered performance scale. 


Nonverbal mental age scale for measuring intelligence across 
cultures. 
Scalers scored in terms of MA and ratio IQ. 


Developed on sample of Hawaiian children and tested on some 
US mainland children. Standardization data not extensive. 


General Cognitive Score based on 15 of the 18 tests. This is ex- 
pressed as a General Cognitive Index which is a normalized 
standard score with a mean of 100 and an SD of 16. 


1,032 children in the standardization group. At each age level 
sample stratified across age, color, geographic region, father’s 
occupation level and urban-rural residence. 


Nonverbal multiple choice test designed to provide an estimate 
of an individuals verbal intelligence through measuring recep- 
tive knowledge of vocabulary. 

Standardized on 4,012 Caucasian subjects, age 2X to 18 years, 
residing in and around Nashville. 

Scores converted to mental age; deviation IPs or percentiles. 


Performance test of intelligence yielding test age scores which 
may be converted into IQ estimates. Also qualitative A-score 
which has been shown to correlate with various indices of social 
adjustment. 


Standardization was limited and there is no mention of subject 
samples used to establish the norms. 
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PART B. FREQUENTLY USED INDIVIDUAL TESTS OF CHILD INTELLIGENCE 


(Part B Continued) 





Test 


Stanford-Binet 
Intelligence 
Scale 
(Terman & 
Merrill, 1960, 
1972) 


Vineland 
Social Ma- 
turity Scale 

( Doll, 1965) 


Wechsler In- 
telligence 
Scale for 
Children 

( Wechsler, 
1974) 


Wechsler 
Preschool & 
Primary Scale 
of Intelligence 
( Described in 
the 7th vol- 
ume of Mental 
Measurements 
Yearbook, 
O.K. Buros, 
Ed.) 





Approximate 
Age Range 


Comments 





2 yr 
and over 


Birth to 
over 25 yr 


5-15 yr 


4-6% yr 


Appears to measure mainly verbal fluency and verbal reasoning 
abilities in the upper level years. The abilities measured at the 
lower levels appear to be more diverse. 

Restandardized in 1972 on 2,100 cases, based on a. more repre- 
sentative sample. : : 


Developmental schedule concerned with the individual's ability 
to look at his practical needs and to take responsibility by a 
method of reporting through an interview. 

Social age (SA) and social quotient (SQ) are computed. 
Standardized on 620 cases from birth to 3 years. Contained a 
minimal number of cases at each age level and the sample was 
not representative of the general population. Has been used 
extensively in studies of mentally retarded children. 


Designed as a downward extension of Form 2 of "Wechsler- 
Bellevue Intelligence Scale." 

Standardization on 2,200 cases at each age level from 6X 
through 164. The sample was stratified according to US census. 
Scores are converted to deviation IQs. 


8 of the 11 tests provide the same measures as the WISC-R and 
approximately one third of the total number of items are essen- 
tially the same. 

Standardized on a national sample on 1,200 children in each 
of six-$ year age groups from 4%-6 years. The sample was strati- 
fied against US census. 


Scores are converted to deviation IQs. 


DESIGN FACTORS IN THE ASSESSMENT OF LANGUAGE 
.DEVELOPMENT IN CHILDREN WITH OTITIS MEDIA 


Paura Menyuk, PhD 


* BosroN, MASSACHUSETTS 


` In this paper the findings of studies which have examined the effects of chronic otitis 
media, suffered during the early years of life, on the cognitive, linguistic and academic devel- 


opment of the child are reviewed and critiqued. 


A summary of findings on factors which play 


a role in normal language development are then presented to point to possible reasons for 
chronic otitis media having detrimental effects on development. Finally, possible ways of test- 
ing the hypothesis that the disease has such effects are discussed. 


Some controversy exists in the litera- 
ture concerning the effects of chronic 
otitis media suffered during the first 
two years of life, on the epee lin- 
quistic and academic development of 
the child. Presumably, the controversy 
stems primarily from the fact that the 
very few data collected on the develop- 
ment of the children have been either 
ambiguous or fragmentary. An example 
of the former difficulty is the inclusion 
in the population of children for whom 
accurate data on the history of the dis- 
ease or of hearing loss are unavailable 
(some retrospective studies). An exam- 
ple of the latter difficulty is that differ- 
ent aspects of language have been exam- 
ined in different studies. Thus, speech 
sound discrimination, vocabulary com- 
prehension, etc, have been tested in 
some studies but not all. A further diffi- 
culty is the use of varying techniques 
for assessing the same ability. Thus, for 
. example, academic performance is mea- 
sured by grade placement or scores on 
reading. and arithmetic tests. 


Although a large part of the contro- 
versy stems from fadi data, the contro- 
versy also appears to be generated by 
‘differing opinions concerning the effect 
of a fluctuating hearing loss or a loss 
minimal in nature on development. A 
permanent loss, if sizeable enough, is con- 
sidered to be detrimental to cognitive 
and linguistic development and to aca- 
demic achievement. A fluctuating or 
minimal loss may or may not be detri- 
mental. In the brief review that follows 


I will, 1) summarize the findings on the 
effect of the disease on language de- 
velopment and the questions that remain 
unanswered by this research; 2) present 
a summary of findings on factors which 
play a role in normal language develop- 
ment; 3) point to possible logical rea- 
sons for chronic otitis media having an 
effect on language development; and 
4) discuss possible ways of testing the 
hypothesis that the cdi has such 
effects. 


SPEECH DEVELOPMENT AND 
ACADEMIC ACHIEVEMENT IN 
CHILDREN WITH CHRONIC OTITIS 
MEDIA 


There are only a few studies in the 
literature which have attempted to 
examine the effect of the disease on the 
speech and language development of 
children. These studies are often cited 
to support the position that chronic otitis 
media does have an effect on these de- 
velopments. Table 1 is a list of these 
studies in chronological order, a sum- 
mary of their findings and the definition 
of the populations used. 


Several observations can be made 
from these studies. First, they are clear- 
ly few in number and, therefore, there 
is very little data to support the hypothe- 
sis that early chronic otitis media affects 
linguistic development or academic 
achievement. Second, the nature and de- 
gree of hearing loss, the time of onset 
and duration of hearing loss, and the 
sociocultural background of the children 
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TABLE 1. SUMMARY OF STUDIES IN LITERATURE ON EFFECT OF CHRONIC 
OTITIS MEDIA ON SPEECH AND LANGUAGE DEVELOPMENT OF CHILDREN 








Studies 
Wishik, et al’ 


Ling 


Holm & Kunze' 


Lewis* 





Findings 


Population 





Delay in grade placement 


Significant retardation of arithmetic and reading 
skills 


Significant difference in: Articulation of sounds 


in isolated words, Vocabulary comprehension, 
Use of verbal analogies, Use of visual analogies, 
Grammatic closure, Repetition of verbally pre- 
sented digits 


Significant difference in: Auditory discrimina- 
tion, Phonetic synthesis, Vocabulary comprehen- 


Failure of at least one 
audiometric test 


History of otitis media 
History of recurrent 


otitis media. 


Currently diagnosed 
chronic otitis media 


sion 
Needleman & 
Menyuk* 


in these studies are not all clearly de- 
fined in most of these studies. Finally, 
there are contradictions in the findings. 
Holm and Kunze? found that socioeco- 
nomic status, as well as the dis- 
ease, was a significant factor in 
the children's performance, whereas, 
Needleman and Menyuk? did not find 
this. Lewis* found that sociocultural fac- 
tors played a role (there was a differ- 
ence between aboriginal and nonaborig- 
inal children in general for the tas 

given) and that auditory discrimination 
and phonetic synthesis was significantly 
poorer in children with chronic otitis 
media than in control children. Holm 
and Kunze? and Needleman and Men- 
yuk? did not find these latter differen- 
ces. These contradictions in findings may 
be due to variations in those factors (dif- 
ferences in disease history, hearing loss 
and sociocultural background) cited 
above as not being fully described in 
the studies. Further, the Needleman and 
Menyuk? study found that the differ- 
ence in phonological processing be- 
tween the experimental and control 
group tended to decrease as the age of 
the children in the two populations in- 
creased. This suggested to the experi- 
menters that the children with chronic 
otitis media were "catching up" to their 
peers, at least in those aspects of phono- 
logical development which were exam- 
ined. The possibility that older children 
with histories of chronic otitis media 
show retardation in reading skills, may 
indicate that this "catching up" is de- 


Significant difference in: Articulation in isolated 
words, Articulation in connected speech, Repro- 
duction of morphological markers. 


History of early otitis 
media (between birth 
and 18 months) with 
continuing episodes for 
two years 


pendent on what aspects of speech and 
language development are being as- 
sessed at a particular time in the de- 
velopment of the child. 


Clearly, not only is there a lack in the 
quantity but also the quality of research 
that has been carried out to examine the 
hypothesis. Despite these deficiencies 
the data collected thus far indicate that 
differences in language development do 
exist in the sampled population. Whe- 
ther or not these differences are due to 
periodic hearing loss, illness alone, or in 
conjunction with other ‘factors has 
not been determined. Whether or not 
initial differences are compensated for 
by all or some of the children who 
suffer the disease has not been 
determined. The fact that there are 
so few studies may. be some indication 
of the complexity of the problem; ie, the 
probability that. many. variables in the 
developmental histories of these chil- 
dren are in operation simultaneously 
and account for variable outcomes. Fu- 
ture studies should at least attempt to., 
define or control for these variables. It is 
only in this way that possible differen- 
ces in language development can be 
described in meaningful ways; that is, 
in ways which would be helpful in de- 
termining the need for intervention, if 
any, and the time and nature of the in- 
tervention. In summary, after reviewing 
the available literature some of the ques- 
tions about language development and 
chronic otitis media are: 
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1. What is the effect of age of onset 
of the disease in terms of lasting effects 
in language development? 


2, What is the effect on language de- 
lopment of chronic illness as compared 
to chronic otitis media? 


3. What is the effect on language de- 
velopment of sociocultural variables in 
conjunction with the disease? 


4. What aspects of speech/language 
development, if any, are affected at 
what ages by children who suffer chron- 
ic otitis media? 

I shall try to indicate the importance 
of obtaining answers to these questions 
to test the hypothesis that chronic otitis 
media can affect language development 
by relating them to what has been ob- 
served about factors which affect lan- 
guage development in general, in the 
following section. 


FACTORS IN NORMAL LANGUAGE 
DEVELOPMENT 


Recent research? indicates that the in- 
fant is capable of speech sound dis- 
crimination at a very early age (one to 
four months). During this early period 
the infant has been observed to differen- 
tiate between friendly and unfriendly 
voices, male and female voices, female 
stranger and mother's voice, and to en- 
gage in vocalization interaction with 
their caretakers.’ At five to six months 
the infant engages in babbling and the 
intonational contours of these babbled 
utterances become differentiated over 
the babbling period so that different 
intents appear to be expressed.? Babbled 
utterances are uttered with different 
. fundamental frequency contours; ie, 

gradually “rising and falling ru 

ments), sharply rising and falling 
(emphatics), gradually rising then 
falling then rising (requests). 


The role of these early developments 
on later language development has not 
been determined.’ We do not know what 
effect early spech sound discrimination, 
discrimination of prosodic elements (in- 
tonation contour and stress), vocaliza- 
tion turn-taking, or babbling have on 
the acquisition of the semantic, syntactic, 
morphological and phonological aspects 
of later language development. How- 
ever, development in all areas is usually 


continuous (based on previous occur- 
rences) and, contrary to previously held 
opinions, infants with severe hearing 
losses do not display the above behav- 
iors at the same time or in the same pat- 
terns as do normal hearing infants.? 
Since the peak incidence for chronic 
otitis media is usually during the period 
of 6 to 18 months of life and children 
who experience the disease during the 
first year tend to have recurrent episodes 
it seems logical to assume that the dis- 
ease may have some effect. This effect 
may be on categorization of the speech 
sound signal into segmental and supra- 
segmental units due to fluctuating hear- 
ing loss and/or have an effect on par- 
ticipation in vocalization turn-taking due 
to pain or fever. This, in turn, may have 
an effect on the next developmental 
period in language acquisition (relating 
sound sequences to meaning) because 
of a possible delay in achieving the lin- 
guistic/communicative categorizations 
of this period. 

In two of the studies cited previous- 
ly^* in which lexical comprehension or 
vocabulary was assessed, children with 
histories of early chronic otitis media 
were significantly different from their 
age peers in this ability. Furthermore, 
Holm and Kunze? reported significant 
differences in their ability to generate 
verbal and visual analogies. Both of 
these abilities are highly dependent on 
lexical knowledge. Lewis* found that 
children had difficulty in synthesizing 
speech sounds into words. This is de- 
pendent on lexical knowledge. The fac- 
tors which play a role in lexical compre- 
hension in the normal hearing infant are 
cognitive processing of evironmental 
events, linguistic processing of speech 
events and the integration of the two.?° 
'The categorization of linguistic and en- 
vironmental events are coded and stored 
as whole auditory images and visual- 
motor images (gestalts) during the ear- 
ly stages of this period. Later these 
images are grossly analyzed into smaller 
units (syllables in linguistic events) and 
then as the child matures, into finer dis- 
tinctive categories. Thus the child needs 
consistent input in the two domains 
first to integrate and then to analyze 
them. 


Although there are variations in the 
acoustic input received by children with 
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normal hearing (for example, speaker 
variation and production variation by 
the same speaker), the child receives 
a consistent enough signal to determine 
the invariant aspects of the signal (syll- 
able features and perhaps, segmental 
features). 


The basis of the child's ability to de- 
termine invariance is a matter of some 
controversy. It has been suggested that 
there are invariant acoustic features 
(either segmental or syllabic in nature) 
which are the bases of this determina- 
tion. It has also been suggested that 
production targets are the invariant as- 
pects of the signal? In either case the 
acoustic signal or the acoustic signal pro- 
duct of a motor movement (feedback) 
must play a role in speech sound dis- 
crimination and categorization. In the 
case of a child with a mild persistent 
hearing loss, the acoustic input although 
distorted, is nevertheless consistent. In 
the case of a child with fluctuating loss 
the signal may be very inconsistent and 
therefore, very difficult to categorize. 


In addition to the possible problem of 
not receiving the speech signal in a con- 
sistent manner, there is the problem of 
frequent illness which may prevent the 
child from adequate exploration and 
manipulation of the environment so nec- 
essary to categorization of events in the 
nonlinguistic domain,? Thus, it might 
be the case that the child with chronic 
otitis media has fewer opportunities to 
establish categorizations in both do- 
mains and to determine the relations be- 
tween them. This might lead to a delay 
in both cognitive and linguistic develop- 
ment. 


During the next period of develop- 
ment the child with normal hearing de- 
velops knowledge of the basic relations 
in language and how to encode these re- 
lations. It has been found that while the 
child is producing holophrastic (one 
word) utterances, the child understands 
some two-part relations and while pro- 
ducing two-part relations in their ap- 
propriate Gre understands three part 
relations.'* Thus comprehension is some- 
what in advance of production and will 
continue to be so with increasingly 
greater gaps as the child matures. Pro- 
duction of language is dependent on 
perception of language, although the 


two developments not only take 
place at different rates but may also fol- 
low different developmental sequences 
because of the nature of the difference 
between the two tasks; that is, acoustic 
and visual-motor analysis of utterances“. 
in the context and storage of these an- 
alyses in terms of language rules in 
perception versus retrieval from storage 
of these rules, motor planning of output 
and actual execution of the motor act in 
production. A consistent acoustic input 
seems a necessary prerequisite to the 
establishment of these semantactic rules 
(rules of relations and rules of order). 
This includes the acoustic input one pro- 
duces for oneself, that is, appropriate 


feedback. 


There are no data in the studies cited 
that suggest these children have diffi- 
culty in establishing these basic rules of 
the language. One can suggest that if 
there is delay in lexical comprehension 
there may also be delay in understand- 
ing and production of relations since 
this is dependent on the ability to ob- 
serve co-occurrence rules; ie, what 
words and word classes go together 
with other words and word classes. 
This depends on lexical understanding 
and there appears to be a delay in this 
aspect of language acquisition by chil- 
dren with chronic otitis media. In addi- 
tion, the ability to understand and gen- 
erate these relations is also dependent 
on the ability to mark word boundaries. 
Both semantactic rules and acoustic 
parameters are used.as cues to. word 
boundary. For example, in the phrase 
"Let us...” versus the word “lettuce,” 
semantactic rules would lead to appro- 
priate segmentation. With the two 
phrases “I see Mary“ and “I seem airy,” 
acoustic cues are necessary for appro- 
priate segmentation. 
lengthening, voicing characteristics of: 
final consonants, and aspiration of stop ~ 
consonants all play a role in determining 
word and sentence boundary. These 
acoustic cues may be difficult to deter- 
mine in the case of a fluctuating hear- 
ing loss. 


During the next period of develop- 
ment the specific rules of a child’s par- 
ticular language environment are 
learned.'^ Again, development of these 
rules is based on previous acquisition of 
knowledge about the language itself and 


Pauses, :vówel, .- 
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how it is used. This period of rapid lan- 
guage development extends from ap- 
proximately three to seven years. Pre- 
sumably, a secondary peak in incidence 
of. otitis media occurs between the ages 
of four to seven years. The first and 
more substantial peak of otitis media 
occurs at 6 to 18 months. 


Although development continues be- 
yond this period and on into later child- 
hood, it is during this period that the 
child learns the basic semantactic and 
morphophonological rules of the lan- 
guage. Basic phonological categories 
and relations have been established with 
simple words (not complex derived 
words) and most  normal-hearing 
children can discriminate between and 
produce accurately all the sounds of the 
language, as measured by standard tests, 
by the end of this period. Morphological 
rules for tense, number and possession 
have been acquired. The exceptional 
rules, with strong nouns (foot/feet) and 
verbs (bring/brought) may still be in 
the process of acquisition. Utterances 
are well formed and contain appropriate 
modifiers (article, preposition, adverb) 
as well as noun phrase and verb phrase. 
In addition, the child is capable of un- 
‘derstanding conjoined sentences (“Mary 
and John went to school) and em- 
bedded sentences (“Mary saw John go- 
ing to school"). 


Two studies of the language process- 
ing of children with histories of chronic 
otitis media indicate that they differ sig- 
nificantly from their peers in their abil- 
ity to deal with the morphological as- 
pects of the language. Holm and Kunze? 
found significantly poorer performance 
by these children on the grammatic clos- 
ure subtest of the Illinois Test of Phy- 
cholinguistic Abilities (a test of morpho- 
logical knowledge). Needleman and 
Menyuk? found significant differences 
between these children's and their con- 
trols’ abilities to reproduce segments 
when they were morphological markers. 
For example, in reproducing the word 
"friend" the final /nd/ might be pre- 
served but the final /nd/ in "planned," 
which marks tense, might be omitted. It 
is not surprising that fluctuating hear- 
ing loss may interfere with determination 
of semantactic and morphophonological 
categories. Morphological markers in- 
volve phonological categorizations which 


are difficult for normal listeners to hear; 
that is, /t/, /d/, /s/, /z/, and /iz/.+* The 
question arises as to why these sounds, 
when they form the ends of word stems 
(for example the /z/ in “nose” ), are bet- 
ter preserved than when they act as mor- 
phological markers, (the /z/ in *bees"). 


If these children are delayed in estab- 
lishing the specific semantactic as well 
as morphophonological rules of the lan- 
guage, they may be concentrating on 
preserving the former information rather 
than the latter. This same phenomenon 
is observed in the sequence of normal 
language development. Basic relations 
and rules of order are established before 
acquisition of morphological markers. 


The exact nature of the semantactic 
rules that have been established by chil- 
dren with chronic otitis media at age 
three to seven years has not been de- 
termined. On the surface these children 
appear to have, 1) vocabulary deficits, 
2) articulation deficits, and 3) delay in 
acquisition of morphological rules. All 
other aspects of language processing 
have, as yet, not been a with this 
population. 


By the time the normal-hearing child 
enters school (age five or six) the basic 
rules of all aspects of language have al- 
ready been acquired and they are there- 
fore ready to take on the task of learning 
to read. Substantial evidence has been 
collected attesting to the dependence of 
reading acquisition on language know- 
ledge. This holds for the beginning 
stages of learning to read when graph- 
eme-phoneme relations must be estab- 
lished and for later stages when se- 
mantactic rules must be applied to 
comprehend written sentences and 
passages. Children who suffer ear- 
ly and frequent otitis media episodes 
may be delayed in their acquisition of 
basic language rules and even though 
some “catching up” might occur in their 
oral language processing, they may en- 
counter difficulty when confronted with 
the task of learning to read. These chil- 
dren may also be delayed in cognitive 
development perhaps because of fre- 
quent illness. Therefore, they may not 
be ready to engage in tasks which re- 
quire concrete operations (conservation, 
reversibility, etc) such as mathematics. 
Their difficulties with mathematics may 
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also be due to delayed oral and written 
language development since the solution 
of mathematical problems is often de- 
pendent on language knowledge. This 
lack of readiness may account for the 
observed delay in academic achieve- 
ment'? in populations of children with 
recurrent or chronic otitis. 


The above comments are clearly spec- 
ulative. In a discussion of the effect of 
degrees of hearing loss on the ability to 
understand speech and the educational 
planning that should ensue from this, 
Nober and Nober!* cite Davis and Sil- 
verman" as classifying hearing-impaired 
children into five categories. The first 
category includes children with losses 
of 40 dB or less. These children appar- 
ently have no difficulty in adjusting in 
the normal classroom. 'They simply can- 
not process "faint" speech. It is only in 
the second category, where losses range 
between 41 and 55 dB that articulation 
problems and presumably, speech dis- 
crimination problems occur. However, 
Berg and Flectcher,'* described the lan- 
guage processing problems of children 
with “mild” to “moderate” hearing losses 
as having difficulties in auditory sequen- 
cing, memory span, discrimination and 
figure-ground tasks. These difficulties 
lead to poor performance in reading. 
Children with chronic otitis media us- 
ually do not have more than a “mild” 
loss which may last for varying amounts 
of time. I have suggested that it is pos- 
sible that a fluctuating mild hearing loss 
creates more problems than a persistent 
mild loss because the acoustic input is 
inconsistent. I further suggested that 
fluctuating hearing loss alone may not 
account for possible retardation in lin- 
guisitc and cognitive development. The 
factor of chronic illness which can ac- 
company episodes of the disease, in con- 
junction with fluctuating hearing loss, 
may account for possible retardation. 


Another factor in language develop- 
ment needs to be considered when ex- 
amining the possible effect of chronic 
otitis media on the language develop- 
ment of children. This factor is the 
sociocultural background of the children. 
There have been any number of studies 
which have pointed to a language deficit 
in children from low socioeconomic sta- 
tus homes. The most outstanding prob- 
lem is assessment of these children with 


language stimuli that are not represen- 
tative of their native language. Thus, 
Negro children, Indian children, and 
children from Spanish-speaking homes 
have been tested with language má- 
terials that represent so-called stan- 
dard English dialects. The English 
that these children. have been ex- 
posed to (if they have been exposed to 
English at all) is certainly not "standard 
English." Their first exposure to the 
"standard English" dialect may -be’.on 
entrance to a preschool program or ele- 
mentary school. These children, there- 
fore, are required to become bilingual, 
or at least bidialectal. In addition, it has 
been suggested that these children's rules 
of use of language and their degree of 
metalanguistic awareness may differ 
from that of children from middle-class 
homes.'? The child's degree of metalin- 
guistic awareness is quite crucial in ac- 
quisition of reading since the process is 
described as having to bring to con- 
scious awareness knowledge of the cate- 
gories and rules of the language.*? These 
children then are acquiring a language 
that is different from that of "standard 
English," they have acquired a set of 
communicative rules that are different 
from that of "standard English" speak- 
ing children, and they appear to have 
less experience in thinking and talking: 
about language (metalinguistic aware- 
nes) than do children from middle-class 
homes. 


In conjunction with having to become 
bidialectal or bilingual and having to 
acquire an additional set of communi- 
cative rules, and perhaps being less pre- 
pared than middle-class children to take 
on the reading acquisition task; the inci- 
dence of chronic otitis media is presum- 
ably higher in low socioeconomic status 
groups than in middle socioeconomic 
groups. Thus, these children are already + 
at risk for school failure because of the 
relatively high incidence of ear disease 
(and other diseases) within their socio- 
economic status groups. 


Language development is dependent 
on biological readiness and appropriate 
interaction with the environment. I sug- 
gest that children who suffer from epi- 
sodes of otitis media during the early 
years of life may be retarded linguis- 
tically because their interaction with the 
environment is limited; they are not re- 
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ceiving consistent acoustic input and 
they are not consistently acting upon the 
environment. Children from low socio- 
economic status homes and different so- 
ciocultural and linguistic backgrounds 
have the-additional problem of being re- 
quired to organize a linguistically as well 
as acoustically inconsistent environment 
and to use these organizations in ways 
that are unfamiliar to them. It should be 
emphasized that delay rather than de- 
viance in linguistic and cognitive de- 
velopment and academic achievement 
would be the result of this limited inter- 
action with the environment. Delay im- 
plies a possible "catching up" either nat- 
urally, given enough time, or by interven- 
tion. Possible ways of determining whe- 
ther or not the above suggestions are, in 
fact, the case will be discussed in the 
following section. 


EXAMINATION OF THE HYPOTHESIS 


In the first section of this paper I list- 
ed a number of questions which I be- 
lieve are crucial in examining the hy- 
pothesis. Before making suggestions for 
research designed to test these questions, 
some ground rules for definition of the 
population should be laid down. I do not 
believe that children who have one or 
two episodes of the disease and quickly 
recover are the target population. The 
criteria for inclusion in the population 
should include measures of frequency of 
occurrence, degree of hearing loss and 
duration of hearing loss. Even though 
these. measures may be arbitrarily de- 
cided and include children who turn out 
to be incorrectly placed in the popula- 
tion, some baseline definitional measures 

must be used. i 


` The first question I will discuss is, 
-what aspects of speech/language devel- 
opment are affected at what ages in 
children who suffer chronic otitis media? 
In order to obtain an answer to this 
question, techniques for assessing lan- 
guage processing during different pe- 
riods of development need to be de- 
veloped and used consistently. The ra- 
tionale for assessment of varying aspects 
of language at different ages toute be 
evident from the discussion of normal 
language development. The need to use 
consistent techniques should be evident 
from the conflicting results obtained in 
previous research. I suggest that these 


conflicting results may be due, in part, 
to the use of differing tests or measures 
to assess the same aspect of language. 
A different technique may be tapping a 
somewhat different aspect of language 
processing. 


As stated, the techniques to be used 
need to be developed. For this purpose 
two designs are possible. The first is a 
small, highly controlled longitudinal 
study in which the population is com- 
posed of children who are at greatest 
risk in terms of sociocultural back- 
ground, severity, and duration of chronic 
otitis media episodes. They would be 
compared to children of the same back- 
ground without incidences of otitis me- 
dia. The rationale behind assessing this 
population is that in this way no 
aspect of language processing, which 
might potentially be affected by the dis- 
ease, would be overlooked; whereas de- 
velopment of techniques involving a 
population with minimal risk might lead 
to exclusion of potentially important 
measures. Another important reason for 
developing such language assessment 
techniques is that it is crucial to use as- 
sessment measures that are as free from 
cultural bias as possible. With a small, 
in-depth study of this population there 
would be an opportunity to develop 
such measures. In this study the two 
populations shoud be matched in terms 
of nonverbal cognitive capacities and 
sex. Language should be assessed pe- 
riodically from age 2X years to 6% years. 


An additional way to develop and val- 
idate assessment measures would be to 
undertake a large longitudinal study, 
beginning with children 18 months of 
age who have already suffered several 
bouts of otitis media and those who have 
not, assessing the children's linguistic 
and cognitive development until they 
reach the age of seven or eight years. 
Included in this population would be 
children from varying sociocultural 
backgrounds of both sexes and with 
varying cognitive capacities. Measures 
of language development and cognitive 
capacity would be arbitrarily selected 
and used with all children. Post-hoc an- 
alyses would indicate which measures 
distinguish between the two populations 
(ie, those with and without early his- 
tories of chronic otitis media) and sub- 
populations within the whole (ie, socio- 
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TABLE 2, OUTLINE OF LANGUAGE PROCESSING MEASURES 














Age 
(Mo.) Measures 
18 Comprehension of two-part relations as indicated by manipulation of objects 
Comprehension and repetition of selected lexical items 
24 Comprehension of three part relations by picture pointing 
Repetition of sentences with subject-predicate expansions ; 
30 iia e of modifiers (adjectives and prepositions) embedded in simple sen- 
ences 
Repetition of simple conjoined and embedded sentences l 
Repetition of simple conjoined and embedded sentences 
36 Comprehension of right embedded and conjoined sentences 


Comprehension of additional modifiers embedded in simple sentences 
Discrimination among minimal triads of words 
Repetition of sentences with embedded modifiers 

42 Comprehension of additional modifiers embedded in complex sentences 
Discrimination of phonological sequences embedded in ambiguous and nonambiguous 


sentences 


Repetition of sentences with modifiers in complex sentences 


48 Comprehension of center-embedded sentences 
Discrimination of phonological sequences as above with and without morphological 


markers 
Repetition of above sentences 
54 Comprehension of above types of sentences with expansion of subject and predicate 
Discrimination of phonological sequences embedded in sentences 
60 Comprehension of center-embedded sentences with double function clauses 


Discrimination of phonological sequences 


Repetition of sentences 


Judgement of correct and incorrect sentences 


66 Same as above plus correction as well as judgement of sentences 


Reading readiness 
78 Same as above 
Reading test 
90 Same as above 
Reading test 


Test of mathematical skills 


cultural groups; degree and duration of 
hearing loss groups; cognitive capacities 
groups). Arbitrarily selected measures 
should be based on the developmental 
data available and post-hoc analyses 
should take place after each assessment 
period and after completion of the 
study. 


As well as providing information 
about the measures that should be used 
to assess possible language develop- 
ment differences between the two popu- 
lations, the above study would, of 
course, be a direct test of the hypothe- 
sis. Cluster analysis of the data could be 
carried out to determine which combina- 
tion of factors (intelligence, sociocul- 
tural background, language perform- 


ance, age at onset of the disease, 'se- 
verity, and duration of hearing loss) are. .. 
most predictive of performance behav- ` 


iors at each subsequent age of assess- ` 


ment and for what length of time. Thus; 
profiles of predictive factors and the’ 
consistency of these factors may be de- ` 
termined. This is clearly a sizeable un- 
dertaking and might involve several cen- 
ters at which children are assessed. 
However, it would be crucial to have the 
same development measures used in all 
instances. Table 2 presents a rough out- 
line of some possible measures of lan- 
guage processing throughout the age 
range. 


Alternatives to the above effort would 
be to select target populations for as- 
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sessment which allow examination of the 
remaining questions posed in the first 
section of this paper. The primary prob- 
lem with all the studies outlined below 
is their dependence on retrospective 
data. These data would have to include 
measurement of degree and duration of 
hearing loss. 


One question posed is: What is the 
effect of age at onset of the disease in 
terms of lasting effects on language de- 
velopment? To test this question two 
populations. of children matched in 
terms of sociocultural background, sex, 
and measured intelligence could be 
compared at ages 4X, 5% and 6X years. 
One population should consist of chil- 
dren who had frequent bouts of the dis- 
ease during the first two years of life 
and the second after the first two vears 
of life. Comparisons should be made of 
their language abilities on a prede- 
termined set of measures that are ap- 
propriate for the ages mentioned above. 


Another question posed is: What is 
the effect of chronic illness compared 
to chronic otitis media on language de- 
velopment. To test this question two 
populations of children matched in 
terms of sociocultural background, sex 
and measured nonverbal intelligence 
could be compared at the same age as 
above. One population should consist of 
children who had frequent bouts of otitis 
media during the first two vears of life 
and the other a group of children who 
suffered a chronic illness during this 


same developmental period which did 
not entail hearing impairment. 


The final question is: What is the ef- 
fect of sociocultural variation compared 
to chronic otitis media on language de- 
velopment? To test this question four 
populations matched in terms of age, sex 
and measured intelligence could be com- 
pared at ages 4%, 55, 65 and 74. The age 
range of children in this study is ex- 
tended upward because of the known 
effects on academic achievement of 
socioeconomic status. Two groups of 
children, of low socioeconomic and mid- 
dle statue, should be composed of those 
who have had frequent bouts of otitis 
media and those who have not. Com- 
parisons would be made of differences 
within and across socioeconomic groups. 


The above suggestions for further re- 
search are clearly tentative and are pro- 
vided simply as a basis for further dis- 
cussion. However, it should be evident 
that certain aspects of design, crucial 
to an adequate testing of the hypothesis, 
need to be considered. The first is that 
appropriate measures of language de- 
velopment which are as free from cultur- 
al bias as possible need to be developed. 
Second, these measures need to be used 
consistently with all populations under 
study. Finally, assessment of language 
behavior needs to take place over a long 
period of time. A single sampling of 
language behavior is not an adequate 
test of the hypothesis that chronic otitis 
media can have an effect on language 
development. 
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Review of the literature indicates that: a) otitis media is a common disorder with risk 
being highest in the pre- and early school years, b) no marked differences in sex distribution 
of incidence exist, c) frequent recurrences are the hallmark of this disease, and d) mild hear- . 
ing deficit lasting for months is not uncommon. 


A retrospective study in a defined population is suggested as an initial effort to investigate 
the proposed associations between developmental disability and hearing loss, developmental 
disability and history of otitis media, and finally, hearing loss and a history of otitis media. 
Such an approach, however, a) could not determine the absolute risk of developmental disabili- 
ty in children with otitis media, and b) would underestimate the frequency of otitis media, 
since occult otitis media would not be thus identified. The determination of an accurate inci- 
dence of otitis media and of the absolute risk of developmental disability in children with 
otitis media calls for a prospective study. Such an investigation is likely to be justified only as 
a part of a collaborative- study designed to measure multiple outcomes from a limited number 
of antecedents. 


GENERAL CONSIDERATIONS DESCRIPTIVE EPIDEMIOLOGY 


This paper applies the techniques of The distribution of disease in human 
classic epidemiology to otitis media. populations can be investigated tem- 
One can view this task as a journey  porally, geographically, or by consider- 
through basic epidemiologic concepts. ing the personal characteristics of those 
At each of the few chosen stops, otitis afflicted. These personal characteristics 
media will be critically evaluated as a may be grouped in any one of a number 
subject for a particular epidemiologic of ways. One such categorization! is as 
approach, and likely benefits as well as follows: 
pitfalls of such an undertaking will be a. Demographic characteristics such 
considered. The possible relationship be- — ,. age, sex, race, and ethnic origins. 
tween otitis media and developmental . SM o. 
disability will be emphasized, but dis- b. Anatomic or biologic characteristics. 
cussion will not be limited to this con- c. Socioeconomic status. 
cern and will encompass the descriptive 
as well as the analytic epidemiology of 
otitis media itself. Throughout this pa- As can be expected, these categories 
per "developmental disability" will be overlap. Availability of medical care, for 
defined'as a disparity between expected example, may be viewed as being pri- 
and actual cognitive performance. marily a socioeconomic factor, while its 
proper utilization may be more accur- 
ately categorized as a factor of personal 
living habits. 


d. Personal living habits and customs. 


Two of the major tasks confronting 
epidemiologists are: a) the study of the 
distribution of disease in human popu- 
lations, and b) the study of factors If there is one characteristic which 
which might influence the observed dis- — distinguishes the epidemiologic study, it 
tribution. The former belongs to the do- is the identification of a defined popu- 
main of descriptive epidemiology. the lation at risk for developing a disease. 
latter to that of analytic epidemiology. The frequency of disease must be re- 
The interrelationship of descriptive and lated to this population; eg, one would 
analytic studies is illustrated in Figure 1. arrive at a very different conclusion if 
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1. Descriptive Studies — Data 
Aggregation and Analysis 


N 


2. Model-Building and 
Formulation of 
Hypotheses 


4. Analysis of Results 
Suggests Further 
Descriptive Studies 
and New Hypotheses 


N 


NL 
3. Analytic Studies to 
Test Hypotheses 


-— 


1) Cross-Sectional Studies 
2) Retrospective Studies 
3) Prospective Studies 


Fig. l. Schema for an epidemiologic 
study cycle. (Modified with permission 
from Mausner JS, Bahn AK: Epidemiol- 
ogy — An Introductory Text, WB Saun- 
ders Co., 1974. 


one were to identify 1,000 cases of otitis 
media in a population of 2 million as 
opposed to 1,000 cases in a population 
of 5,000. Disease parameters can be ex- 
pressed as a ratio, with the number of 
patients having the disease as the num- 
erator and the number of people at risk 
of disease as the denominator. This de- 
nominator may include all or a repre- 
sentative sample of all individuals at risk 
for a given disease. One must fastidious- 
ly exclude from this denominator per- 
sons not at risk for the given disease. 
Thus in a study of the incidence of gono- 
coccal salpingitis, it is not enough to ex- 
clude males from the denominator. 
Ideally, only sexually active females 
without a history of salpingectomy 
would represent the population at risk. 
Regardless of the size of a series of 
patients with a given disease, no matter 
how expertly studied in a medical cen- 
ter of undisputed excellence, the results 
of such an investigation will create prob- 
lems in interpretation because, with rare 
exceptions, no single hospital or medical 
center can claim to be providing medi- 
cal care for a well-defined, representa- 
tive population. Unfortunately, the bulk 
of the clinical literature consists of such 
studies. Estimates derived from such in- 
vestigations frequently serve as a basis 
on which the practicing physician must 
rest his immediate decisions. The ma- 
jority of investigators conduct de- 
nominator-less studies not out of ig- 
norance, but because high-quality epi- 
demiologic studies are often time-con- 
suming and costly. While considering 
the denominator (population at risk), 


the epidemiologist, like the clinician, 
must use equal care in identifying the 
numerator (cases of disease). The dis- 
order under investigation must be ac- 
curately defined and diagnostic criteria 
must be established. ; 


The magnitude of the.disease burden 
in the population or the distribution of 
disease is usually expressed in terms of 
certain epidemiologic indices sucli as. 
mortality, incidence, and prevalence. 
Mortality measures the frequency of 
deaths within a specific population and 
is calculated for a given time interval 
and given place. It is often expressed as 
a mortality rate: 


Numbers of deaths 

from a given disease during 

a specified period of time 

. in a specified population 

Mortality rate = —— ————————————— 
Number of persons in the 
same specified population 
and during the same spec- 
ified period of time at risk 
of dying from the disease 


Number 
of deaths 


Population 
at risk 


or 


Mortality rate = per year 


Although most countries have an es- 
tablished system for collecting and re- 
porting mortality data, there are many 
problems associated with the use of 
such information. Routine mortality tab- 
ulations generally consider only the un- 
derlying cause of death. Thus, other 
conditions contributing to the patient’s 
demise may not be included. Further- 
more, the accuracv of diagnostic infor- 
mation on the death certificate, the 
source of mortality data, must be ques- 
tioned. Finally, death tabulations. are 
not generally useful for diseases which 
rarely have a fatal outcome such as otitis 
media. Although such data are readily 
available in large enough numbers for 
analysis by age, sex, race. geographic 
distribution, etc, the significant draw- 
backs noted above negate the applica- 
bility of death data for investigations of 
the epidemiology of otitis media. 


Two indices of morbiditv or disease 
frequency are incidence and prevalence. 
Incidence measures a rate of events 
(each event taking place when a well 
person becomes ill) and may be viewed 
as being dynamic. The faster the rate 
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of these events, the greater the risk for 
any person in the denominator to de- 
velop the disease and move up into the 
numerator. Thus, above all, incidence 
is a measure of risk. Incidence rate may 
be defined as the rate at which new 
cases of a disease occur in à population: 


Number of new 
cases of a disease arising 
during a specified period of 
“time in a specified population 
Incidence rate: = — ———— — —— —  — 
: Number of persons in the 
same specified population 
and during the same speci- 
fied period of time at risk of 
newly developing the disease 
or 
Number 
] of new cases 
Incidence rate — per year 
Population 
at risk 


The study of incidence rate has many 
uses. One can identify segments of the 
population at unusually high risk for a 
disease and concentrate one's efforts on 
that segment in the pursuit of etiologic 
clues, preventive measures, and thera- 
peutic strategies. Prevalence, on the oth- 
er hand, measures how many diseased 
persons exist in a population at a given 
time. It is usually expressed as a ratio: 


Number of cases of a 
disease existing in a spec- 
ified population during 
a specified period of time 


Number of persons in the 
same specified population 
and during the same speci- 
fied period of time capa- 
ble of having the 
disease 


Number 
of existing cases 


Prevalence Ratio — 


or 


Prevalence ratio = 
Population at risk 


Prevalence i8.useful in defining the eco- 
nomic burden exerted by a given dis- 
order; it tells one how many cases of a 
disease exist in a population at a given 
time, thereby creating a demand for 
medical services. 


There is one all-important concept 
that one must keep in mind: incidence 
rate is a direct measure of risk, and 
prevalence is not. Let us illustrate with 
hypothetical figures. Suppose that prev- 
alence ratios of otitis media have been 
measured in a defined population of 
school children for a given point in time, 


Incident Cases 





Prevalent 
Pool Z Outmigration of 


Inmigration of 


Affected Persons T. 


of Cases T Affected Persons 


NIA see Oe æ Death 


\ 


Cure 


Fig. 2. Incidence-prevalence relation- 
ship. (Unpublished illustration reproduced 
with permission from Gordis L, School of 
Hygiene and Public Health, The Johns 


Hopkins University, Baltimore, Mary- 
land.) 
and it was determined that 4 per 100 six- 


year-olds had otitis media, while only 1 
per 100 twelve-year-olds was so afflict- 
ed. Based on this finding nothing can 
be said about a 6-year-old child's versus 
a 12-year-old child's risk of developing 
otitis media. For instance, the risk might 
be the same, but the difference may lie 
in the natural course of the disease in 
the two age groups. In the 6-year-old 
child, the average duration of tympanic 
membrane abnormality may be 40 days, 
while in the 12-year-old child it may be 
only 10 days. Thus, prevalence ratios by 
themselves cannot identify the segment 
of a population at greatest risk. The re- 
lationship between incidence and preva- 
lence may be expressed as follows: pre- 
valence approximately equals incidence 
multiplied by the average duration of 
the disease. The relationship between 
incidence and prevalence is illustrated 
in Figure 2. The prevalent pool of cases 
is enlarged by each incident case. If the 
duration of illness is long, each incident 
case will contribute to prevalence for 
a long period of time; if duration of ill- 
ness is short, the case will only briefly 
contribute to the prevalent pool. 


Descriptive Epidemiology of Otitis 
Media. Existing literature of the descrip- 
tive epidemiology of otitis media was re- 
viewed, and studies were identified in 
which the authors attempted to desig- 
nate a population at risk. Exclusion of 
small-scale studies dealing with groups 
living in relative isolation left a total of 
five such investigations. These will be 
reviewed in an attempt to define the 
magnitude of the problem of otitis 
media itself, its age and sex distribution, 
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TABLE 1. MAJOR CHARACTERISTICS OF REVIEWED STUDIES 





Author and Year 


of Publication Study Objective — 





Cases Identified Population at Risk 





National Center 
for Health 
Statistics, 1972? 


Prevalence of otolaryn- 
gological abnormalities 
in US children 


British Medical 
Research Council, 
1957* 


Annual attack rate of 
otitis media in a se- 
lected British general 
practice population in 


Paavolainen, 


Frequency of purulent 
1966° 


otitis media in Helsinki 
residents in 1961-62 


Annual incidence of 
otitis media in a pedi- 
atric partnership prac- 
tice in Scotland 


Attack rate of otitis 
media in a birth cohort 


Paterson and 
MacLean, 1970* 


Miller, 1960* 


Not applicable, 
see text 


Multistage stratified sample 
consisting of 7,417 US 
school children 6-11. years 
of age : 


1,162 patients Mid-year combined popula- 
with acute tion of the surveyed gener- 
otitis media al practices -consisting of 

47,061 persons of all ages 


4,069 patients 
with purulent 
otitis media 


Average population' of Hel- 
sinki in 1961-62 was con- 
sidered to approximate the 
population at risk, consisting 
of approximately 500,000 
persons? 


1,947 children, under age 15 
years, registered with the 
study partnership practice 


212 children 
with acute 
otitis media 


163 children 
with otitis 
media 


Birth cohort of 1,142 in- 
fants, 847 of whom were 
followed-up to five years of 
age 


*Estimate based on 1971 census of 512,305." 


how it relates to hearing loss, and some 
of the more striking characteristics of its 
natural history. Table 1 summarizes the 
major characteristics of these five 
studies. 


Let us begin with two large-scale 
government-conducted studies, one a 
prevalence study of US children which 
includes data on otitis media, the other 
a British study of attack rates of otitis 
media seen in general practice. Early in 
1972, the National Center for Health 
Statistics survey data of otolaryngologi- 
cal abnormalities and hearing loss in US 
children became available.? A multistage 
stratified sample of children from all 
parts of the United States was surveyed 
for positive historv and/or physical find- 
ings indicative of past or present pa- 
thology of the ear. nose, or throat. The 
total sample of this prevalence study 
included 7,417 children from 25 states 
ranging in age between 6 and 11 years. 
Each one-year age category was repre- 
sented by approximately 1,000 children. 
These children were examined by survey 
staff pediatricians, and findings were 
reported descriptively, ie, without im- 
mediate diagnostic conclusions. Tym- 
panic membrane abnormalities were 
found in approximatelv 20% of all chil- 
dren; an additional 14% had at least one 


of their auditory canals so occluded that 
otoscopic visualization of the tympanic 
membrane was not possible. Less than 
1% of all children had tympanic mem- 
brane perforation(s); approximately 2% 
had unilateral or bilateral tympanic 
membrane scars. The difference in the 
prevalence of these findings by sex was 
not statistically significant, and no con- 
sistent age trend was demonstrated. The 
sole item in the medical history showing 
a strong association with measurable 
hearing loss was parental report . of 
"trouble hearing." For items included in 
the physical examination, five. tympanic 
membrane abnormalities were: strongly 
associated with hearing loss across. all 
eight test frequencies utilized in the 
audiometric evaluation included: as part 
of this investigation. In a decreasing 
order of strength of association: with 
hearing loss, they were as follows: per- 
foration, decreased mobility, bulging, 
scars, and retraction. Children with such 
conditions had significantly less sensi- 
tive hearing than those with normal 
tympanic membranes. but their mean 
hearing levels. nevertheless, were gen- 
erally still within the range of normal. 


Tn an extensive British study conduct- 
ed in 1955. all known cases of otitis 
media seen by 98 general practitioners 
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Fig. 3. Annual attack rate of otitis me- 
dia by age. (Modified with permission 
from Medical Research Council.’ ) 


in the course of one year were reviewed 
to determine the attack rate of acute 
otitis media and its age distribution. The 
midyear population of the combined 
practices was 47,661 persons, roughly 
one fourth of whom were children under 
15 years of age. All patients seen by 
their physicians and thought to have 
acute otitis media were included in the 
survey. Diagnostic criteria were not 
specified, being left to the discretion of 
the individual doctor. During the year, 
1,162 patients of all ages were diagnosed 
as having acute otitis media, and 127 of 
these were recorded as having more 
than one attack during the year. The 
total number of attacks was 1,323 giv- 
ing a crude attack rate for all ages and 
both sexes of 2.8/100 persons per year at 
risk, The highest attack rate was report- 
ed in preschool and early school years 
(Fig. 3), peaking at 21% per year for 
six-year-olds and falling rapidly to a 
continuing low level in adult life. Al- 
though an attack rate of 14% per year in 
the first year of life was reported, the 
datà on both cases and population at 
risk were thought to be least reliable 
in the group under two years of age. 
The pattern of age-specific rates was 
not altered when males and females 
were considered separately. A previous 
history of otitis media was recorded for 
almost half of patients who had attacks 
in 1955. All but 4% of the patients par- 
ticipated in the six-month follow-up. 
Residual deafness was reported for 3% of 
children between 2 and 14 years of age, 
only one case having been reported for 
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Fig. 4. Annual frequency of acute otitis 
media in Helsinki residents as calculated 
by cases treated at the University Oto- 
laryngological Hospital of Helsinki, as a 
percent of the average population ol Hel- 
sinki, in 1961-1962. (Modified with per- 
mission from Paavolainen.*) 


children under 2 years of age. Methods 
by which hearing acuity was evaluated 
were not reported. 


We shall now review two small- 
scale studies, the first pertaining to a 
Finnish, and the ud to a Scottish 
population. During a 12-month period in 
1961-62 all cases of purulent otitis media 
presenting to the University Otolaryngo- 
logical Hospital of Helsinki were sur- 
veyed by Paavolainen. Only patients 
with purulent otorrhea or pus on para- 
centesis were included. Since the ma- 
jority of Helsinki residents with such 
symptomatology were expected to seek 
therapy or be referred to that hospital, 
Paavolainen considered the average 
population of Helsinki in 1961-62 to be 
the population at risk. He calculated the 
annual frequency for residents of Hel- 
sinki on the basis of the number of cases 
of purulent otitis media treated at the 
hospital and the average population of 
Helsinki (Fig. 4). He felt that although 
the frequency of purulent otitis so ob- 
tained would be an underestimate, a 
reliable picture of its age distribution 
might be derived. Figure 4 shows the 
highest frequency occurring during the 
pre- and early school years, a peak at 
age three, and a steep drop between 
the age of three and the early teens. 
By age 15, the frequency declines to the 
low level observed in adults. The low 
frequency before age three is thought to 
be largely artifactual since otitis media 
often remains undiscovered in this age 
group. Sex distribution was not studied. 
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Fig. 5. Frequency of bilateral and re- 
current infections experienced during the 
study year in different age groups. ( After 
the age of 9, the number of cases is small 
and so the results must be appraised cau- 
tiously.) (Modified with permission from 
Paavolainen.") 


Only 4,069 patients were affected D 
5,180 episodes of purulent otitis, wit 
1,111 episodes representing recurrences. 
Age-specific frequencies of recurrences 
and bilaterality were calculated for the 
cases of otitis media; both were highest 
in the first year of life, dropping fair- 
ly rapidly until the beginning of school 
age, and decreasing more gradually 
thereafter (Fig. 5). Approximately every 
second patient in the group below one 
year of age suffered from bilateral in- 
fections. The relapse rate for children in 
their first year was 39.6%. For children 
four to five years of age the relapse rate 
was approximately one half the rate for 
those under one year of age. Hearing 
was impaired at follow-up (time un- 
specified) in 32 of patients as evaluated 
by a physician and in 10% of patients as 
evaluated by the family or the patient 
himself. Of those whose hearing was im- 
paired, it remained impaired in 72 (in 
0.4%, severely). There were no distinct 
differences between age groups. 


A Scottish study stemming from the 
University of Edinburgh? included all 
pediatric cases of acute otitis media pre- 
senting to a partnership practice in the 
course of one year. The population at 
risk consisted of almost 2,000 children 
under age 15. After an initial clinical 
evaluation and therapy, and a follow-up 
evaluation one month later, the patients 
were offered an independent examina- 
tion by an otolaryngologist to be sched- 
uled three months after the onset of ill- 
ness. This later assessment included an 
examination of the tympanic membranes 


TABLE 2. CHILDREN WITH ACUTE 
OTITIS MEDIA 





Pts. at risk Rate/ 

(midyear No. of 100 at 

Age (yr) population) Pts. risk/year 
0- 63 7 ; ill 
y- 59 13. : 220 
1- 182 19.- . 10.4 
2- 161 29 ` 18.0 
3- 171 33 19.3 
4- 161 2673161 
5- 141 26 18.4 
6- 129 15 11.6 
7- 130 6 4.6 
3- 128 13 10.1 
9- 100 3 3.0 
10- 118 4 3.4 
ll- 97 4 4.1 
12- 108 8 7.4 
13- 95 4 4.2 
14-15 104 2 2.0 
Total 1,947 212 10.9 


. (Reproduced in part with permission from 
Paterson & MacLean"*) 


and an audiometric evaluation. Table 2 
summarizes the age distribution of the 
population at risk, and the age-specific 
incidence rates of acute otitis media for 
that year. Thus 212 (11%) of the chil- 
dren in the practice were seen with an 
attack of acute otitis media during the. 
year. Some 19% of those affected had 
more than one attack, and in these 
cases only the first attack was in- 
cluded in the survey. The risk of otitis 
media was highest for the second 
six months of life (22%); it ranged 
between 10 and 19% from one to 
five years of age, and dropped fairly. 
precipitously to a range of 2 to 7% after’ 
nine years of age. When first seen, 45% 
of the children with otitis were febrile 
and 21% had purulent otitis, otorrhea, or 
perforation. At the one-month follow- 
up, 29% of children in the study had tym- 
panic membrane abnormalities. Approxi- 
mately two thirds of the study group 
appeared for the three-month tola. 
gological follow-up. Of these, 592 had 
tympanic membrane abnormalities. 
Audiometric testing was carried out in 
approximately one half of. the children 
presenting for this three-month :follow- 
up; 45% demonstrated a hearing loss of 
15 dB or more. No explanation was of- 
fered for the disparity between percent- 
ages of patients with positive findings 
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attending the one-month, as compared to 
the three-month follow-up visit. Among 
possible reasons for this discrepancy one 
might include the following: a) patients 
with more severe illness were more likely 
to‘keep the three-month follow-up ap- 
poiitment, and/or b) the diagnostic 
criteria. employed during the two visits 
` were not comparable. 


Because of its design, of great interest 
is a longitudinal study of a cohort of 
children born in Newcastle-upon-Tyne 
between May 1 and June 30, 1947.* The 
cohort of 1,142 infants enrolled was re- 
duced to 847 children by the time the 
participants reached five years of age; 
the attrition was due to death in 49, 
migration in 239, and withdrawal from 
the study in 7 children. In the 847 re- 
maining children, the frequency and 
type of illness and developmental his- 
tories were collected by regular home 
visits from health workers and physi- 
cians. Otitis was defined by any of the 
three following criteria: a) ear pain and 
redness of the tympanic membrane; b) 
severe ear pain in the absence of exam- 
ination; or c) illness with purulent otor- 
rhea. Otorrhea was the most frequently 
used criterion; therefore, the attack rate 
as reported was considered to be an un- 
derestimate. There were 260 attacks of 
otitis per 847 children observed over five 
years. Age and sex distribution were not 
reported. More than one third of the re- 
ported attacks were recurrences. Out of 
847 children, 163 (19.2%) had otitis by 
age five, and one third of these had 
more. than one attack. The recurrence 
: tate was further detailed as follows: 110 

children had a single attack, 19 children 
had two to three distinct attacks, 10 
children had two or three exacerbations 
in. the course of a continuous or intermit- 
tent otorrhea lasting as long as three 
months, and 24 children had four or 
more attacks of acute otitis or acute 
. exacerbations in the course of a persist- 
ing otorrhea lasting longer than three 
months... « 


The data reviewed so far suggest that 
otitis media is a common disorder with 
risk being highest in the pre- and early 
school years. However, good data of its 
incidence under the age of two years 
are lacking; this is especially true for 
neonates and infants. Existing data for 


the first 24 months of life are likely to 
be underestimates of the true incidence. 
The more obvious reasons for this un- 
derestimation are as follows: 


a. The large surveys exclude neonates 
and infants. 


b. The private-practice studies in- 
clude only symptomatic children. One 
might speculate that during the first 
year of life, before a child is able to ver- 
balize complaints, symptoms such as 
mild to moderate ear pain or hearing 
loss may be overlooked. 


c. Examination of tympanic mem- 
branes during the first 12 months of life 
is more difficult than in the subsequent 
12 years, allowing more room for either 
an over- or underdiagnosis of middle 
ear pathology. 


d. Finally, hearing evaluation and its 
reliability during the first year of life 
is usually deferred to experts. It is nei- 
ther routinely available nor routinely 
performed during the first two years of 
life. Other conclusions can be sum- 
marized as follows: 


a. No marked differences in sex distri- 
bution of frequency exist. 


b. Frequent recurrences are the hall- 
mark of this disease, the younger patient 
seemingly being the most vulnerable. 


c. Mild hearing deficit lasting for 
months is not uncommon; severe hear- 
ing loss is relatively rare. 


Analytic Epidemiology. While the 
task of descriptive epidemiology is to 
determine "What is" via study of avail- 
able statistics and measurement of mor- 
tality and morbidity, testing of the eti- 
ologic clues thus obtained is the domain 
of analytic epidemiology. In studying 
how persons with the disease differ from 
those without it, epidemiologists identify 
factors associated with the disease. Once 
associations are determined, they must 
be differentiated into those that are arti- 
factual, usually due to poor study de- 
sign, and those that are real. The real 
associations, in turn, must be differenti- 
ated into those that are indirect and 
those that are direct or signifying a 
causal relationship. For instance, an as- 
sociation was observed between cirrhosis 
of the liver (a disease) and cigarette 
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TABLE 3. RETROSPECTIVE STUDY 


TABLE 4. PROSPECTIVE STUDY 

















Diseased Nondiseased Etiologic Development of Disease 
Etiologic Group Group Characteristic 
Characteristics (Cases) (Controls) or Exposure Yes No~ Total 
on a b Present (exposed) a b "a+ b 
Absent c “Absent (unexposed d Le+d 
Total a+c b+d ( posed)" PAR 


smoking (a factor). Although the as- 
sociation is real, it is indirect; that is to 
say, it is unlikely that cigarette smoking 
causes cirrhosis of the liver. The as- 
sociation probably represents the fact 
that both heavy cigarette smoking and 
uus are a part of an alcoholic pro- 
ile.' 


Two general approaches are avail- 
able in analytic epidemiology: a) a 
retrospective study and b) a prospective 
study. The framework of a retrospective 
study is summarized in Table 3. Thus, 
in the retrospective investigation, one 
begins with a group of individuals 
with a disease of interest (cases) 
and a group of individuals without that 
disease (controls). The basic assump- 
tions in a case-control study are that a) 
a case is representative of all cases of a 
disease, and that b) controls are repre- 
sentative of the population free of the 
disease. The present or past history of 
these two groups is explored in search of 
factors thought to be related to disease 
occurrence, with the objective of identi- 
fying factors differentially distributed in 
the group with the disease as compared 
to the group without the disease. There 
are two common ways of measuring 
whether there is an association between 
a disease and a suspected etiologic char- 
acteristic: a) The proportion of the cases 


a 
with the factor, ——, can be compared 
aT c 
to the proportion of controls with the 
factor, ww If a difference exists, it 


can be evaluated with appropriate sta- 
tistical tests. b) An estimate of relative 
risk can be made. 


The usual sequence of analytic inves- 
tigations is that retrospective studies 
precede prospective studies. A retro- 
spective study is typically short, inex- 
pensive, and deals with a relatively small 
number of study subjects. It can investi- 
gate simultaneously the association of a 


number of factors with a single disease. 
Those hypotheses which survive the 
"quick" test of a retrospective study can 
be further tested in a prospective inves- 
tigation. Several limitations of a retro- 
spective study should be kept in mind: 
a) the temporal relationship between 
the exposure and the disease is some- 
times hard to establish; b) the assess- 
ment of exposure may be biased (eg, the 
individual with the disease may have a 
distorted recall of factors that he feels 
may have contributed to the develop- 
ment of the disease); c) it may be im- 
possible to investigate changes in expos- 
ure over time; and d) selection of suit- 
able controls may be difficult. 


In a prospective study (Table 4) 
groups of exposed and unexposed indi- 
viduals are followed over time for the 
development of disease. It is possible to 
determine the incidence rate, or absolute 
risk, of disease among the exposed, 





a 
, and compare it to the rate of dis- ` 
a+b ` 


e +4 
ease among the unexposed, ———. The 


c+ c 
ratio of these is defined as the relative 
risk (RR). 





a 

iie Incidence rate among exposed _ a+b 
Incidence rate among unexposed c 
c+ 


A prospective study has several ad- 
vantages: a) the temporal relationship 
between exposure status and disease on- 
set can be measured, since absence of 
disease is established in the study popu- 
lation initially; b) association of multiple 
outcomes with a single exposure can be 
studied (eg, the risk of lung carcinoma, 
coronary heart disease, and carcinoma 
of the larynx can be estimated in those 
who smoke); and c) information regard- 
ing change in exposure status can be 
obtained and related to the outcome, 
(eg, if a smoker becomes a nonsmoker, 
exposure can be expressed as person- 
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fe 
i Fig. 6. Schema for proposed associa- 


tions between otitis media, hearing loss, 
and developmental disability. 


years of exposure). A prospective study 
also has major disadvantages: a) it is 
typically expensive and of long dura- 
tion; b) it is likely to sustain losses to 
follow-up; c) it may be unable to incor- 
porate new medical knowledge; d) the 
study itself may alter the outcome be- 
ing measured; e) it may not be able to 
avoid bias which occurs when assess- 
ment of outcome is being made with 
knowledge of exposure status; and f) it 
is generally appropriate only for com- 
mon disorders. 


SUGGESTED STUDIES OF POSSIBLE 
ASSOCIATION BETWEEN OTITIS MEDIA 
AND DEVELOPMENTAL DISABILITY 


Let us return to the central issue of 
this paper: is there an association be- 
tween otitis media and developmental 
disability (Fig. 6)? Convincing evi- 
dence exists that a) otitis media fre- 
quently causes mild hearing loss? and b) 
mild hearing loss, when it occurs during 
a developmentally critical period, may 
indeed be the cause of developmental 
disability. The association between 
otitis media and developmental disabil- 
ity'® is less clear and requires further 
study, What kind of study design then 
would be most suitable to investigate 
possible associations graphically repre- 
sented in Figure 6? In a traditional man- 
ner, let us first consider a retrospective 
approach. First, correct diagnostic cate- 
gorization of otitis media would have to 
be formulated with the establishment 
of minimal diagnostic criteria. Rules for 
inclusion and exclusion of cases would 
have to be made. Definitions of hearing 
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loss and developmental disability and 
methods by which these can be identi- 
fied and measured would have to be de- 
veloped. The source of cases and con- 
trols could be any community where 


E: screening for hearing loss and develop- 
- mental disability could be conducted in 


a pediatric population for whom reason- 
ably uniform medical care and accurate 
and detailed medical records are avail- 
able. Medical records could then be 
utilized to identify cases of otitis media 
which were brought to medical atten- 
tion. Large cohorts of children belonging 
to health maintenance organizations or 
prepaid medical groups, in which all 
medical care is provided by a single 
source, represent possible study groups. 
The population of Olmsted County, 
Minnesota, would be another suitable 
subject for such an effort. Because of 
its unique records-linkage system," 
virtually all identified cases of a given 
disorder diagnosed in this county are 
available for review. More importantly, 
fairly uniform medical care is available 
to the county population. With the per- 
mission of parents and the participating 
pediatric out-patient facilities, hearing 
and developmental screening of clinic 
patients would be carried out over the 
course of one year. An appropriate ques- 
tionnaire and a specified physical exam 
would be completed on all screened in- 
dividuals. The questionnaire would at- 
tempt to elucidate any history of otitis 
media which may not have been includ- 
ed in the medical records; the physical 
exam would rule out current otitis me- 
dia and document evidence, if any, of 
previous otitis media, such as tympanic 
membrane scarring or perforation. The 
plan would be to test a sufficient num- 
ber of children ranging in age from 2 to 
6 years.* The screening could take place 
during a well-child visit, defined as an 
examination at the time of which the 
child is free of acute illness. 


Answers to the central questions 
posed by the study (Fig. 6) would be 
sought by analysis of the data obtained 
by questionnaire, physical exam, and 
screening procedures. A profile of study 
design for each question is presented in 
Table 5. 


*The lower age limit of two years is indicated by the lack of suitable screening procedures 
for hearing impairment in children under two years of age. The upper limit of six years of age 
is based on the assumption that major developmental accomplishments have been attained by 


this age. 
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TABLE 5. PROFILE OF RETROSPECTIVE STUDY DESIGN FOR THE PROPOSED 
ASSOCIATIONS BETWEEN OTITIS MEDIA, HEARING LOSS, AND 
DEVELOPMENTAL DISABILTTY i 











- Study Subjects 
^ t5 Children 2 through 6 Years* 


Question „= Cases Controls 


Is developmental disability associated with Children with devel- Children without devel- 
hearing loss? opmental disability opmental . disability, 
Factor Under Investigation: hearing loss® ° - 

Outcome: developmental disability? * 


Children with devel- Children without devel- 


Is developmental disability associated with ek 
f opmental disability 


history of otitis media 


Factor under investigation: History of 
otitis mediat 

Outcome: developmental disability? ° 

Is hearing loss associated with history of 
otitis media? 

Factor under investigation: History of 
otitis mediat 

Outcome; hearing loss?? 


Children with hear- 
ing loss 


opmental disability ` 


Children without hear- 
ing loss 


*For each question, with the caception of the factor under in vestigation, each control would 
be matched to each case for major identifiable factors suspected to be contributory to the out- 


come, 


**Per screening exam within range specified in study design. 


1As defined in study design. 


When controls are matched to cases 
in order to make the two groups com- 
parable with regard to other factors 
which might influence the association 
being investigated, the analysis is car- 
ried out utilizing the format outlined in 
Table 6. The number of case-control 
pairs in which both the case and the con- 
trol have the factor present is designated 
as "A". The number of pairs in which the 
factor is absent for both the case and 
the control is designated as "D." ^B" rep- 
resents the number of pairs in which the 
factor is present for the case but not the 
control, and *C" represents the number 
of pairs in which the factor is absent in 
the case, but present in the control. Un- 
der these circumstances, relative risk 


B 
may be estimated by the ratio, "xn If 


there is no association, one would ex- 
pect a relative risk of 1.0. Appropriate 


TABLE 6. ANALYSIS OF CASE-CONTROL 
STUDIES; CONTROLS MATCHED TO 











CASES 
Controls 
Factor Factor 
Present Absent 
Factor Present A B 
Cases 
Factor Absent C D 


statistical tests can be used to determine 
whether a calculated relative risk great- 
er than 1.0 is statistically significant, 
thus implying an association. between 
the factor and the disease. 


The retrospective studies proposed 
have several limitations. The absolute 
risk of hearing deficit in children, with 
otitis media, or the absolute risk-of'de- 
velopmental disability in children with 
hearing loss, or the absolute risk of de- 
velopmental disability in children with 
otitis media could not be estimated. 
That is to say, a. retrospective. study 
could determine that the risk of develop- ` 
mental disability in children with a his- 
tory of otitis media is, let's say, twice as 
high as in children without such history 
(relative risk); it could not estimate, 
however, how many out of 1,000 chil- 
dren with a history of otitis media. will 
sustain developmental disability '(ab- 
solute risk). oi i 


Other limitations in using a retrospec- 
tive study design are inherent in the na- 
tural histories and interrelationships of 
the three disorders under discussion. It 
has been proposed that an early onset 
of otitis media heralds chronicity.'? Other 
studies reviewed earlier^* suggest that 
the frequently occult otitis media in the 
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neonate and infant leads to an under- 
estimation of its frequency during the 
first year of life, Such cases would be 
missed in a retrospective study. Without 
doubt, foundations of language develop- 
ment'are laid down during early months 


of ;life,? and undetected otitis media,” 


should it lead to hearing loss, might con- 
tribute to delay of language develop- 
ment. Special attention to this period of 
life’ seems indicated. Attemps to detect 
all episodes of otitis media would call 
for a prospective investigation in which 
the first examination of the study popu- 
lation would take place during the first 
few days of life, followed by frequent, 
regular examinations by trained observ- 
ers. Further, accurate case ascertain- 
ment of recurrences is essential if one is 
to determine whether increasing risk of 
chronicity, hearing loss, or developmen- 
tal disability is incurred by each suc- 
cessive episode of otitis media. 


The definitive study, therefore, may 
be envisioned as a cohort study of all 
neonates, or a representative sample of 
neonates, born into a geographically de- 
fined population during a given period 


of time. After consent for participation 
in the study is secured, the initial exam- 
ination would be completed during the 
neonatal hospital stay. Close follow-up 
would have to be arranged at that time. 
This follow-up would have to continue 
for a number of years, at least up to the 
age when final developmental outcome 
can be determined to the satisfaction of 
the investigators. In view of the implicit 
cost, complexity, and long duration of 
such a study, it is difficult to imagine 
that it would be justified for the inves- 
tigation of a single outcome. Such longi- 
tudinal studies are ideally suited for the 
determination of multiple outcomes 
from a limited number of antecedents, 
and require cooperation of agencies and 
people involved in the health care of our 
pediatric population. Until such time 
when a) adequate screening methods of 
hearing acuity in the newborn and in- 
fant become available, and b) a coop- 
erative study permitting incorporation 
of a longitudinal investigation of otitis 
media is feasible, it might be advisable 
to proceed with the retrospective ap- 
proaches outlined. 
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MEDICAL ETHICS AND CONTROLLED CLINICAL TRIALS : 


Jerome O. Kier, MD Ns. 
Boston, MASSACHUSETTS ` 


The controlled clinical trial is a relatively new phenomenon; the first large clinical trial 
on evaluation of streptomycin in therapy of pulmonary tuberculosis occurred in 1946. In such 
a study, two or more groups of patients with similar characteristics are chosen by. random. al- 
location to receive one or more therapies. The essential ethical dilemma is based om the risk- 
benefit ratio of the new therapy. Ethical factors that must be considered in the design of con- 
trolled clinical trials include provision for informed consent, nature of alternate therapy, con- 
fidentiality of data, source of funding and potential conflict of interest, remuneration of sub- 
jects, criteria for ending participation of the subject, criteria for ere. the trial, compen- 
sation of injured subjects, compliance with institutional, municipal, state an federal regulations 
and provisions for special groups such as the fetus and pregnant woman, infants and young 
children, institutional patients and prisoners. Federal gui elines for research in specific areas 
are now available through the reports of the National Commission for the Protection of Human 


Subjects of Biomedical and Behavioral Research. To date, commission reports include recom- 
mendations for research in fetuses and pregnant women and in children. Protection of the sub- 
ject is best pone by the quality of the protocol, integrity of the investigator, valid informed 


consent, an 
tists and consumers. 


The controlled clinical trial is a rela- 
tively new phenomenon in medical re- 
search. Beecher credits La Place for first 
suggesting in 1814 the application of 
statistics in a medical experiment, with 
the use of two groups, one treated, and 
the other serving as a control.* The first 
large scale clinical trial was designed by 
the British Medical Council in 1946, 
under the supervision of Sir Austin 
Bradford Hill, to evaluate streptomycin 
in the therapy of pulmonary tuberculo- 
sis. Today, controlled clinical trials are 
the rule for evaluation of new drugs, 
vaccines, and surgical procedures. 


In the controlled clinical trial, two or 
more groups of patients with similar 
characteristics are chosen by random al- 
location to receive one or more ther- 
apies. The essential ethical dilemma is 
based on the risk-benefit ratio of the 
new therapy. Risk is incurred by the 
group who receives an unproven therapy 
but is shared by the alternate group 
who may be denied a therapy of po- 
tential value. In designing the trial the 
investigator must be confident that the 
risks to the subjects are outweighed by 
the sum of benefits and the importance 
of the knowledge to be gained for the 
individual and the community of pa- 
tients. 


review of the research program by an independent committee composed of scien- 


Public concern for human rights in 
the conduct of clinical trials has in- 
creased in recent years. In addition, the 
subject of medical ethics is discussed al- 
most constantly in the newspapers and 
magazines, on radio and television, in 
the various committees of the Congress, 
and by the executives and legislatures of 
local and state governments. There are 
now institutes devoted to the study of 
bioethics, scientific journals devoted ex- 
clusively to this subject, and a. new spe- 
cialist, the medical ethicist who is ready 
to provide consultation and guidance. 
Forums have been held to. increase 
awareness of investigators in the. var- 
ious social, ethical and scientific: factors . 
that must be considered in the-develop- 
ment of clinical trials. One example is 
the two-day Conference on “Clinical 
Trial Methodology sponsored’: by... the 
National Institutes of Health on October 
3-4, 1977. og Oe 


The ethics of the experiment are now 
a necessary part of the design of all 
medical research involving human. sub- 
jects. Technical innovations multiply op- 
portunities for medical intervention and 
create new ethical dilemmas. Decisions 
by the judiciary and changes in the legal 
status of medical procedures also neces- 
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sitate reconsideration of ethics factors 
of clinical investigation. Thus, the de- 
velopment of guidelines for investigators 
is an evolütionary process and requires 
frequent review and revision. Guide- 
lines. are issued at intervals by federal 
agencies. that sponsor human research. . 


Among the various factors that must:^ 


.. now be: considered in design of con- 
, trolled clinical trials are the following: 


-`> ]. Provision for informed consent. 


2. Nature of the alternate therapy or 
placebo. 


3. Confidentiality of data. 
4. Remuneration for subjects. 


9. Source of funding and potential 
conflict of interest with sponsors of re- 
search programs. 


6. Criteria for ending the experiment 
or participation of the subject. 


7. Compliance with institutional, mu- 
nicipal, state and federal regulations. 


8. Compensation of injured research 
subjects. 


9. Provisions for special groups in- 
cluding the fetus and pregnant mother, 
infants and young children, institutional- 
ized patients, and use of prisoners or 
other groups that may be subject to 
coercion. 


The role of these factors in the design 
of controlled. clinical trials related to 
otitis media is the subject of this review. 


‘HISTORY 


Medical résearch is as old as antiquity. 
Hippoerates. recognized that medical 
diagnosis-and therapy involved human 
experimentation. Recent concern for 
human rights in medical research devel- 
oped from the revelations of criminal 
experiments by physicians in Nazi 
Germany at the Nuremberg Trials in 
1947. One of the documents resulting 
from the trial included a set of regula- 
tions governing human experimentation, 
the-"Nuremberg Code.” 


The "Nuremberg Code" identified cer- 
tain basic principles that must be ob- 
served in order to satisfy moral, ethical 
and legal concepts. These included the 
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following concepts that were the fore- 
runner of the principles that govern con- 
trolled clinical trials today: 


l. The voluntary consent of the hu- 
man subject is essential. 


2. The experiments should be such as 
to yield fruitful results for the good of 
society, unprocurable by other methods 
or means of study, and not random or 
unnecessary in nature. 


3. The experiment should be so de- 
signed and based on the results of ani- 
mal experimentation and a knowledge 
of the natural history of the disease or 
other problem under study that the an- 
ticipated results will justify the per- 
formance of the experiment: 


4. The experiment should be so con- 
ducted as to avoid all unnecessary phy- 
sical and mental suffering and injury. 


9. The degree of risk to be taken 
should never exceed that determined by 
the humanitarian importance of the 
problem to be solved by the experiment. 


6. The scientist must be prepared to 
bring the experiment to an end if he 
considers that a continuation is likely to 
result in injury or disability to the sub- 
ject. 


Subsequent to the introduction of the 
“Nuremberg Code,” national and inter- 
national groups developed codes or 
statements of principles which were con- 
cerned with the protection of human 
subjects in research including the Amer- 
ican Medical Association? the World 
Medical Association (The Declaration 
of Helsinki, 1964),* the British Medical 
Research Council? and others.* 


Federal Regulations of Medical Re- 
search. Guidelines for human research 
have been published by various com- 
mittees appointed by the Secretary of 
the Department of Health, Education 
and Welfare (DHEW). Policy for 
groups that conduct medical research 
is outlined in The Institutional Guide to 
DHEW Policy on Protection of Human 
Subjects and includes a description of 
the review process for medical research, 
outlines the composition and functions 
of the human studies committee, states 
the basic elements of informed consent, 
and lists the requirements of assurance 
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that federal policies are implemented 
and being monitored.* 


In July 1974, the National Commis- 
sion for the Protection of Human Sub- 
jects of Biomedical and Behavioral Re- 
search (NCPHS ) was established by the 
National Research Act (Public Law 93- 
348) to develop ethical guidelines for 
the conduct of research involving human 
subjects and to make recommendations 
for the application of guidelines to re- 
search conducted or supported by 
DHEW. In August 1975, the Commis- 
sion published recommendations for re- 
search involving fetuses, pregnant wo- 
men, and in vitro fertilization." In Jan- 
uary 1978, the Commission published 
recommendations for research involving 
children.* 


In 1974, a task force was appointed 
by Dr. Theodore Cooper, then Acting 
Assistant Secretary for DHEW to make 
a detailed study of whether and how to 
compensate subjects injured in the 
course of research. The recommenda- 
tions of the task force were published in 
January 1977.° 


When accepted by the Secretary of 
HEW these reports form the basis for 
the ethics factors that must be consid- 
ered in the design of human experiments 
carried out under the sponsorship of the 
federal government. Undoubtedly new 
issues will arise that require modifica- 
tion of current recommendations. 


NEED FOR CONTROLLED CLINICAL 
TRIALS 


I agree with Beecher that "the con- 
cept of the controlled clinical trial may 
have done more to make modern medi- 
cine a reality than any other single fac- 
tor." The controlled clinical trial pro- 
vides a scientifically sound process for 
the development of new information 
about old as well as new untested ther- 
apies. 

Most investigators now believe that 
controlled trials should not be limited 
only to new therapies but must also look 
at accepted practices that have never 
been assessed in adequate scientific 
tests. When subjected to controlled 
clinical trial, many traditional therapies 
have been found to be of little value 
and some have been found to be harm- 
ful. The NINCDS is sponsoring a com- 
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mittee to determine the need and feasi- 
bility of a national, controlled trial of 
tonsillectomy and adenoidectomy 
(T&A), At present, about 750,000 pro- 
.ceditres are performed in this country 
each year. Physicians take strong stands 


“for or against the procedures without the 


benefit of adequate information to de- 
fine the role in the management of the `- 
child with recurrent tonsillopharyngitis `- 
or chronic otitis media. The ethical. di- .: 
lemma of a T&A study was stated. by 
Bradford Hill: “Is it ethical to take the 
tonsils out of thousands of school chil- 
dren on the flimsiest of evidence and so 
unethical to conduct a controlled trial of 
the procedure to learn whether it has 
any value?"!? 


There are circumstances which pre- 
clude a controlled clinical trial. The 
number of patients with the disorder 
may be too few. Initial studies and case 
reports may indicate the drug or pro- 
cedure has limited value or side effects 
and toxicity that outweigh potential 
benefits. Animal experiments may sug- 
gest toxicity in special groups. As an 
example, the commonly used antimi- 
crobial agent trimethoprim-sulfamethox- 
azole was found to produce teratologi- 
cal effects manifest mainly as cleft pal- 
ate when administered in very high 
dosage to pregnant rats. Although some 
human studies suggest a unique value 
of this agent in prophylaxis of recurrent 
urinary tract infection, a frequent prob- 
lem during pregnancy, clinical trials 
cannot be developed for study. of the ef- 
ficacy of the drug in pregnancy. because 
of the animal data. TEE 


ETHICS FACTORS IN DESIGN OF THE 
CLINICAL TRIAL- . 

The patient who participates in the 
controlled clinical trial is protected by 
the soundness of design of the program. 
Since all human studies result in. some 
inconvenience, discomfort, pain or even 
harm to the subiect, it is clear that the 
study of poor design is unethical. The 
patient is also protected by the integrity 
of the investigator. The investigator 
must accept responsibility first for the 
protection and welfare of his patient be- 
d the science and needs of the proto- 
col. 


The controlled clinical trial of poor 
design may yield misleading results and 
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may prevent conduct of a subsequent 
study of adequate design. The results 
of the inadequate program may mis- 
lead physicians who will then provide 
inappropriate therapy. Years may elapse 
with many patients treated before the 
proper study is performed. As'a corol- 
lary, the inadequate study may find that 
a promising mode of therapy is without 
value. The therapy is discarded where- 
as it. might have significant benefit to 
some or all patients. 


Nature of Risk in Controlled Clinical 
Trial. The potential benefit to the sub- 
ject or the community of patients is de- 
fined in the hypothesis of the controlled 
clinical trial but the nature of risk may 
be uncertain. Acceptable risk may be 
considered by the nature of the illness 
and the prospect of direct benefit to 
the subject. Greater risk is acceptable 
when all available treatments for a se- 
rious illness or disability have been tried 
without success. Expectation of success 
would be sufficient to justify risk, eg, 
tumor threapy. One could not justify sig- 
nificant risk for a disease that is likely 
to be minor or self-limited, eg, testing a 
medication for the common cold. Great- 
er risk is also permissible by an inter- 
vention that holds out the prospect of 
direct benefit to the individual subjects. 
One could not justify administration of 
potentially toxic drugs to normal sub- 
jects. ; 


How is the institutional review board 
to determine the nature of risk in a pro- 
posed trial? The NCPHS suggests con- 
sideration of the degree of risk based on 
- the following: a common sense estima- 
tion of tisk; an estimation based on in- 
vestigators’ experience with similar in- 
terventions or procedures; and review 
of statistical information that is avail- 
able: regarding such interventions or 
procedures. Such boards should seek the 
advice “of scientific consultants to de- 
termine: if knowledge of risk is avail- 
able.5 - 


Nature of Informed Consent. In a re- 
cent editorial in the New England Jour- 
nal of Medicine, Vaccarino discussed the 
role of consent, informed consent and 
the consent form in clinical trials. “The 
unpermitted, unprivileged touching of 
the person of another is a legal wrong, 
or technically a battery. The defense to 
a charge of battery is consent.”" It is the 
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duty of the investigator to inform the 
subject of the nature of the research and 
the known risks and benefits, and to ob- 
tain written consent for the subject's 
participation. 


The consent form includes six ele- 
ments:;^/? purpose of the research; pro- 
cedures involved; risks; benefits; a state- 
ment that the subjects are free to with- 
draw from the research without preju- 
dice; and an invitation to ask questions. 
The language must be simple and un- 
ambiguous. The form used by the Com- 
mittee on Human Studies of the Trus- 
tees of Health and Hospitals of the City 
of Boston, Inc. is included in Appendix 
A. 


What the patient makes of the infor- 
mation is uncertain, Some argue that the 
layman cannot fully comprehend the 
nature of the randomized controlled 
trial, the risk-benefit ratio, or the role of 
the subjects in research that is not di- 
rectly of benefit to him. The ethics of 
informing the patient of his rights is it- 
self the subject of current research. Nev- 
ertheless, the obligation of the investi- 
gator is clear; he must inform as fully 
as possible and provide without coercion 
the right to consent or refuse to partici- 
pate. 


Legal actions for lack of or inade- 
quacy of informed consent have been 
brought despite the existence of a signed 
consent form. Dr. Denton Cooley, the 
eminent heart surgeon, and his asso- 
ciates were sued in 1971 by the widow 
of the first recipient of a mechanical 
heart.'? Although the widow signed a re- 
lease for her husband's surgery and the 
patient signed an informed consent 
statement allowing placement of the 
mechanical heart, the plaintiff claimed 
in her suit that she did not understand 
what she was signing, and neither she 
nor her husband knew that the artifi- 
cial heart had never been used previous- 
ly in a human being. Although the jury 
found in favor of the investigator, it is 
clear that a signed consent form does 
not provide protection from legal ac- 
tion against those responsible for the 
research program. 


Nature of Placebo or Alternate Ther- 
apy. The placebo is defined as any ther- 
apy that is knowingly used for its non- 
specific effect but some ethicists are 
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concerned that the use of a placebo is 
deceptive and therefore unethical.'* 
Current practice of requiring descrip- 
tion of the nature of the placebo in the 
informed consent would seem to avoid 
surreptitious use of the placebo. Al- 
though the psychologic or psychophysio- 
logic effect of the placebo may be di- 
minished or lost, it is clear that decep- 
tion is no longer permitted under pres- 
ent guidelines for investigators. 


In considering the nature of the pla- 
cebo or alternate therapy, the nature of 
the trial must determine the material to 
be used. If one agent is known to be 
beneficial, the inclusion of a placebo is 
unethical. But if doubt exists as to 
whether any of the agents is beneficial, 
then a placebo is both desirable and 
ethical. Thus, a new antibiotic would 
be compared with the best available 
drug. But a study of a cholesterol-lower- 
ing agent in patients with cardiovascular 
disease would require use of a placebo 
since there is no significant evidence 
that any therapy is effective in reducing 
morbidity. 


When to Stop the Test. Ethical de- 
cisions about ending a controlled trial 
may raise difficult questions. If a trend 
is apparent to the physicians, can the 
trial be continued? To end the trial be- 
fore a statistically significant result oc- 
curs may deny future patients the best 
treatment since scientific proof will not 
have been achieved. On the other hand, 
subjects may suffer needlessly if a trial 
is extended when an answer is already 
available. 


If the controlled study is double- 
blinded, the participating physicians are 
unaware of the therapeutic results until 
the code is broken. But the physician 
who is aware of trends of success or 
failure may lose objectivity in surveil- 
lance of the program. Shaw and Chalm- 
ers recommend that the decision to 
continue, stop or modify an ongoing 
study should not be in the hands of the 
participating physicians but in the hands 
of an independent group of experts who 
are empowered with the development 
and execution of the trial. 


If a harmful effect occurs even in a 
double-blind trial, the code can be brok- 
en by the independent group of experts 
to determine if one of the modes of ther- 
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apy is responsible. or. sighificantly ade 


sociated with toxicity. — , 
Funding of Controlled Trials: and 


Conflict of Interest.. Financial support 


for-controlled trials in this country comes 
from the National Institutes*of Health 
and other federal agenciés, from the 
pharmaceutical industry and manufac- . 
turers of various types of medical equip- 
ment, and from private foundations. 
Manufacturers have an interest in appro- 
priate controlled trials of their prod- 
ucts. Not only is it necessary for them to 
obtain data about new products for pres- 
entation to federal review boards but 
the products may be competing with 
older established products and require 
substantiation of safety and efficacy 
to be competitive. Conflict may arise if 
the research program of investigators is 
dependent in part or in its entirety on 
support from one or more manufactur- 
ers. 


The recent report" of a controlled 
clinical trial of sulfinpyrazone in the 
prevention of cardiac death after myo- 
cardial infarction indicated an optimal 
mode of support by industry. Funds 
were provided by the drug company 
but the design and conduct of the study 
was delegated to an independent com- 
mittee. It is evident that the credibility. 
of the investigator and the investigation 
requires careful attention to possible bias 
in the design of the controlled clinical 
trial based on the source of financial 
support. One of the responsibilities of 
the institutional review board is to de- 
termine whether such bias may occur 
and to avoid issues before they’ arise: - 


Research Involving. Children. In: its 
summarv statement: on research: involv- 
ing children, the NCPHS declared, “Re- 
search involving children is. important 
for the health and well being: of chil- 
dren."* Many examples can be eited for 
the need to use children of appropriate 
ages in medical research: 


1. There are no adult models for cer- 
tain. diseases. de 


2. Appropriate management of certain 
conditions can only be evaluated in the 
group that presents with the disorder. 
Thus, intervention for recurrent episodes 
of otitis media can be studied only in 
children who are most likely to have this 
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condition; children 6 to 24 months of 
age: «eis 


3. Clinical-pharracology varies sig- 
nificantly in different age groups. Thus, 
the information-about the pharmacology 
of antimicrobial agents administered to 
the newborn infant is unique and cannot 
be extrapolated from the data of absorp- 
tion; excretion and toxicity in the adult. 
The safety of new antimicrobial agents 
is of particular concern in the neonate 
"since toxic effects may be unanticipated 
and some may not be detected until 
several years later, 


4, The consequences of not involving 
children in research is the denial of new 
and potentially valuable therapy be- 
cause of the absence of information 
(children as *therapeutic orphans") or 
use of drugs in children without infor- 
mation about appropriate dosage sched- 
ules and possible unique side effects or 
toxicities. 


The report of the NCPHS includes 
new and important guidelines that must 
now be considered by the investigator. 
The report notes that appropriate scien- 
tific studies shall have been conducted 
first on animals, then adult human be- 
ings before being conducted in chil- 
dren. Children who are seven years of 
age or older are considered capable of 
understanding the procedures and gen- 
eral purpose of research and of indicat- 
ing their wishes regarding participation. 
Their assent should be required in ad- 
dition to parental permission. The term 
"assent" is used rather than “consent” to 
distinguish a child's agreement from a 
legally-valid consent. 


Research Involving Pregnant Women 
and Fetus. Fetal research has been the 
subject. of considerable controversy in 
recent years. In 1974, Congress mandat- 
ed a moratorium on fetal research and 
prohibited the DHEW from conducting 
or supporting research on the living hu- 
man fetus, The Secretary of HEW lifted 
the moratorium with publication of the 
report.” The NCPHS of August 1975' 
declared that this form of research was 
of importance and had contributed 
significant health benefits. Current 
guidelines for fetal research are des- 
cribed in the report. 


Research Involving Prisoners. Prison- 
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ers represent a special group that has 
been used extensively in former years 
for controlled clinical trials particularly 
in evaluation of new drugs. Beecher 
notes that prisoners were used in ancient 
civilization for medical experimentation. 
"It was the practice in ancient Persia for 
the king to hand over condemned crim- 
inals for experimental purposes in 
science. Later the Ptolemies did the 
same in Egypt." in 1914, Goldberger 
and Wheeler of the USPHS conducted 
experiments on pellagra on convicts in 
Mississippi. During WWII prisoners in 
federal and state prisons were used in 
medical experiments involving malaria 
and the testing of drugs.'* 


Reconsideration of use of prisoners 
for controlled clinical trials has led to 
uncertainty about the ethics of such 
trials. Since the basis of the ethics of the 
trial is that the subjects be volunteers, 
most ethicists believe that this is possible 
only when consent or denial can be giv- 
en without loss of privileges. Reduction 
of sentence can amount to undue in- 
fluence.'? In 1976 the Bureau of Prison- 
ers declared a prohibition of research on 
federal prisoners. The major reasons for 
the halt to prison testing is the belief 
that true informed consent is impossible 
in the prison setting. 


SUMMARY AND CONCLUSIONS 


1. Today, ethics of the medical experi- 
ment is a necessary part of the design 
of all human experimentation. 


2. Peer review is provided by commit- 
tees on human studies in all institutions 
that receive federal support for research. 


3. Federal guidelines for research in 
specific areas are now available through 
the reports of the NCPHS. To date, re- 
ports have been published involving re- 
search in fetuses, pregnant women and 
in children. 


4. Protection of the subject in medical 
research is provided by appropriate 
scientific design, the integrity of the in- 
vestigator, and the dialogue of investi- 
gator and subject that provides valid in- 
formed consent. 


5. “The carefully designed controlled 
clinical trial is far more ethical than the 
uncontrolled experimentation with un- 
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proven products to which unsuspecting 
patients are so frequently exposed." 


6. Guidelines must change with time 
as technical innovations and legal de- 
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cisions about human research introduce - 
new ethical considerations. “Thus,: these’ 
rules must be constantly reviewed and 
revised to provide the most-áppropriate 
basis for medical research.* .. EU. 
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APPENDIX A 


Content of Consent Form 


The informed consent form" must contain, 
in terminology adequate and appropriate for 
the subject's comprehension, all of the follow- 
ing: 

l. A description of the purpose of the 
study and fair explanation of the procedures to 
be followed and their purposes, including an 
identification of those which are experimental. 


2. A description of potential discomforts 
and risks. 


3. A description of the potential benefits 
to the individual and to scientific knowledge. 
4. A disclosure of appropriate alternative 
procedures available to the subject. 
5. A realistic estimate of the chances of 
pe of the proposed procedure, if applica- 
e. 


6. The fact that the subject may be & côn- 
trol, if applicable. SEN 


7. An offer to answer to the subject's sat- 
isfaction any inquiries concerning the próce- 
dures. Ln: 


8. An instruction that the subject: is-free 
to choose not to participate in the study, or 
to withdraw consent and discontinue partici- 
pation at any time, without prejudice to the 
subject or risk of receiving less than the usual 
medical care. 


9. The availability of the investigator to 
answer questions throughout the study. 


10. A statement that the investigator will 
protect the identity of the subject, and that 
the subject's name or identity will not be re- 
vealed in publications or reports resulting from 
the study. 
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11. No exculpatory language, through which 
the sùbject is made to waive or appear to 
waive any of his legal rights or to release any 
institution or its agents from liability or neg- 
ligence.. . 


12. The following statement must be in- 
cluded when the study. involves use of inves- 
tigational. drugs, new. use of approved drugs, 


or controlled substances to comply with Mas- 
sachusetts General Laws, Chapter 94C, and 
must appear directly above the signature of 
the Subject: ^I have read and understand this 
statement of informed consent and the atten- 
dant risks described. I understand that I may 
terminate my consent at any time, and I vol- 
untarily consent to be a research subject in 
the described project." 


REPRINTS — Jerome O. Klein, MD, Laboratory for Infectious Diseases, Boston City Hos- 


pital, 818 Harrison. Ave., Boston, MA 02118. . 


SUMMARY OF DISCUSSION AND RECOMMENDATIONS MADE DURING 
THE WORKSHOP ON OTITIS MEDIA AND DEVELOPMENT; 


Rosert J. Rusen, MD 
Bronx, New YORK : ox d 
Davi G. Hanson, MD at te 


Los ANGELES, CALIFORNIA 


The discussion by the participants of 
this workshop on otitis media and de- 
velopment began from the null hypoth- 
esis that: “recurrent or chronic otitis 
media does not significantly affect the 
long term auditory function, speech, 
language, cognition and socialization of 
the developing child.” On the basis of 
the literature reviewed, the papers pre- 
sented, and discussion, the workshop 
participants unanimously rejected the 
above hypothesis. 


It is not possible to reproduce, in its 
entirety, the discussion which took place 
about the preceding papers. However, 
we will summarize the major points 
which were made in discussion by the 
workshop participants. 'This summarv at- 
tempts to represent the consensus of the 
workshop participants. 


Otitis Media. It is clear that the entity 
of otitis media must be more precisely 
defined to be meaningful in terms of 
possible sequelae. The discussors con- 
curred that any useful research on otitis 
media must identify and control, for the 
documented duration of the disease, the 
degree of middle ear involvement, by 
methods which are objective, controlled 
and quantified. It is apparent that there 
may be a significant and fluctuating 
range of severity in the effect that mid- 
dle ear disease may have on hearing. It 
is clear that correlation of the degree of 
hearing loss with particular physical 
findings of middle ear disease is not re- 
liably predictable. Thus, for research 
purposes, better techniques for quantify- 
ing hearing ability in infants and young 
children are required. Mr. Brooks has 





reviewed a large amount of literature 
on screening, pointing out the high in- 
cidence of hearing loss associated with 
middle ear disease. It is apparent that 
the degree of hearing loss cannot be ac- 
curately predicted from the appearance 
of the ear or from tympanograms. How- 
ever, it is clear that middle ear disease 
not only is remarkably common (an in- 
cidence of perhaps 20% in school aged 
populations) but it is likely to be associ- 
ated with conductive hearing loss (most 
often in the range of 15-40 dB). What 
constitutes a "significant" hearing loss is 
not known. Measurement by threshold 
in infants and young children, re a dB 
hearing loss based on normative adult 
data, is probably not appropriate. How- 
ever, at present we do not have norma- 
tive data for infants and young chil- 
dren. This reflects the difficulty in ob- 
taining reliable behavioral thresholds. in 
these groups of children. While we now . 
have some objective means of measur- 
ing hearing in infants, such as brain . 
stem evoked response audiometry, these: 
techniques are not at present practical 
for large scale studies. "The necessary 
data on normative hearing levels in 
young children is desirable not only for 
research purposes but also for important 
clinical needs as well. 


It is possible to quantify and accu: 
rately describe middle ear disease in 
terms of middle ear pressure and com- 
pliance of the conductive mechanism. 
As Dr. Bluestone has demonstrated, 


"visual description is less objective but 


can, in a research setting, be refined to 
a high degree of reliability. How these 
measures relate to hearing loss is not 


From the Department of Otorhinolaryngology, Albert Einstein College of Medicine, Yeshiva 


University, Bronx, New 


4 York, and the Division of Head and Neck Surgery (Otolaryngology), 
UCLA Medical School, Los Angeles, California. 
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well defined. ‘Animal models could per- 
«haps be useful in developing such data. 


Auditory Function. Available studies, 
which all have important flaws, suggest 
that children who have recurrent otitis 
media appear:to have problems with 
auditory processing skills, when com- 
pared to. their otologically normal peers. 
Drs.: Berlin and Dobie have presented 
some interesting. suggestions based on 

pilot studies: which indicate that the 
mild degree of hearing loss usually as- 
sociated with middle ear effusion may 
lead to inconsistent auditory perception 
of key boundary markers in die percep- 
tion of spoken language. Children who 
are not receiving consistent auditory in- 
put might be expected to show the kind 
of delays identified by Drs. Needleman 
and Menyuk. It seems probable that the 
kinds of auditory processing problems 
suggested and identified in children 
with chronic middle ear disease are 
more likely to be delays and not 
permanent. 


There is some evidence that large 
conductive hearing losses in animals, if 
present through development to matur- 
ity, are associated with permanent 
atrophy of ganglion cells in the primary 
and secondary auditory nuclei. Atrophy 
of similar areas may occur in humans 
with long-term severe sensorineural 
losses. However, there is to date no an- 
atomical evidence to suggest that rela- 
tively mild conductive losses, which 
may.be intermittent in nature, have any 
permanent effect on the structure of the 
~auditorv system. The effects, if any, 
are: likely to: be subtle and difficult to 
. demonstrate experimentally. The discus- 
sants identified potential for studies of 
appropriate patients with careful exam- 
ination of binaural interactions, masking 
level differences and other psychoacous- 
tic, as well as electrophvsiological, 
means of testing the function’ of the 
auditory: nuclei. The medial nucleus of 
the trapezoid body has been reported to 
show. atrophy -in animals with’ experi- 
mental conductive hearing losses. There 
are functions of this area, such as reflex 
decay, that could be examined in pa- 
tients which have documented long-term 
conductive hearing losses, 


While it is known that blind patients 
have striking changes on electroenceph- 
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alograms (EEG), no such changes 
have been described in the EEGs of 
profoundly deaf patients. Even though 
there may be gross anatomical changes 
of the cochlear nuclei in the brain stem 
of long-standing profoundly deaf pa- 
tients, it is possible that these anatomi- 
cal changes are not reflected in the EEG. 
Only further study with anatomical cor- 
relation will clarify this point. Conduc- 
tive hearing losses have not been well 
studied electrophvsiologically. Yet it is 
possible that if long-term conductive 
losses can result in anatomical changes 
in the brain stem, the electrophysiologic 
study of these patients might be able to 
enhance our knowledge of central audi- 
tory physiology. This is clearly specu- 
lative, but worth an evaluation. 


Long-term stable conductive hearing 
losses in adults are quite a different 
measurement problem than the situation 
in children with fluctuating or intermit- 
tent conductive losses. The inabilitv to 
obtain accurate reliable hearing levels in 
infants makes prospective studies diffi- 
cult to control. The workshop discussion 
did not resolve the measurement prob- 
lem in children, but rather reinforced a 
maior need for better hearing assessment 
techniques in young children. 


Linguistic and Cognitive Develop- 
ment. A similar problem exists in the 
state of the art of the clinical tools avail- 
able for evaluating the state of language 
development in the child. The chief ef- 
fect of hearing loss on cognitive devel- 
opment is most likely mediated through 
disturbance of the orderly acquisition 
and developmental use of language 
skills, although it is apparent that hear- 
ing loss can have a direct effect on cog- 
nitive development. For example, the 
concepts of loud vs soft, and near vs 
distant have important auditory com- 
ponents that could be affected by con- 
ductive losses. Similarly, many cues to 
important concepts in interpersonal re- 
lations are dependent on hearing; love, 
anger, impatience, sarcasm, etc. 


The clinician in a speech and lan- 
guage clinic can usuallv make a fairly 
good assessment of whether or not a 
child is functioning properly. However, 
we do not have the tools to assess with 
what aspects of language the child is 
having difficulty. There are probably 
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many children who do not receive ap- 
propriate therapy simply because the 
techniques available are not good 
enough to define what may be a prob- 
lem, and are even less likely to identify 
more subtle abnormalities and deficien- 
cies. There are techniques available for 
the identification of specific language 
defects, but they are research paradigms 
which must be standardized for each 
specific population evaluated. 


From the workshop discussion, it was 
clear that certain populations with a 
high incidence and prevalence of otitis 
media cannot be appropriately evaluat- 
ed by standardized available tests for 
the kinds of language problems these 
children may be expected to have. The 
use of evaluation parameters based on 
standardization to a middle class, Amer- 
ican, normative population do not have 
acceptable validity when applied to 
populations such as the Southwest In- 
dians, Eskimos, Australian aborigines, 
or probably any other identifiable ethnic 
subpopulation. 


Available research techniques which 
might be appropriately adapted for 
language assessment in these groups are 
usually not standardized and are not 
useful clinically. Their use would be es- 
sentially meaningless in the absence of 
a carefully matched control group. 
However, in a research setting the 
knowledgeable psycholinguist could de- 
sign and implement appropriate lan- 
guage assessment techniques for eval- 
uation of groups of children with otitis 
media, in most populations. 


It is important to have this kind of 
assessment technique available. Having 
looked at several populations of chil- 
dren with developmental abnormalities 
that are fairly subtle in nature, one of 
the questions to be addressed is, “What 
must be done if chronic otitis media is 
found to cause differences in language 
development in children?" Medical or 
surgical intervention may be required. 
Yet, there are other kinds of intervention 
that may be additionally appropriate. 
It is absolutely crucial that one first 
understands how these children are dif- 
ferent in terms of the way that they pro- 
cess language, so that meaningful lin- 
guistic intervention can be recommend- 


ed. 
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It is now possible to study language 
acquisition in very young: infants: Dr. 
Horowitz has identified 18 ‘published 
studies of speech discrimination in this 
age group which concern childrén un- 
der five months of age. There is ‘little, 
if any, published material dealing. with 
infants over five months old. In 1970 
there were two major studies. showing 
that infants as young as one month of 
age can discriminate both synthetic and 
natural speech sounds. We may be cóm- 
ing to the point where we ĉan begin.to ^ 
determine what infants can and cannot 
discriminate in natural language stimuli 
at very early ages. 


The techniques that have been used 
have usually- employed sucking para- 
digms. However, visual habituation 
techniques may hold more promise over 
a longer growth period. if these types 
of techniques were carried further, it 
may become possible to say what occurs 
in normal development and to establish a 
developmental base from which to assess 
receptive language acquisition in in- 
fants. In addition, cases of otitis media 
in which certain levels of hearing loss 
are known or predicted. could be stud- 
ied to determine more accurately the 
retarding effect, if any, on receptive 
language acquisition. 


There is some data cocerning the im- 
portance of interactions between mother 
and infant, The mother often engages in 
an extensive set of behaviors that facili- 
tate the infant's attention to language. 
For example, the ritual greeting that 
parents go through when approaching: 
an infant prior to the onset of language 
(head movements, mouth. opening, eye- 
brow raising) may become associated 
with listening to language and eventüal- 
ly with patterns, sequences, discrimina- 
tive features and meanings in language. 


An important issue may be the degree 
to which the environment in which lan- 
guage is being acquired comperisates for 
the decreased input that may come 
from .conductive hearing loss. A ‘con- 
stellation of events may. have. to occur 
before the effects of language retarda- 
tion are noticed. l 


The child with conductive hearing loss 
is able, to some degree, to manipulate 
his environment to compensate for some 






hearing; S; by saying “huh,” by turning 
up the television: volume, and by sitting 
up: front in“ School. Thus the more re- 
sourceful;-aggressive child might be ex- 
pected to have: fewer. difficulties. 
‘It has..beén’ noted clinically that ef- 
"fects of chronie otitis. media , with con- 
ductive Hering loss are far more pro- 
“neunced:in those youngsters who are at 
higher:risk for language ànd learning 
problémis, eg; children with compro- 
..3mised: mental abilities. This is important 
insthe design of any. research project on 
this topic. Care must.be taken that chil- 
dren not be included::who are already 
at high risk for comimunicative disor- 
ders, even without any auditory diffi- 
culties. The assessment of intelligence is 
difficult in the age group of interest and 
probably not predictive, as Dr. Horo- 
witz has pointed out in her review. 
However, controling for gross differ- 
ences from normal in the intelligence of 
research subjects is important in the de- 
sign of appropriate studies of children 
with otitis media. 


It appears that it would be possible 
to develop linguistic tests to examine 
specific markers in speech which may be 
predicted. to relate to acoustic and 
. neürologic.changes that may.be. present 

"in patients. with conductive hearing loss. 
This information is important.in terms 
of how. the nervous system functions. It 
would be desirable to. evaluate the 
child's ability to identify linguistic mark- 
ers when-they are imbedded in a sen- 
.tence as well as in isolated form. A 
...comparisott; of. sensorineural hearing 
"losses ‘and conductive hearing losses of 
the same dégree in regard to perception 
of the saié-rnarkers could prove use- 
ful; :*xY 4 


-: Seeideconomic Factors. There are two 
factors.that, should ‘be mentioned. The 
first i$ régarding socioeconomic status in 
relation to. both incidence and the cause 
of middle ‘ear’ disease. The second is in 
relation to measures of socialization in 
children who have had chronic ear dis- 
ease. Middle ear disease has been as- 
sociated with low socioeconomic circum- 
stance as has been reviewed by Dr. Ra- 
pin. Both poor linguistic ability in per- 
formance in school, on one hand, and 
middle ear disease; on the other, are 
manifestations of an underlying situa- 
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tion (ie, socioeconomic status). There- 
fore, to find an association between 
them would not be surprising. However, 
the relationship between socioeconomic 
factors and the incidence of otitis media 
is not clear from any study to date. 


One of the more carefully done stud- 
ies, by Needleman and Menyuk, did 
not show any effect of socioeconomic 
status, even though they fully expected 
to see an effect. When they examined 
aspects of language that should be sen- 
sitive to socioeconomic status because 
of possible differences in dialect, Dr. 
Menyuk was somewhat surprised to find 
no significant differences in the language 
of the children examined which could be 
ascribed to socioeconomic status alone. 


Of course socioeconomic status is not 
necessarily reflected in rearing practic- 
es. Even in middle class communities 
with abundant appropriate medical care 
facilities, parents may tend to ignore 
middle ear complaints. A recurring di- 
lemma is that chronic middle ear ef- 
fusion is often relatively asymptomatic. 
Thus, if the child is not regularly 
brought to the physician, middle 
ear effusion may not be identified or 
treated. This may or may not have any 
relationship to socioeconomic factors. 
The interplay of available medical care, 
parental perception of an ear problem, 
and bringing the child to a medical 
center are confounding variables that 
must be carefully considered in a study 
of chronic otitis media. Special popu- 
lations for study may make some of 
these variables less difficult to control 
but have particular assessment problems 
in the evaluation of language. 


The other question of interest is the 
effect of chronic otitis media on the 
general development of the child. The 
area in which pertinent observations 
have been made is in socialization 
measures. Some studies have noted that 
in addition to delays in school place- 
ment, children who have recurrent otitis 
media, as a group, appear to experience 
problems with peer relations and other 
observations of social interaction. 


The possible intervening links in a 
chain of effects that could lead from re- 
current otitis media to socialization dif- 
ficulties can be postulated, but have not 
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been examined systematically. Available . 


measures of general neurological de- 
velopment and social development of 
the child are relatively gross in relation 


to the rather subtle effects that could | 


have been postulated in chronic otitis 
media. 


SUMMARY 


While the literature is not definitively 
clear, the participants in this workshop, 
on the basis of literature reviewed, the 
presentations and discussion, reached 
the conclusion that temporary fluctuat- 
ing mild hearing loss in the developing 
child, most usually associated with re- 
current otitis media, may well have a 
significant effect on the child's develop- 
ment. The primary effect is probably on 
early acquisition of language skills. In- 
direct effects on cognition, social adjust- 
ment, school performance and academic 
achievement which are suggested by 
some studies could be related to delay 
in the normal maturation of language 
skills. How significant a delay and the 
degree to which that affects a child's 
development probably depends on the 
complex interaction of compensatory 
mechanisms which are associated with 
the complex phenomena of learning. 


It is apparent that the effects of tem- 
porary conductive hearing loss in the 
developing child are, at most, likely to 
be subtle. The contribution of recurrent 
illness, pain and discomfort to develop- 
mental pathology is unknown. Neverthe- 








age ac- 
quisition, particularly if. ultimately re- 
flected in delayed reading skills, -can 
contribute to a chain óf delays in the 
education process. of a child from which 
he or she may.never récoverwThe litera- 
ture. does: suggest that: children with. 
chronic middle ear disease: may bé de- 

layed in grade placement: and ‘have 
measurable. difficulties in. social adjust- 
ment. "EIE m SI dues, 


less, even subtle-efhects on Jan ii 
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Review of the Titératuse, reveals that... 
t 


‘nearly all of the studies in-this-area have 


significant defects. in design. Many of 
the factors which: must be considered in 
the design of similar-studies have been 
detailed in the presented papers of this 
workshop. More importantly, it is readily 
apparent that it will take a sophisticated 
team, made up of several disciplines, to 
adequately manage needed research. 
These disciplines include pediatrics, 
pediatric otology, developmental psy- 
cholinguistics, pediatric audiology and 
psychoacoustics. 


There are any number of research 
questions that can be asked, However, 
it seems clear on the basis ofevidence 
discussed. at this workshop that it is no 


longer.acceptable to simply dismiss, pos--.. 


sible long-term. effects of childhood con- 


ductive hearing loss. The: questions ~~... 


raised need to be examined. critically 
and carefully, and we may.be required: 
to reexamine some of our concepts about 
the treatment of conductive hearing’ 
losses in children. © o cicon: 


REPRINTS — Robert J. Ruben, MD, Prof. and Chairman of Otorhinoláryngology, Albert . a 
Einstein College of Medicine, 1300 Morris Park Avenue, Bronx, NY. 10461.. 0%) °° p rM 
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For relief of nasal 
and sinus congestion 
without drowsiness’ 


m contains no antihistamine, aspirin 
or acetaminophen 

m freer breathing and eustachian 
tube patency restored with 

a single, effective ingredient— 
pseudoephedrine HCl 

m convenient b.i.d. dosage helps 
encourage patient compliance 

m available with your prescription 
m also available: Sudafed" 60 mg 
tablets 


Sudafed S. A. 


Sustained Action Capsules 
(pseudoephedrine hydrochloride) 
INDICATIONS: Sudafed S.A. Capsules are indi- 


cated for the relief of nasal congestion or eustachian 
tube congestion. Sudafed S.A. Capsules may be given 
concurrently, when indicated, with analgesics, anti- 
histamines, expectorants and antibiotics. 


CONTRAINDICATIONS: Sympathomimetic 
amines are contraindicated in patients with severe 
hypertension, severe coronary artery disease, and in 
patients on MAO inhibitor therapy. Patient idiosyn- 
crasy to adrenergic agents may be manifested by 
insomnia, dizziness, weakness, tremor or arrhyth- 
mias. 

Children under 12: Sudafed S.A. Capsules should 
not be used in children less than 12 years of age. 

Nursing mothers: Pseudoephedrine is contraindi- 
cated in nursing mothers because of the higher than 
usual risk for infants from sympathomimetic amines. 

Hypersensitivity: This drug is contraindicated in 
patients with hypersensitivity or idiosyncrasy to sym- 
pathomimetic amines. 
WARNINGS: Sympathomimetic amines should be 
used judiciously and sparingly in patients with 
hypertension, diabetes mellitus, ischemic heart dis- 
ease, increased intraocular pressure, hyperthyroid- 
ism, and prostatic hypertrophy. Sympathomimetics 
may produce central nervous stimulation with con- 
vulsions or cardiovascular collapse with accompany- 
ing hypotension. 

Do not exceed recommended dosage. 

Use in Pregnancy: The safety of pseudoephedrine 
for use during pregnancy has not been established. 

Use in Elderly: The elderly (60 years and over) are 
more likely to have adverse reactions to sympathomi- 
metics. Overdosage of sympathomimetics in this a 

up may cause hallucinations, convulsions, CNS 

lepression, and death. Therefore, safe use of a 

short-acting sympathomimetic should be demon- 
strated in the individual elderly patient before con- 
sidering the use of a sustained-action formulation. 


PRECAUTIONS: Pseudoephedrine should be 
used with caution in patients with diabetes, hyper- 
tension, cardiovascular disease and hyper-reactivity 
to ephedrine. 


ADVERSE REACTIONS: Hyper-reactive indi- 
viduals may display ephedrine-like reactions such as 
tachycardia, palpitations, headache, dizziness or nau- 
sea. Sympathomimetic drugs have been associated 
with certain untoward reactions including fear, anxi- 
ety, tenseness, restlessness, tremor, weakness, pallor, 
respiratory difficulty, dysuria, insomnia, hallucina- 
tions, convulsions, CNS depression, arrhythmias, 
and cardiovascular collapse with hypotension. 


DRUG INTERACTIONS: MAO inhibitors and 
beta adrenergic blockers increase the effects of pseu- 
doephedrine (sympathomimetics). 

Sympathomimetics may reduce the antihyperten- 
sive effects of methyldopa, mecamylamine, reserpine 
and veratrum alkaloids. 


DOSAGE AND ADMINISTRATION: One cap- 
sule every 12 hours. Do not give to children under 12 
years of age. 


HOW SUPPLIED: Sudafed S.A. is available in 
capsules of 120 mg (clear red top and clear body) with 
Wellcome code H9B, bottle of 100. 

Sudafed is also available in forms other than 
sustained action: tablets of 30 mg sugar-coated (red), 
box of 24, bottles of 100 and 1000; tablets of 60 mg 
scored (white) with Wellcome I.D. code imprint S7A, 
bottles of 100 and 1000; syrup 30 mg per 5 cc, bottles 
of 4 fl. oz. and | pt. 

Unit of Use: Tablets of 60 mg— Bottle of 100 with 
child-resistant cap. 


*Virtually without pressor effect in normotensive 
patients. Use with caution in hypertensives. 





» Burroughs Wellcome Co. 
Research Triangle Park 
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I hne new, thin, 

flexible ENT endoscope 
with distal deflection 
from Machida... 
Nasopharyngo— 
Laryngoscope 

Model ENT-US-25 


The small diameter, flexibility and tip deflection of this scope 

allow for easy, safe and painless endoscopic examination 

anywhere in the upper airway, including the fossa of Rosenmueller 
and sphenoid sinus orifices. 


The insertion tube is only 3.9mm in diameter and is 25cm in length. 
The weight of the control unit is a mere 6 oz. Superior optics 
and a 70° field of vision offer a precise, optically-excellent image. 





Write or call for a demonstration: 


MACHIDA AMERICA,INC. | 
| 65 OAK STREET, NORWOOD, NJ 07648 
L (201) 767-7350 








Service is a top concern... 


IOGRAPHY: Silberman, H.D., Wilf, H., Tucker, J.A.: Flexible Fiberoptic Nasopharyngo- 
|vescoe Ann Otol Laryngol 85:640.1976. 


XOMED'S 


JUHN TYM-TAP 


Sterile disposable middle ear fluid 


aspirator/collector 

















XO-8030 





Continuing innovation at Xomed now brings a new and practical method of collecting 
samples of middle ear effusions for laboratory analysis. The easy to use TYM-IAP adapts to any 
suction line and provides for a closed-system" collection of non-contaminated fluid samples. 
The sample vial is then detached and capped for safe and easy transport to the lab. Special 
design features include: 


€ Tubing angle which is fully adjustable: I 
— allows for optimal visibility . A 
— allows easy access to middle ear VU 
@ Pre-sterilized & disposable to eliminate 
contamination 
€ Unit cost less than a ventilation tube ao 


Designed by S. K. Juhn, M.D., Minneapolis, Minn. 
Patent applied for Q qe 
gt 


For additional information, the name of your local Territorial 2 x 
Sales Manager and/or nearest dealer, call (800) 874-5797 (in 4C 
Florida call (904) 737-7900 collect); TWX (810) 827-6439; or 

write Xomed Inc., 8641 Baypine Road, Jacksonville, Florida eX 

32216. 
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/estibulometry 
Instruments 


THE MOST COMPREHENSIVE SELECTION AVAILABLE 


Instruments not shown above include: 
* Single-channel electronystagmograph 
* Projecting optokinetic and sinusoidal-tracking stimulator 
* Light-bar calibrator and gaze tester 
* Torsion-swing chair 


BACKED BY SERVICE 


Nationwide service center network supported by complete 
factory service department 


SPECIALLY TRAINED FIELD- 
SERVICE PERSONNEL 
Install all laboratories and 
familiarize the tester with bue 
NYSTAGMUS VELOCITY instrument operation p 
COMPUTER 
Replaces tedious, hand-calculations 
with a single button-push 

















DUAL-CHANNEL 
ELECTRONYSTAGMOGRAPH 
Plug-in, modular components 
Engineered to produce clean, 
artifact-free records 


INSTRUMENT CART (optional) 
Incorporates all instruments into 
a single, compact, portable unit 


WATER CALORIC IRRIGATOR 
Unsurpassed accuracy. Exceptionally 
easy to clean and refill 


AIR CALORIC IRRIGATOR 
Provides warm or cold stimuli. No 
internally circulating fluids 


Life-Tech 
Instruments, Inc. 


X 36221 - HOUSTON TEXAS 77036 + 1713) 783 6 


DRUCK-LEVINE NN 
ANTRAL RETRACTOR 


N-4892 


e Articulating limbs apply constant tension to 
minimize slippage 


e Articulation allows wide exposure, easy access 
to antrum 


e Each limb adjustable to different planes 
e Upper prongs fit under periosteum of flap 
e Universally pivoting cheek blade 


e Self-retaining for steadiness in microsurgery 


For more information, see your Storz representative or 
contact Storz Instrument Co. Dept. A. 


T 


—J1 Designed by 
INSTRUMENT COMPANY Norman Druck, ME 


3365 Tree Court Ind. Blvd., St. Louis, MO 63122 and 
Call toli free 800-325-9500. In Missouri, call collect: (314) 225-5051. Laurence Levine, M 


St. Louis, Mo. 


































































































IN 
SCHOOL 
SCREENING 





School screening demands the 
utmost in reliability. Teledyne's 
TA-3D is an accurate, durable, 
and steady portable instrument. 
Test procedures are easily set 
up and may be modified to 
satisfy special cases or future 
requirements. Testing 
capabilities include 
Tympanometry, Contralateral 
Reflex, Ipsilateral Reflex, and 
Screening Audiometry. 


FEATURES: 
* Direct compliance readout 
in cc 
* Contralateral: 8 frequencies, 


High Pass, Low Pass, Wide 
Band Noise 


* Ipsilateral: 2 frequencies 


TA-3P: 


* Accessory recorder for TA-3D 


For details, ask for School 
Screening and Pediatrics booklets 
along with specifications. 


© TELEDYNE 
AVIONICS 


PO Box 6400 
Charlottesville. VA. 22906 


FONAVNIA 0044 





NOVAFED* Capsules 


pseudoephedrine hydrochloride 
Controlled-Release Decongestant 


DESCRIPTION: Each capsule contains 120 mg. 
of pseudoephedrine hydrochloride in specially 
formulated pellets designed to provide contin- 
uous therapeutic effect for 12 hours. About one 
half of the active ingredient is released soon 
after administration and the rest slowly over 
the remaining time period. 
ACTIONS: Pseudoephedrine is an orally effec- 
tive nasal decongestant with peripheral effects 
similar to epinephrine and central effects simi- 
lar to, but less intense than, amphetamines. It 
has the potential for excitatory side effects. At 
the recommended oral dosage, it has little or 
no pressor effect in normotensive adults. Pa- 
tients have not been reported to experience 
the rebound congestion sometimes experi- 
enced with frequent, repeated use of topical 
decongestants. 
INDICATIONS: Relief of nasal congestion or 
eustachian tube congestion. May be given 
concomitantly with analgesics, antihistamines, 
expectorants and antibiotics. 
CONTRAINDICATIONS: Patients with severe 
hypertension, severe coronary artery disease, 
and patients on MAO inhibitor therapy. Also 
contraindicated in patients with hypersensitiv- 
ity or idiosyncrasy to sympathomimetic amines 
which may be manifested by insomnia, dizzi- 
ness, weakness, tremor or arrhythmias. 

Children under 12: Should not be used by 

children under 12 years. 

Nursing Mothers: Contraindicated because 

of the higher than usual risk for infants from 

sympathomimetic amines. 
WARNINGS: Use judiciously and sparingly in 
patients with hypertension, diabetes mellitus, 
ischemic heart disease, increased intraocular 
pressure, hyperthyroidism or prostatic hyper- 
trophy. See, however, Contraindications. Sym- 
pathomimetics may produce central nervous 
stimulation with convulsions or cardiovascular 
collapse with accompanying hypotension. 

Do not exceed recommended dosage. 

Use in Pregnancy: Safety in pregnancy has not 
been established. 
Use in Elderly: The elderly (60 years and older) 
are more likely to have adverse reactions to 
sympathomimetics. Overdosage of sympatho- 
mimetics in this age group may cause halluci- 
nations, convulsions, CNS depression, and 
death. Safe use of a short-acting sympatho- 
mimetic should be demonstrated in the indi- 
vidual elderly patient before considering the 
use of a sustained-action formulation. 


PRECAUTIONS: Patients with diabetes, hyper- 
tension, cardiovascular disease and hyper-re- 
activity to ephedrine. 

ADVERSE REACTIONS: Hyper-reactive indi- 
viduals may display ephedrine-like reactions 
such as tachycardia, palpitations, headache, 
dizziness or nausea. Sympathomimetics have 
been associated with certain untoward reac- 
tions including fear, anxiety, tenseness, rest- 
lessness, tremor, weakness, pallor, respiratory 
difficulty, dysuria, insomnia, hallucinations, 
convulsions, CNS depression, arrhythmias, and 
cardiovascular collapse with hypotension. 
DRUG INTERACTIONS: MAO inhibitors and 
beta adrenergic blockers increase the effects 
of pseudoephedrine. Sympathomimetics may 
reduce the antihypertensive effects of methyl- 
dopa, mecamylamine, reserpine and veratrum 
alkaloids. 

DOSAGE AND ADMINISTRATION: One cap- 
sule every 12 hours. Do not give to children 
under 12 years of age. 

CAUTION: Federal law prohibits dispensing 
without prescription. 

HOW SUPPLIED: Brown and orange colored 
hard gelatin capsules, monogrammed with the 
Dow diamond followed by the number 104. Bot- 
tle of 100 capsules (NDC 0183-0104-02). 


DOW PHARMACEUTICALS 
<> The Dow Chemical Company 
Indiananolic IN ARARA 
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When a cold strikes 

. 238,857 miles from 
home,a decongestant 

cant afford to fail. 


Taken for relief of nasal congestion during five Apollo missions. 


ACTIFED* Tablets and Syrup 


INDICATIONS: Based on a review of this drug by the National 
Academy of Sciences — National Research Council and/or 
other information, FDA has classified the indications as fol- 
lows: 

"Probably" effective: For the symptomatic treatment of sea- 
sonal and perennial allergic rhinitis and vasomotor rhinitis. 

*"Lacking substantial evidence of effectiveness as a fixed 
combination": For the prophylaxis and treatment of the 
symptoms associated with the common cold. 

Final classification of the less than effective indications re- 
quires further investigation. 














CONTRAINDICATIONS: Contraindicated in newborn or 
premature infants; in nursing mothers; for the treatment of lower 
respiratory symptoms including asthma; in patients hypersensitive 
to: 1) triprolidine hydrochloride and other antihistamines of similar 
chemical structure; and/or 2) sympathomimetic amines including 
pseudoephedrine; in patients on monoamine oxidase inhibitor 
therapy (see Drug Interactions Section). 


WARNINGS: Use with considerable caution in patients with: 
increased intraocular pressure (narrow angle glaucoma), 
stenosing peptic ulcer, pyloroduodenal obstruction, symptomatic 
prostatic hypertrophy, bladder neck obstruction, hypertension, 
diabetes mellitus, ischemic heart disease, hyperthyroidism. 


Sympathomimetics may produce central nervous stimulation 
with convulsion or cardiovascular collapse with accompanying 
hypotension. 

Use in Children: As in adults, the combination of an antihistamine 
and sympathomimetic amine can elicit either mild stimulation or 
mild sedation in children. In the young child, mild stimulation is 
the response most frequently seen. In infants and children, 
especially, antihistamine in overdosage may cause hallucination, 
convulsion or death. Large doses of pseudoephedrine are known 
to cause asthenia, lightheadedness, nausea and/or vomiting. 
Use in Pregnancy: Experience with this drug is inadequate to 
determine whether there exists a potential for harm to the 
developing fetus. 

Use with CNS Depressants: Triprolidine has additive effects with 
alcohol and other CNS depressants (hypnotics, sedatives, 
tranquilizers, etc.) 

Use in Activities Requiring Mental Alertness: Patients should be 
warned about engaging in activities requiring mental alertness as 
driving a car or operating appliances, machinery, etc. 

Use in the Elderly (Approximately 60 years or older): Anti- 


histamines are more likely to cause dizziness, sedation and hypoten- 


sion in elderly patients. Overdosages of sympathomimetics in this 
age group may cause hallucinations, convulsions, CNS 
depression, and death. 

PRECAUTIONS: Use with caution in patients with: history of 
bronchial asthma, increased intraocular pressure, hyper- 
thyroidism, cardiovascular disease, hypertension. 


DRUG INTERACTIONS: MAO inhibitors prolong and intensify the 
anticholinergic (drying) effects of antihistamines and overall 
effects of sympathomimetics. Sympathomimetics may reduce the 
antihypertension effects of methyldopa, decamylamine, reserpine, 
and veratrum alkaloids. 


ADVERSE REACTIONS: The most frequent adverse reactions are 
underlined: 

1. General: Urticaria, drug rash, anaphylactic shock, photo- 
sensitivity, excessive perspiration, chills, dryness of mouth, nose 
and throat. 

2. Cardiovascular System: Hypotension, headache, palpitations, 
tachycardia, extrasystoles. 

3. Haematologic System: Hemolytic anemia, thrombocytopenia, 
agranulocytosis. 

4. Nervous System: Sedation, sleepiness, dizziness, disturbed 
coordination, fatigue, confusion, restlessness, excitation, 





nervousness, tremor, irritability, insomnia, euphoria, paresthesias, 
blurred vision, diplopia, vertigo, tinnitus, acute labyrinthitis, 
hysteria, neuritis, convulsions, CNS depression, hallucination. 
5. G.l. System: Epigastric distress, anorexia, nausea, vomiting, 
diarrhea, constipation. 

6. G.U. System: Urinary frequency, difficult urination, urinary 
retention, early menses. 

7. Respiratory System: Thickening of bronchial secretions, 
tightness of chest and wheezing, nasal stuffiness. 
OVERDOSAGE: Overdosage reactions may vary from central 
nervous system depression to stimulation. Stimulation is 
particularly likely in children. Atropine-like signs and symptoms: 
dry mouth; fixed, dilated pupils; flushing; and gastrointestinal 
symptoms may also occur. 


If vomiting has not occurred spontaneously the patient should be 
induced to vomit. Precautions against aspiration must be taken, 
especially in infants and children. If vomiting is unsuccessful 
gastric lavage is indicated within 3 hours after ingestion and even 
later if large amounts of milk or cream were given beforehand. 
Isotonic and 1/2 isotonic saline is the lavage solution of choice. 
Saline cathartics, as milk of magnesia, draw water by osmosis into 
the bowel and therefore, are valuable for their action in rapid 
dilution of bowel content. Stimulants should not be used. 
Vasopressors may be used to treat hypotension. 

DOSAGE AND ADMINISTRATION: Dosage should be individ- 
ualized according to the needs and the response of the patient. 


Usual Dose: 















Syrup 
teaspoonfuls (5 cc) 





Adults and children | 
12 years and older 


Children 6 to 
12 years 
Children 4 to 
6 years 
Children 2 to 
4 years 


Children 4 months | 

















to 2 years 











HOW SUPPLIED: 

Actifed® Tablets — Bottles of 100 and 1000; unit dose pack of 100. 
Actifed® Syrup — Bottles of 1 pint and 1 gallon. 

Unit of Use: 

Tablets — Bottles of 30 and 100 with child-resistant cap. 

Syrup — 4 oz bottle with child-resistant cap. 


Reference: 1. Johnston RS, Dietlein LF, Berry CA (eds): 
Biomedical Results of Apollo. Washington, DC, National 
Aeronautics and Space Administration, 1975, p 63. 


CTIFED 


Each scored tablet contains ACTIDIL® (triprolidine HCI) 2.5 mg, 
SUDAFED® (pseudoephedrine HCI) 60 mg. Each 5 cc teaspoonful 
of syrup contains ACTIDIL” 1.25 mg and SUDAFED® 30 mg. 


Tablets/Syrup 


You can count on it. 


NICOLET 
-1000... . 


for evoked response measurements in situations where the use of 
conventional behavioral audiometry is not practical. 





Evoked response measurement protocols are especially useful for patients who are unable to accurately 
describe their sensory experiences because they are infants, retarded, comatose, suffer neurological disor- 
ders or are normal, but anxious. 

Auditory evoked response measurements involve the use of click or tone burst stimuli (at various intensities, 
rates, durations and frequencies) which are used to noninvasively record electrical activity along the auditory 
pathway. 


Some typical applications include: 


m Brainstem auditory evoked responses using click stimuli for hearing evaluations, to 
determine conductive versus sensorineural hearing loss and to localize acoustic tu- 
mors, demyelinating disorders and vascular lesions. 


m Middle or late latency components measurements using tone burst stimuli to check 
specific cortical responses over a wide range of frequencies. 


m Electrocochleography using click or tone burst stimuli to evaluate conductive hearing 
loss. 


The result of an auditory evoked response measurement is a precise waveform where the elements of interest 
are the amplitude, latency and morphology under known stimulus conditions giving the clinician a valuable 
tool for diagnosing hearing problems. 

The CA-1000 is a complete portable system including stimulus generators, acoustically shielded headphones, 
recording electrodes, preamplifier, signal averaging computer with built-in oscilloscope display including ac- 
curate numerical readout of latency and amplitude, recorder for permanent records and a convenient equip- 
ment cart. 


NICOLET 


For complete details on the CA-1000 system or to arrange a INSTRUMENT 


a demonstration please phone or write Nicolet. CORPORATION 
5225 Verona Road 
Madison, Wisconsin 53711 
Telephone: 608/271-3333 
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HILGER 
FACIAL NERVE 
STIMULATOR 


the original, accepted 
instrument for nerve excitability 
testing in the evaluation and 
prognosis of facial nerve 


disorders 


IMULATOR 


HILGER FACIAL NERVE ST 


MODELS 2 AND 2R 


Recognized for its precision and reliability, 
the HILGER FACIAL NERVE STIMULATOR 
is the original instrument designed for clinical 
evaluation of the facial nerve, clinical 
testing of muscle tissue viability and for nerve 
identification and testing during surgery. 


The instrument features unique circuitry 
specially engineered to facilitate very accurate 
current measurements with readings 
statistically valid through the range of 0.3 to 
10.0 milliamperes used for clinical testing. 


Model 2 is furnished with a replaceable battery, 
Model 2R with a rechargeable battery. 
Both models are equipped with a battery test 
meter and are supplied with a bipolar probe 
for clinical testing and a pencil-sized 
probe for surgical use. The transistorized units 
are compact and lightweight for use in 
office or operating room. 


Detailed information is available from — 


WR MEDICAL 


ELECTRONICS CO. 


1995R WEST COUNTY ROAD B-2 
ST. PAUL, MINNESOTA 55113 
Also from WR— 
JAKO FACIAL NERVE MONITOR 
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EFFECT OF TRANSVERSE TEMPORAL BONE FRACTURE ON THE 
FLUID COMPARTMENT OF THE INNER EAR 


Svp S. Rizvi, MD | a 


4 
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Boston, MASSACHUSETTS 
Kevin P. Gæs, FRCS 


NOTTINGHAM, ENGLAND 


Five temporal bones exhibiting transverse fractures were studied with a view to determin- 
ing whether such fractures could lead to symptomatic endolymphatic hydrops. Four oüt of the 
five temporal bones showed the fracture line traversing the vestibular aqueduct. Two of these 
four showed complete obstruction of the endolymphatic duct. One of these had an intact mem- 
branous labyrinth and severe endolymphatic Nay e The other had rüpturés of the membran- 

p 


ous labyrinth and no hydrops. Three ears exhibite 


artial preservation of auditory and vestib- 


ular hair cells and neurons. These findings are consistent with the concept that a transverse 
fracture may produce Vie d Rapt taime by obstructing the vestibular aqueduct while pre- 
theli 


serving enough audiovestibular epi 
disease. 


Pulec? has described a 16-year-old 
male who sustained a basilar skull frac- 
ture without hearing loss. The fracture 
traversed the vestibular aqueduct (VA) 
on radiography. Six weeks later he de- 
veloped the typical low tone fluctuating 
hearing loss on that side together with 
tinnitus and vertigo. Clarke and Rees* 
have reported the case of a 22-year-old 
female who developed a fluctuating low 
tone sensorineural hearing loss with tin- 
nitus and fullness in the ear, and a posi- 
tive glycerine test five months after sus- 
taining a basilar skull fracture. 


We have studied five temporal bones 
exhibiting transverse fractures with a 
view to determining whether such frac- 
tures may leave behind residual audi- 
tory and vestibular function, and whe- 
ther or not they may cause pathological 
obstruction of the VA with possible con- 
currence of endolymphatic hydrops. If 
there is such a relationship, this would 
also tend to support the concept that 
the endolymphatic sac is a major site of 
resorption for endolymph. 


METHODS AND MATERIALS 


Five temporal bones showing transverse 
fracture were obtained for examination. The 
time interval between the fractures and death 
varied from 2 to 50 years (Table 1). 


The specimens were decalcified, embedded 
in celloidin, and sections cut in a horizontal 
plane at a thickness of 204. Every tenth sec- 





um and neurons to present as symptomatic Meniére's 


tion was stained with hematoxylin and eosin 
for examination by light microscopy. 


RESULTS 
CASE l 


The patient was 50 years of age with 
a history of a left temporal bone (TB) 
fracture at age 17 and profound hearing 
loss on that side. 


Histopathology. The left ear shows a 
fracture through the vestibule to the in- 
ternal auditory canal (IAC) and the 
sinus of the VA (Fig. 1). 


The utricular and saccular maculae 
have degenerated and so have the cris- 
tae of the semicircular canals and the 
vestibular nerves, Only fragments of the 
organ of Corti remain with lysing cells 
displaced into the endolymph. The coch- 
lear neurons are absent. The stria vas- 
cularis shows sevére degeneration in all 
the turns of the cochlea. 


The endolymphatic duct is completely 
obstructed in the sinus region where it is 
traversed by the fracture (Fig. 1). The 
saccule is dilated and contains.:blood. 
There is severe cochlear hydrops with 
rupture and collapse of the Reissner 
membrane in the apical turn. 


CASE 2 


The patient was 21 years of age and 
had a history of a left transverse TB 


From the Department of Otolaryngology, Harvard Medical School and the Massachusetts 
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Fig. 1, (Case 1) A) Complete obstruc- 
tion of the vestibular aqueduct at the si- 
nus. B) Shaded area represents fracture 
line in a sketched outline of the labyrinth. 
V - Vestibule; VA - Vestibular aqueduct; 
IAC - Internal auditory canal. 


TEMPORAL BONE FRACTURE 
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fracture with profound hearing loss on 
that side 4% months prior to death. 


Histopathology. The left ear shows a 
transverse fracture through the vestibule 
traversing the superior and horizontal 
semicircular canals, facial canal, utricle, 
cochlear duct near the round window 
saccule, crus commune, posterior canal 
crista, and VA (Fig. 2). 


The saccule and utricle are ruptured. 





Fig. 2. (Case 2) A) Narrowing of the 
vestibular aqueduct and endolymphatic 
duct by osteogenesis at site of healing. 
B) Shaded areas represent fracture line 
in a sketched outline of the labyrinth. 
VA - Vestibular aqueduct; LAC: - Internal 
auditory canal; V - Vestibule; ME - Mid- 
dle ear. i 


The utricular macula and cristae have 
degenerated. The -saccular macula 


shows a few surviving sensory cells. 


The endolymphatie .duct is narrowed 
and obstructed by osteogenesis at the 
fracture site in the region of the pars 
rugosa. There is degeneration of the 
epithelium lining the endolymphatic sac 
distal to the fracture line. There is no 
cochlear hydrops. The ampullae of the 
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TABLE 1, COMPARING SIGNIFICANT PATHOLOGY IN EACH TEMPORAL BONE. 














A 

( bas Cochlear Vestibular 

When Degeneration Degeneration S. V. 
Case .In- At Tears in Degen- 
No. ` jured Death. VA  Hydrops M. L. HC Neur. HC Neur. eration 
1d 17 50 Bl Severe Absent >95% >95% >95% >95% Sev 
2 21, 21 Bl Absent Present 30-40% 30-40% 90% >95% Mod 
3 9-°59 P Absent Present >95% >95% 90% 90% Mod 
4. 25 48 P Absent Present 30-40% 40-50% 60-70% 60-70% Mod 
5. You 79." P Absent Absent 30-40% 60-70% 80% 80% Mild 


“HC - Hair cells; Neur. - Neurons; VA - Vestibular aqueducts ; ML - Membranous labyrinth ; 
S.V. - Stria vascularis; Bl - Blocked; P - Patent; Sev - Severe; Mod - Moderate. 


postérior and lateral semicircular canals 
are distorted by the fracture. The am- 
pulla of the superior semicircular canal 
shows an area of atrophic epithelium ad- 
jacent to the crista. 


The organ of Corti shows marked de- 
generation in the basal turn whereas 
some hair cell nuclei can be recognized 
in the other turns. The stria vascularis is 
markedly atrophied in the basal turn 
corresponding with the fracture. There 
is a good population of ganglion cells. 


CASE 3 


The patient was 59 years of age with 
a history of a left transverse TB frac- 
ture at 9 years of age and profound 
hearing loss in that ear (Fig. 3). 


Histopathology. A transverse fracture 
traverses the ampulla of the superior ca- 
nal, footplate ol the stapes, vestibule, 
VA, and jugular bulb in the left ear 
(Fig. 4). 


Thé. endolymphatic duct is intact. 
There is no cochlear hydrops. The 
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Fig. 3. (Case 3) Audiogram showing 
complete loss of hearing, left ear. 


utricle and saccule are distended, dis- 
torted, and ruptured. The posterior ca- 
nal ampulla is also distorted by the frac- 
ture. The ampullae of the superior and 
lateral semicircular canals are normal. 


The vestibular sense organs show 
patchy loss of hair cells, and the super- 
ior vestibular nerve has degenerated. 
The organ of Corti shows degeneration 
in all the turns. The spiral ganglion cells 
are sparse. There is severe atrophy of the 
stria vascularis adjacent to the otoscler- 
otic focus in all the turns. 


CASE 4 


The patient was 48 years of age with 
a history of right transverse TB fracture 
at age 25 with profound hearing loss on 
that side. 


Histopathology. The fracture extends 
from the ampullae of the superior and 
lateral semicircular canals through the 
stapes across the promontory and the 
round window to the posterior canal am- 
pulla and VA on the right side (Fig. 5). 
The endolymphatic duct shows degener- 
ation of the epithelium lining the sac at 
the site of the fracture across the VA. 
The utricle and saccule are ruptured 
and collapsed. There is distortion and 
collapse of the ampullary walls of 
the semicircular canals. There is no 
cochlear hydrops though there is an 
area of distention and loculation in 
the hook region of the cochlea. The lo- 
culation appears to result from a proxi- 
mal fibrous obstruction. The Reissner 
membrane is ruptured and collapsed 
in the basal and apical turns. Neither of 
these two ruptures is related to the 
fracture line. In the middle turn the 
Reissner membrane is collapsed, but no 
ruptures are present. 
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Fig. 4. (Case 3) A) Note intact endo- 
lymphatic duct; distended,, distorted, and 
ruptured utricle (arrows); apd absence 
of cochlear hydrops. B) Magnified: view 
of the vestibular aqueduct. Endolymphat- 
ic duct is intact. C) Shaded areas repre- 
sent fracture line in a sketclied outline of 
the labyrinth. VA - Vestibular aqueduct; 
ed - Internal auditory canal; V - Ves- 
tibule. 
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The dütricular macula is preserved 
though in a state of autolysis. The sac- 
cular: macula has partly degenerated. 
The cristae have degenerated, although 
there is also some autolysis. The super- 
ior and inferior vestibular nerves show 
moderate degeneration. The organ of 
Corti is severely atrophied in the basal 
tum. There is a good population of 
ganglion cells. 


CASE 5 


The patient was 79 years of age with 
a history of right transverse TB fracture 





Fig. 5. (Case 4) A) Magnified view 
of the vestibular aqueduct. B) Shaded 
areas represent fracture line in a sketched 
outline of the labyrinth. V - Vestibule; 
VA - Vestibular aqueduct; IAC - Internal 
auditory canal. 


as a young adult. During this last ad- 
mission he was noted to be “hard of 
hearing,” and admitted to a progressive, 
bilateral hearing loss over 15 years. 


Histopathology. The fracture traverses 
the right labyrinth between the vestibule 
and the cochlea entering the IAC and 
the basal turn of the cochlea. There is 
no extension of the fracture line to the 
VA (Fig. 6). 


The endolymphatic duct is patent, 
and the VA is untouched by the fracture. 


x 


TEMPORAL BONE FRACTURE 








There is no cochlear hydrops and the 
utricle and saccule are normal. 


The saccular macula and the inferior 
vestibular nerve have degenerated. The 
utricular macula and cristae show auto- 
lysis, but the sensory epithelium is recog- 
nizable and preserved. The organ of 
Corti shows degeneration in the basal 
4-5 mm region. There is approximately 
60-70% reduction of the spiral ganglion 
cells. The stria vascularis is normal for 
the patient’s age. 


DISCUSSION 


In four of the five temporal bones 
there was a fracture through the VA, 
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Fig. 6. (Case 5) A) Fracture line pass- 
ing between the cochlea and: the vesti- 
bule. B) Shaded area represents fracture 
line in a sketched outline of the labyrinth. 
V - Vestibule; VA - Vestibular aqueduct; 
IAC - Internal auditory canal. 


and in two of these specimens:the sub- 
sequent reparative process has caused 
complete obstruction of the ‘endolym- 
phatic duct. In one of the two cases with 
the VA obstruction there was severe en- 
dolymphatic hydrops, and the membran- 
ous labyrinth was intact. In the second 
case with the obstructed VA there were 
multiple, unhealed tears in the mem- 
branous labyrinth. The continuous leak- 
age of endolymph into the perilymph 
may have prevented the development of 
endolymphatic hydrops.’ All this is con- 
sistent with the concept that the endo- 
lymphatic wc probably plays a resorp- 
tive role in the circulation of the en- 
dolymph.*-? 
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The two remaining temporal bones 
with fractures across the VA but patent 
endolymphatic ducts show degeneration 
of the epithelium of the endolymphatic 
sac around and distal to the site of in- 
jury. The pars rugosa of the endolym- 
phatic sac is known to carry specialized 
epithelium for resorption,^ and it is 

-conceivable that given the time loss of 

resorptive function of the specialized 
cells could result in endolymphatic hy- 
drops. 


The temporal bones of three subjects 
show. preservation of a percentage of 
the audiovestibular hair cells and neu- 
rons in spite of the transverse fractures 
(Table 1). Judging from the histopa- 
thology, these cases probably retained 
some audiovestibular function although 
no test data is available. Incomplete loss 
of auditory and vestibular function after 
transverse temporal bone fractures have 
been reported.!-* Tt would appear then 
that a transverse fracture may cause ob- 
struction of the VA leading to endolym- 
phatic hydrops, and furthermore that 
this can occur without total ablation of 
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auditory and vestibular function. These 
observations would explain the symptom 
complex of endolymphatic hydrops fol- 
lowing transverse temporal bone frac- 
tures as described by Pulec! and Clarke 
and Reese.? 


CONCLUSIONS 


In this series, four out of five temporal 
bone fractures were found to traverse 
the VA. Two of four cases showed com- 
plete obstruction to the endolymphatic 
duct. One of these had an intact mem- 
branous labyrinth and severe endolym- 
phatic hydrops. The other had ruptures 
of the membranous labyrinth and no hy- 
drops. Two ears exhibited a partial 
preservation of auditory and vestibular 
hair cells and neurons despite the trans- 
verse fractures. One ear showed partial 
preservation of auditory hair cells and 
neurons only. This is consistent with the 
concept that a transverse fracture may 
produce endolymphatic hydrops by ob- 
structing the VA while preserving 
enough audiovestibular epithelium and 
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ORGAN OF CORTI IN THE HUMAN FETUS 


SCANNING AND TRANSMISSION ELECTRONMICROSCOPE STUDIES 
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Nosoru Saxar, MD 


YosHIHIKO TERAYAMA, MD 


SAPPORO, JAPAN 


The organ of Corti in the five-month human fetus was studied by transmission and. scan- 
ning electronmicroscopy. Differentiation of the surface organization of the organ of Corti into 
a single row of inner and three to four rows of outer hair cells was complete at this stage ex- 
cept at the apical end. The morphological aspects: of the hair bundles changed with maturation 
of the sensory cells; the inner hair cells preceded the outer hair cells in cytodifferentiation: at 


a given location. 


One of the first electronmicroscopic 
studies of the developing ear was made 
in vitro on the cultured fowl otocyst by 
Friedmann.' Kikuchi and Hilding? la- 
ter made a detailed study on the im- 
mature cochlea of newborn mice by 
electronmicroscopy. These were fol- 
lowed by reports on the developing 
acoustic organs in other mammals*? as 
well as the chick embryo.'^'* 


Corresponding studies on the human 
cochlea are still few??? and there is 
little information on the fine morphol- 
ogy of the human cochlea in fetal stages. 
This is due mainly to the difficulty in 
obtaining specimens with satisfactory 
preservation for  electronmicroscopy. 
Nakai’? studied the ultrastructure of the 
organ of Corti in the 5-6 month human 
fetus and demonstrated that features of 
varying maturity could be observed in 
the same cochlea. In this sense, the pre- 
mature cochlea of this stage appears to 
be an excellent model for studying the 
development of the auditory organs. 


The present study was undertaken in 
order to study the fine morphology of 
the human cochlea by both scanning and 
transmission electronmicroscopy with 
particular reference to the differentia- 
tion of the surface topography of the im- 
mature organ of Corti. 


METHODS AND MATERIALS 


Six temporal bones were obtained from 3 
human fetuses aborted with instruments at the 
fifth month. The age of the fetuses, as esti- 


—— 


mated by the menstrual episodes, ranged from 
18 to 20 weeks. 


The temporal bones, obtained 2 to 3 hours 
after abortion, were immersed 'in toto into the 
fixative as the perilymphatic perfusion turned 
out unsuccessfully due to the presence of the 
mesenchymal connective tissue which had nar- 
rowed the apical part of the perilymphatic 
spaces. The fixative contained 3$ paraform- 
aldehyde, 0.5 glutaraldehyde and 0.7 M phos- 
phate buffer. The specimens were kept in the 
same fixative at 4 C until they were processed 
for electronmicroscopy. The temporal bones 
were bissected with a razor blade before post- 
osmication and rinsed in the phosphate buffer. 
The postfixation with 1% osmic acid was per- 
formed for 1% hours at 4 C and the specimens 
were dehydrated in ascending series of ace- 
tone. The dissection of the specimens was car- 
ried out in 70% acetone. In this study, right 
ears were processed for transmission: electron- 
microscopy and the left ears for scanning elec- 
tronmicroscopy. For transmission electron- 
microscopy, the specimens were transferred 
into n-butyl glycidyl ether and embedded in 
Quetol® 651." Sections were cut on an LKB 
ultratome using glass or diamond knives. For 
the lightmicroscopic survey of the tissue, 1 
um sections were observed after toluidine blue 
stain. The ultrathin sections were stained with 
uranyl acetate and lead nitrate and were ob- 
served in a Hitachi 12A electronmicroscope at 
50kV. For scanning electronmicroscopy, the 
specimens were soaked in diamyl acetate after 
dehydration was completed. They were then 
dried in a Hitachi critical point dryer using 
liquid nitrogen as a transitional fluid. The 
specimens were coated with gold and ob- 
served in a Jeol JSM-S 1 scanning electron- 
microscope. 


RESULTS 
SCANNING ELECTRONMICROSCOPY 


The organ of Corti is covered by a 


From the Department of Otolaryngology, Hokkaido University School of Medicine, Sapporo, 


Japan. 


749 





Fig. 1. SEM of the tectorial membrane 
in the basal turn. The distal margin forms 
strands which are firmly attached to the 
surface of the futüre Hensen's cells (H). 
The surface of the outer hair cells under- 
neath thé ‘tectorial membrane is visible 
through these strands. (x2,000) 


thin tectorial membrane which barely 
reaches to the inner hair cells in the 
apical turn. In the basal turn, the distal 
margin of the tectorial membrane forms 
strands which are firmly attached to the 
surface of the future Hensen's cells 
(Fig.-1), amorphological features simi- 
lar-to those found in the newborn kit- 
ten, The surface of the tectorial mem- 
brane “demonstrates parallel ridges, the 
direction of which is oriented radially 
but pointed slightly to the apex. It ap- 
pears that free communication of en- 
dolymph is allowed through the spaces 
between the strands, although the spa- 
ces seem exaggerated by the shrinkage 
of the tectorial membrane after alde- 
hyde fixation. 


Figure 2 shows the surface of the or- 
gan of Corti in the basal turn exposed 
after the removal of the tectorial mem- 
brane. It demonstrates a well-differen- 
tiated organization of the sensory cells 
which are disposed into a single row of 
inner and three to four rows of outer 
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hair cells. They are more closely packed 
together than in the fully mature organ 
of Corti. The sensory hairs are arranged 
in step-like rows but at this stage of de- 
velopment, the direction of their morpho- 
logical polarizations is not as uniform as 
in the adult cochlea. There is no ap- 
preciable difference in the degree of 
maturation among the outer hair cells of 
different rows. The supporting cells 
around the sensory cells are marked by 
numerous long microvilli on their apical 
surfaces, 


The hair bundles of these sensory 
cells have unique features which are not 
present in those of human adult ears;'* 
viz, 1) each hair bundle is provided 
with a single kinocilium located on the 
side away from the modiolus, and 2) 
stereocilia are extremely numerous by 
the presence of extraneous small cilia. 


Somewhat more developed features 
of the outer hair cells are observed in the 
basal turn taken from the second speci- 
men (Fig. 3). Those outer hair cells 
have lost most of short cilia and only the 
longer rows plus a few short cilia are 
seen remaining on the surface. 


The surface morphology of the api- 
cal end differs considerably from that of 
the basal turn. At the apical end (Fig. 
4), the ciliary bundles of the inner hair 
cells are rather mature in form and are 
arranged in a single row whereas the 
outer hair cells are provided with much 
shorter hair bundles, the height of which 
are less than half of the former. Some of 
the outer hair cells are noted by an ex- 
tremely short hair bundle (arrow, Fig. 
4) which possibly is more immature 
than the others. In the apical turn, the 
outer hair cells are less numerable than 
in the basal turn and are not disposed 
in regular rows. In many places, the api- 
cal ends of cells are visible which have 
neither stereocilia nor microvilli. Their 
location leads to the inference that they 
are nonciliated outer hair cells. 


It is a consistent finding among these 
specimens that the hair bundles have 
some different features in the basal and 
apical turns; the outer hair cells in the 
apical turn are provided with short hair 
bundles composed of stereocilia of ho- 
mogeneous length measuring 1 um, and 
a kinocilium. Nevertheless, those in the 
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Fig. 2. SEM of the organ of Corti in the basal turn, The sensory cells are distributed 
in a single row of the inner (IHC) and 3 to 4 rows of the outer hair cells (OHC). Each. 


hair bundle consists of a kinocilium (arrows ) 
occupy the greater part of the cuticular surfaces. (x2,600) 


basal turn have ciliary bundles of step- 
like arrangement, the tallest row reach- 
ing to 3 pm. 


The inner hair cells are disposed in a 
single row from base to apex. Their 
ciliary bundles occupy the greater part 
of their luminal surfaces at the apical 
end, whereas those in the basal turn are 
band-like and localized in the central 
part of the surfaces. 


TRANSMISSION ELECTRONMICROSCOPY 


As demonstrated in Figs. 5 and 6, the 
organ of Corti in the five-month human 
fetus is a compact structure without the 
usual fluid spaces in the epithelial layer. 
The inner and outer hair cells are sep- 
arated by a tall columnar cell and the 
cell with light cytoplasm. In the lower 
turn, one can find a degenerative area 
at the basal part of the cells located be- 
tween the inner and outer hair cells 
(Fig. 5). This area is mostly devoid of 
cell processes and seems to indicate the 
beginning of the tunnel space. However, 


and a large number of stereocilia which 


a comparable area is rarely found in the 
organ of Corti in the upper turn. 


The outer hair cells are bulbous in the 
basal turn (Fig. 5) whereas they are 
more slender and columnar in the up- 
per turn (Fig. 6). A round nucleus with 
a prominent nucleolus is located in the 
basal part of the sensory cell cytoplasm. 
In the basal turn, the outer hair cells are 
separated by narrow bands of:support- 
ing cell cytoplasm, the basal part. of 
which directly rests on the basilar mem- 
brane whereas the apical end reaches to 
the luminal surface to join the reticular 
lamina. In the apical tum, however, 
the outer hair cells are touching each 
other. The cytoplasm of the outer hair 
cells exhibits scattered mitochondria, 
aggregates of ribosomes and some Golgi 
apparatuses. Lysosomes are rather prom- 
inent beneath the apical surface. The 
development of the sensory hairs and the 
cuticular plates of the outer hair cells 
varies considerably from base to apex; 
the outer hair cells located in the basal 
turn are provided with cuticular plates 





Fig. 3. SEM of the surface of the outer 
hair cells in the basal turn. They ap- 
pear more advanced in cytodifferentiation 
'than those-in Fig. 2, as most of the short 
stereocilia have disappeared and only 
longer.ones remain on the surface, Rem- 
nants-of short cilia are indicated by an 
arrow. (x8,000) 


and their luminal surfaces are covered 
by numerous stereocilia of step-wise 
length. Outer hair cells of the apical 
turn lack the cuticle and the sensory 
hairs are short and microvilli-like (inset, 
Fig. 6). The inner hair cells do not dif- 
fer significantly from the outer hair cells 
in dimensions or internal structure and 
they are invariably endowed with cuti- 
cular plates even in the apical turn. 


Figure 7 illustrates a tangential sec- 
tion through the ciliary bundles of the 
outer hair cells in the lower basal turn. 
Each hair bundle consists of a single 
kinocilium and a large number of stereo- 
cilia. The former are located in the 
cuticle-free area of the luminal surface 
whereas the latter are restricted to the 
cuticle. The kinocilia on the outer hair 
cells generally have larger diameter 
than those of the inner hair cells. Their 
most conspicuous feature is that they do 
not have the typical arrangement of the 
internal fibrils. Most of these kinocilia 
lack the pair of central tubules and 
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whole tubules are most often dispersed 
into an arrangement of eight doublets 
surrounding a single doublet (Fig. 7b). 
This 8-- 1 axonemal pattern possibly is 
not continuous down to the level of the 
cuticular plate since cross sections 
through the neck of the kinocilia in- 
variably revealed not eight, but nine 
doublets displayed in a circular pattern 
without the central tubules. The stereo- 
cilia vary in height and in diameter. The 
taller cilia on the outside of the bundle 
and near the kinocilium have an internal 
structure composed of an evenly dis- 
persed fibrogranular material which is 
similar to that of sensory cell stereocilia 
in the adult human'* and other verte- 
brates.’ The other cilia are short, less 
than half the diameter of the taller ones, 
and have less dense cores. Nevertheless, 
they are packed together with the other 
cilia in the same regular geometrical 
fashion and deserve to be considered as 
a part of the hair bundle at this stage. 
The two different types are shown in 
Figure 7 a and c. The microvilli on the 
Deiters cells are of similar diameter 
but have no regular arrangement. 


The nerve endings have some differ- 
ent features in inner and outer hair cells. 
The outer hair cells are provided with 
large nerve endings on their basal parts 
(Figs. 5 and 6). A few small endings 
can also be recognized on some occa- 
sions. The large endings are filled with 
a fibrous material but vesicles and mito- 
chondria are scarce. An occasional syn- 
aptic bar or cluster of vesicles is seen in 
the hair cell cytoplasm close to the 
synaptic zone (Fig. 8). Under higher 
magnification, vesicles of the latter are 
revealed to be of different density, 
some being dense and homogeneous 
while others resemble cored vesicles 
(Fig. 8b). These synaptic bodies as well 
as membrane thickenings are rather 
prominent in the outer hair cells of the 
basal turn but these synaptic structures 
are inconspicuous in those of the apical 
end. Most of nerve endings on the inner 
hair cells are small and of the bouton- 
type. They often make shallow invagin- 
ations into the hair cell cytoplasm. Mem- 
brane thickenings and the associated 
synaptic balls are often found at the 
contact areas of the inner hair cell and 
nerve endings from base to apex. Figure 
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Fig. 4. SEM of the organ of Corti in the apical turn. The outer hair cells (OHC) 
are marked by short hair bundles, the height of which is less than those of the inner hair 
cells (IHC). One of the outer hair cells is noted by an extremely short hair bundle (ar- .. 
row). Sporadic occurrence of the nonciliated surfaces (?) suggests that some of the outer ` 
hair cells do not yet have sensory hairs. (x11,000) ; Ks 





Fig. 5. TEM of the organ of Corti in the basal turn. The outer hair cells (OHC) are 
bulbous with large nerve endings (N) on their basal surfaces. Some degenerative areas 
are visible at the basal part EU of the columnar cell located between the inner 
(IHC) and outer hair cells. (x2,700) 
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Fig. 6. TEM of the organ of Corti in the apical turn. The outer hair cells (OHC) 
are slender and columnar in shape (x2,700). Inset) Higher magnification of the apical 
region of the outer hair cells demonstrates that the cuticular plate is not yet formed and 
that the sensory hairs are microvilli-like (x9,600). 
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Fig. 7. a) Tangential section of the ciliary bundles of the outer hair cells in the low- 
er basal turn. Each hair bundle consists of a single kinocilium (arrows) and a large num- 
ber of stereocilia (x6,000). b) Cross section of a kinocilium demonstrating an 8+1 pat- 
tern of the internal tubules (x40,000). c) Cross section of stereocilia. Note that the small 
stereocilia are different in internal structure (x40,000). 
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he x 
Fig. 8. Synaptic structures associated 
with large nerve endings at the outer hair 
cells. a) A synaptic bar is occasionally 
found at the site of synaptic contact (x- 
3000). b) A cluster of vesicles consists 
of dense homogeneous masses and cored 
vesicles (x30,000). 


9 shows the basal part of an inner hair 
cell located in the basal turn. The small 
nerve endings contain mitochondria and 
dense vesicles measuring 700 À in di- 
ameter. On occasions, a long cochlear 
dendrite (Fig. 9) comes in contact with 
the lateral aspect of the inner hair cell 
forming definite membrane thickenings 
at the site of contacts. 


DISCUSSION 


The organ of Corti in the five-month 
human fetus was found to have a well- 
differentiated sensory cell organization 
for the greatest length of basilar mem- 
brane in that they are disposed into a 
single row of inner and three to four 
rows of outer hair cells. In the apical 
end, however, the outer hair cells were 
less developed in appearance and three 
rows were not yet complete, 


The sensory cells were predominantly 
associated with different nerve endings, 
as determined by the presence of a 
synaptic bar or cluster of vesicles. We 
failed to find efferent terminals which 
are characterized by many vesicles of 
constant size and related subsurface 


cisterns. Similar observations have been 
made by Kikuchi and Hilding? and 
Thorn? who showed that the afferent 
nerve endings were formed earlier than 
the efferent ones. These findings lead 
to the assumption that the differentiation 
of sensory cells are able to go on with- 
out efferent innervation. 


Nakai’? did not find typical synaptic 
contacts with the hair cells even in the 
lower turn’ of the cochleas of the five- 
month human fetuses. The variant as- 
pects of the development of afferent in- 
nervation demonstrated in his study and 
ours might be due either to the differ- 
ence of age of fetuses in both studies or 
to an individual difference of the coch- 
lear development in human fetuses. Fur- 
ther studies are needed to clàrify the de- 
velopmental aspects of the cochlear in- 
nervation in the human fetus. 


Postmortem autolysis is an inevitable 
problem in the ultrastructural study of 
the human inner ear. Fixation with peri- 
lymphatic perfusions immediately after 
death is essential for achieving good pre- 
servation of the delicate membranous 
labyrinth enclosed by a bony shell. 
Nevertheless, this fixation method did 
not work for the fetal cochleas since the 
mesenchymal connective tissue remain- 
ing in the perilymphatic spaces had nar- 
rowed their apical part. In this. study, 
preservation of the cytoplasmic organel- 
les as well as the surface organization in 
both sensory and supporting cells were 
remarkably well when one considers the 
immersion fixation two to three hours 
after abortion. The nervous _ tisstie 
showed the greater tendency to post- 
mortem changes than the epithelial tis- 
sue, as indicated by a swelling of nerve 
fibers and terminals and by the occa- 
sional vacuoles in the latter. Somewhat 
poor preservation of the cytoplasmic 
membrane was noted in the sensory hairs 
but this did not affect the integrity of 
their internal structures such as filaments 
or tubules. 


Although this study did not result in 
any clarification. of the sequence of 
ciliary differentiation, the scanning elec- 
tronmicroscopic survey of the entire coch- 
lea indicated that the morphological fea- 
tures of the hair bundles vary consider- 
ably from base to apex, a feature which 


755 < 


756 


TANAKA ET AL 





Fig. 9. The basal part of an inner hair cell (IHC) located in the basal turn. Small 
nerve endings (N) contain dense vesicles and mitochondria. Thickenings of the mem- 
brane (arrows) are found at the sites where a long cochlear dendrite (C) comes in con- 
tact with the lateral aspect of the inner hair cell. (x21,000) 


is correlated with maturation of the sen- 
sory cells. Premature sensory hairs ini- 
tially are short and microvilli-like, as 
seen in the apical end. They are nu- 
merous enough to cover the apical sur- 
face of sensory cells but the step-like 
arrangement is not yet achieved. There- 
after, these cilia grow into rows of step- 
like arrangement occupying the greater 
part of the cuticular surfaces. However, 
"most of the shorter cilia appear to be 
lost around this stage, leaving rows of 
longer cilia in place. This sequence of 
ciliary differentiation in the auditory 
neuroepithelium differs from that of the 
vestibule in that neither stereocilia nor 
kinocilia in the latter fall off during the 
course of maturation.* 


The presence of the kinocilia in the 
auditory hair cells of the mammalian 
fetus was first confirmed with electron- 
microscopy by Kikuchi and Hilding? in 
mice. Their occurrence in the human 
fetus was observed by Wersäll and 
Flock, Nakai’? and Bredberg et al. 
The present study has revealed that most 


*Tanaka K: Unpublished data. 


of the kinocilia in the human fetal coch- 
lea demonstrated an atypical arrange- 
ment of the internal fibrils. The axone- 
mal pattern of eight doublets surround- 
ing a single doublet was most often en- 
countered. The kinocilia of the similar 
constitution were found in the ampullae 
of Lorenzini'? and in the chicken's basi- 
lar papilla," in the latter the occurrence 
of the kinocilia are rather erratic. In the 
sensory cells of the newborn mice, how- 
ever, kinocilia show nine peripheral fila- 
ments as reported by Kikuchi and Hild- 
ing? and Kimura.?? 


The immature outer cells at the apical 
end are conspicuous by the uneven de- 
velopment of the ciliary bundles and by 
the irregular disposition. The latter fea- 
ture appears to be correlated with that 
of fully mature outer hair cells at the 
apical turn of the human adult cochlea 
where many outer hair cells are missing, 
as depicted by Retzius.” 


Orr? studied the embryological de- 
velopment of the chick otocyst culti- 
vated in organ culture and found that 
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cytodifferentiation of hair cells was com- 
plete in innervated membranes whereas 
differentiation of hair cells in noninner- 
vated membranes was retarded. She re- 
ported that the ciliary tufts were short- 
er or could not be observed in the sen- 
sory cells of the latter. If the same thing 
occurs in vivo, then the nonciliated outer 
hair cells as well as those with very 
short cilia might correspond to hair cells 
of either impaired or retarded innerva- 
tion. However, present electronmicro- 
scopic investigations reveal that most 
of those outer hair cells, including non- 
ciliated ones, are associated with imma- 
ture nerve endings or dendrites but their 
synaptic structures are inconspicuous. 
The immaturity of the outer hair cells 
at the apical end may reflect on their 
retarded innervation, if cytodifferentia- 
tion of sensory cells depends on innerva- 
tion as Orr has suggested. 


It is well-established that the cytologi- 
cal maturation of the cochlea begins at 
the basal turn and then proceeds to the 
apex. This regional difference of cyto- 
logical maturation is clearly represented 
by the outer hair cells in this study. 


Ruben?’ classified the cells compos- 
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ing the labyrinth into “old” and “young” 
ones on the basis of the terminal mi- - 
toses. He found that the cells located at 
the apex are oldest while those at the 
base are youngest. If this is corréct, then 
maturation is delayed in some manner in 
the apical part of the cochlea, because 
maturation proceeds in all structures of 
the cochlear duct from base to apex.?* 
According to Ruben,? the older spiral 
ganglia are located in the basal seg- 
ments. where the hair cells are youngest, 
but the younger neurons are located in 
the apical segments where the hair 
cells are older. Maturation of the spiral 
ganglia may be involved in initiating 
further differentiation of hair cells. 

In addition to the regional difference 
of the cochlear development, this study 
has clarified that the two groups of the 
sensory cells, eg, inner and outer hair 
cells, differed in the time of-cytodiffer- 
entiation; the former preceded the latter 
at a given location. This result is in 
agreement with the lightmicroscopic ob- 
servation by Bredberg.” The formation 
of the cuticular plate and step-like ar- 
rangement of the ciliary rows appear 
significant morphological features denot- 
ing the maturation of the sensory cells. 
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The House and Senate Labor-HEW Appropriations Conference Committee has approved 
a 14% increase in funding for the National Institute for Neurological and Communicative Dis- 
orders and Stroke for FY 1980. An appropriation of $242 million was recommended which is 7.1% 
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the National Committee for Research in Neurological and Communicative Disorders (NCR) 
helped to garner Congressional support. A number of voluntary health organizations (e.g. Deaf- 
ness Research Foundation) and prciascandl societies (e.g. American Academy of Otolaryngology, 
American Otological Society, Triological Society and Association for Research in Otolaryngology ) 
are members of NCR. 
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VEIN OF THE VESTIBULAR AQUEDUCT 


ANTONIO Mazzoni, MD 


BERGAMO, ITALY 


The vein of the vestibular aqueduct (VVA) was investigated in a series of 40 human tem- 
poral bones. The processing included vascular injection with a colored medium, decalcification 
and cutting in serial, thick sections, which were put in a clear fluid and studied with a stereo- 
microscope. The labyrinthine roots of the VVA are the single veins of the ampulla and simple 
limbs of the semicircular canals and of the posterior wall of the utricle. They drain the rich 
capillary bed of the simple endolymphatic walls of the canals and the utricle, as well as a small 
peripheral area of the cristae and the utricular macula. The VVA leaves the vestibule through 
an individual bone canal running parallel to the vestibular aqueduct up to the dura of the 
posterior side of the petrosa in the area of the endolymphatic sac. It then opens in the inferior 
petrosal sinus or the jugular bulb. The vein receives other branches from the bone, dura and sac. 


Correct information on the course of this vein ap 
and articles, although it has been correctly desc 


The vestibular aqueduct was recently 
the object of anatomical and clinical re- 
ports in relation to the diagnosis as well 
as the pathophysiological mechanisms of 
of Meniére's disease. The interpretation 
of the findings concerning the vestibular 
aqueduct and its content, the endo- 
lymphatic duct and the vein of the ves- 
tibular aqueduct (VVA), as well as the 
newly-discovered paravestibular cana- 
liculus, was inaccurate because of a lack 
of objective anatomical information and 
a misreading of the literature. The ob- 
ject of this paper is to review the litera- 
ture on the VVA and to report our find- 
ings on this vein and its paravestibular 
osseous course. 


LITERATURE REVIEW 


This review will first consider recent 
clinical studies which focus on the role 
of the vestibular aqueduct in inner ear 
disorders, then it will discuss the normal 
anatomy of the aqueduct and its vein in 
relationship to these studies. 


Clinical Aspects. The current interest 
in the vestibular aqueduct arose in con- 
nection with Meniére’s disease. A normal 
endolymphatic duct and sac are consid- 
ered essential for labyrinthine function. 
Experimental ablation of the endo- 
lymphatic sac caused endolymphatic hy- 
drops in animals, while structural ab- 
normalities of the endolymphatic duct 


pears to be lacking in contemporary textbooks 
ribed since the last century, 


and sac were found in patients with 
Meniéres disease? Histopathological 
studies of patients with Meniére's dis- 
ease demonstrated avascular fibrosis of 
the perisaccular connective tissue? and 
exotosis-like buds of lamellar bone on 
the walls of the aqueduct.’ In 1968 
Clemis and Valvassori? reported an ex- 
ceptionally high correlation between 
sensorineural hearing loss and an abnor- 
mal or absent radiological visualization 
of the vestibular aqueduct. This correla- 
tion was later restricted to Meniére's 
disease.”* Yuen and Schuknecht, show- 
ever, found no abnormal caliber of the 
aqueduct in temporal bones from pa- 
tients with Meniére's disease. 


Studies on the gross anatomy of the 
aqueduct and related structures were 
stimulated by clinical experience.” 
Ogura and Clemis" examined the ves- 
tibular aqueduct by means of microdis- 
section of osmic-acid-stained temporal 
bones. A structure was identified near 
the aqueduct and called the paravestib- 
ular canaliculus. It began from the vesti- 
bule, superior and a little medial to the 
opening of the aqueduct; it ran in a 
bony channel of its own, parallel to the 
aqueduct, and terminated distally by 
branching into the substance of the pos- 
terior fossa dura in the region of the 
endolymphatic sac. The canaliculus con- 
tained loose connective tissue with an 


From the Department of Otolaryngology, University of Ferrara, Ferrara, Italy, and the Insti- 
tut of Anatomy, University of Odense, Odense, Denmark. 
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artery and a-vein. The canaliculus was 
believed by the authors to carry the 
blood supply of the endolymphatic sac 
and to fulfill a pressure-regulating func- 
tion between the posterior fossa and 
the perilymphatic space. Similar find- 
ings were obtained by Stahle and Wil- 
brand? and Wilbrand et al? with tomog- 
raphy and microdissection of human pe- 
trous bones. Minute vascular connections 
between the canaliculus and the aque- 
duct were also shown and, within a con- 
textual concept of a reduced visibility of 
the aqueduct at tomography, were felt 
*to contribute to the complexity of the 
morphological factors which with all 
probability are linked to the pathogen- 
esis of Meniére’s disease.” 


In conclusion, the authors cited  re- 
fer to a picture of vascular anatomy in 
which the VVA runs with the endo- 
lymphatic. duct in the aqueduct and 
terminates in the sigmoid sinus. Veins 
from the endolymphatic sac either drain 
into the VVA or go directly into the sig- 
moid sinus. The paravestibular canalic- 
ulus begins at the vestibule, closely fol- 
lows the aqueduct and ramifies in prox- 
imity to the sac. An artery and a vein of 
unknown origin and destination are con- 
tained in the canaliculus. 


Normal Anatomy. In 1761, Cotun- 
nius'?. first described the cochlear and 
the vestibular aqueducts and their ad- 
jacent channels. A vein collecting all 
the venous branches of the tympanic 
scalae of the cochlea and a vestibular 
branch follows the cochlear aqueduct 
in a channel of its own and ends in the 
jugular vein. The VVA has a similar 
course. It collects the blood from the 
vestibule and the semicircular canals 
and courses in a bone canal adjacent to 
the vestibular aqueduct. It then descends 
along the outer layer of the dura mater 
and opens into the lateral sinus. 


This precise description was disre- 
garded and practically lost for at least 
a century. Eichler,^ in 1892, reviewed 
the works of contemporary authors who 
were apparently unaware of the contri- 
bution of Contunnius and either did not 
mention any vein or described a single 
element of the whole picture. 


With Siebenmann!'?7* the description 
of Contunnius regained its original clari- 
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ty. Canalis accessorius aqueducti coch- 
leae, (accessory canal of the cochlear 
aqueduct) and canalis accessorius aque- 
ducti vestibuli, (accessory canal of the 
vestibular aqueduct) lie parallel to and 
separate from their respective aqueducts. 
The VVA, collecting branches from the 
utricle and the six crura (limbs) of the 
semicircular canals, begins near the in- 
ner aperture of the vestibular aqueduct 
and enters its own osseous channel, that 
is, the accessory canal of the vestibular 
aqueduct. 


Since the organic description by Sie- 
benmann, the course, autonomous or not, 
and the destination of the VVA have 
been described differently in textbooks 
as well as in specialty studies. Few text- 
books carried the correct description; 
commonly the vein was described as 
running within the aqueduct itself, or it 
was not mentioned. Its termination was 
sometimes reported in the inferior pe- 
trosal sinus or the sigmoid sinus, but 
more often in the superior petrosal sinus. 
According to Bast and Anson"? the vein 
runs with the endolymphatic duct 
through the vestibular aqueduct up to 
the dura and opens into the lateral sinus. 
Anson et al'? pointed out the small veins 
running close to the aqueduct and open- 
ing into the vein of the aqueduct. 


METHODS AND MATERIALS 


Forty petrous bones from adults with no 
disease of the ear or temporal bone, both in 
the history and clinical examination, were sub- 
mitted to the investigation. The essential goal 
of the processing consisted of obtaining a 
series of 1 mm thick, cleared sections from 
temporal bones previously submitted to vascu- 
lar injection of the internal auditory artery 
and to osmic-acid staining of the membranous 
labyrinth. The method of removal, injection 
and staining of the specimens was as described 
by Hansen? and reported in detail elsewhere" ^ 
with the processing of the thick sections. The 
findings on the course of the VVA were also 
verified in several series of histological sec- 
tions of temporal bones used as controls. 


RESULTS 


The VVA drains the major portion of 
the semicircular canals and a part of the 
utricle. This is the general picture of the 
confluence of the tributary veins and the 
course of the VVA. Each semicircular 
canal has two veins, one for the ampul- 
lar crus and one for the simple crus 
(crus with its plural, crura, belongs to 
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Fig. 1. Vein of the vestibular aqueduct (VVA) in the dorsal wall of the vestibule. 
Arrow points to the vein of the ampullar crus of the lateral canal which receives the other 
veins according to different patterns in a, b & c (see text). ED - Endolymphatic duct 
and vestibular aqueduct; LSC - Lateral semicircular canal; PSC - Posterior sernicircular 


canal; SSC - Superior semicircular canal. 


Latin anatomical terminology and 
means the limb, ampullar or simple, of 
the semicircular canal). As each canal 
opens into the vestibule, the veins lie 
on its posterior wall where they begin 
to run in a medial direction (Fig. la). 
While some veins join to form the stem 
of the VVA, others proceed individually 
up to the medial wall of the vestibule. 
Here, both the VVA and the single veins 
make a sharp dorsal turn and enter a 
bone channel where they merge to form 
the complete VVA. The opening of this 
channel lies just cranially to the begin- 
ning of the vestibular aqueduct. The 
VVA proceeds in its bone channel up to 
the jugular bulb or the inferior petrosal 
sinus (Fig. 2). 
TRIBUTARY VEINS OF THE VVA 

These will be described in the order 


in which they merge to give rise to the 
VVA (Fig. la). 


Vein of the Ampullar Crus of the Lat- 
eral Canal (vACLC). From the convex 
wall of the canal the vein runs on the 
posteromedial wall of the endosteal am- 
pulla to the posterior wall of the vesti- 
bule, where it is joined by the posterior 
utricular vein. It drains the venous blood 
from the membranous canal and from 
the periphery of the lateral crista. 


Vein of the Simple Crus of the Later- 
al Canal (vSCLC). This enters the ves- 
tibule and courses medially and slightly 
superiorly passing cranially to the open- 
ing of the common crus and then joining 
the VVA. 


Posterior Utricular Vein (PUv). This is 
formed by several branches draining the 
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Fig. 2. The course of the vein of the vestibular aqueduct (VVA) seen from the pos- 
terior side of the temporal bone. The insert shows the relative situation of the vein and 
the vestibular aqueduct in their first segment, as well as the intraosseous course of the 
last branch to the VVA. ED - Endolymphatic duct; IPS - Inferior petrosal sinus; JB - 


Jugular bulb. 


posterior wall of the utricle and 
by small branches draining the periph- 
ery of the macula along the inferior as- 
pect of the utricle. The vein crosses over 
to the posterior wall of the vestibule 
where it meets the preceding veins (Fig. 
3.) 


Vein of the Simple Crus of the Su- 
perior Canal (vSCSC). This passes from 
the simple crus of the superior canal to 
the common crus and up to the vesti- 
bule. Here; the vein turns around the 
upper margin of the crus opening and 
joins the vACLC. Occasionally, the 
vSCSC joins the vein of the simple crus 
of the posterior canal and the common 
stem proceeds to the vACLC (Fig. 3). 


Vein of the Simple Crus of the Poste- 
rior Canal (vSCPC). This may join the 
vSCSC (see above) or it may individ. 
ually pass to the vestibule, where it joins 
the VVA. 


Vein of the Ampullar Crus of the Su- 
perior Canal (vACSC). This runs in a 
caudomedial direction from the poste- 
rior wall of the endosteal ampulla to the 
medial wall of the vestibule. Here it 
joins the VVA just prior to its entrance 
into the bone channel, or it enters the 
bone independently and joins the VVA 
in its canal (Fig. 1b). 


In one quarter of the cases the VVA 
receives one or two veins which are nor- 


VEIN OF VESTIBULAR AQUEDUCT 763 





Fig. 3. Thick, cleared section in horizontal plane. The stem of the vein of the ves- 
tibular aqueduct (VVA) receives the vein of the common crus (vCC) and the posterior 
utricular vein (PUv). The drainage of the utricular macula (U) into the VVA can be 
appreciated. The vCC is here formed by the vein of the simple crus of the posterior ca- 
nal and by the vein of the simple crus of the superior canal. ED - Capillaries of the 
isthmic portion of the endolymphatic duct. (x16) 


mally tributaries of the posterior vestibu- 
lar vein, They are the vein of the am- 
pullar crus of the posterior canal and 
the vein of the crista of the posterior 
canal (Fig. la). 


CONFLUENCE OF THE TRIBUTARIES OF 
THE VVA 

The tributaries meet along the pos- 
terior and the medial walls of the vesti- 
bule with various patterns, which may 
be described by taking the vACLC as 
the peripheral root of the VVA. 


Pattern 1. The vACLC running latero- 
medially on the posterior wall receives, 
in this order, the vSCLC, the PUv and 
the vein of the common crus (vSCSC 
and vSCPC). The stem of the VVA is 
then joined by the vACSC either in its 
osseous canal or just prior to the en- 
trance of the canal (Fig. la). 


Pattern 2. The vACLC receives the 
vSCLC and the PUv, their common 
stem enters the main osseous channel 
where it is joined by the common stem 
of the vein of the common crus and the 
vACSC (Fig. 1b). 


Pattern 3. The stem of the VVA is 


completed before the bone canal. The 
vACLC receives in the following order 
the vSCLC, the PUv, the vSCSC, the 
vSCPC and the vACSC (Fig. Ic). 


COURSE OF THE VEIN OF THE VESTIBULAR 
AQUEDUCT 


The extralabyrinthine course (Fig. 2) 
of the VVA is in an osseous canal sepa- 
rated from and parallel to the vestibular 
aqueduct up to the dura of the endo- 
lymphatic sac area. Therefore, the vein 
follows the dura up to the inferior pe- 
trosal sinus or the jugular bulb (Fig. 2). 


In order to simplify the description, 
the course may be divided into three 
segments. The VVA enters its osseous 
canal at a point on the medial wall of 
the vestibule just cranially and dorsally 
to the entrance of the vestibular aque- 
duct. In the first segment, the VVA has 
a dorsal direction, almost parallel to the 
vestibule, and lies cranially to the aque- 
duct from which it is separated by bone. 
The confluence of the last tributaries oc- 
curs in this tract (Fig. 2, insert). 


In its second segment, the vein makes 
a wide dorsal and inferior turn so as to 
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Fig. 4. Histological section in horizontal plane. The vein of the vestibular aque- 
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duct (arrow) leaves the bone and enters the dura close to the endolymphatic sac (ES). 


(H & E, x18) 


leave the labyrinthine capsule and run 
through the retrolabyrinthine cells. It 
thus gradually approaches the posterior 
side of the petrosa, and there it arrives 
on the periosteal aspect of the dura at a 
point medial to the emergence of the en- 
dolymphatic duct (Fig. 4). While paral- 
lel to the aqueduct, this second segment 
is first’ superior, then medioinferior and 
eventually anteromedial to the aque- 
duct (Fig. 2). 


In its third and final segment, the 
VVA runs vertically and caudally within 
the dura and contiguous to the endo- 
lymphatic sac. The vein thus joins the 
inferior petrosal sinus just prior to the 
latter's termination in the jugular bulb, 
or it enters the bulb itself. 


The relationships of the VVA to the 
endolymphatic sac are as follows. The 
vein initially corresponds to the anterior 
side of the first narrow portion of the 
sac. Then, as the expanding sac acquires 
an inferolateral direction, the still-verti- 
cal vein faces the medial margin of the 
sac (Fig. 2). On its dural route, the 
VVA receives several veins coming from 
the endolymphatic ‘sac, the dura adja- 
cent to the sac, the petrous bone and 
the mucosa of the retrolabyrinthine cells. 
The veins of the sac run parallel and in 


a lateromedial direction up to the VVA, 
where they end either individually or 
after joining in a larger stem on the an- 
terior side of the sac (Figs. 5 and 6). 
These veins are joined by branches from 
the bone deep to the posterior wall of 
yor petrosa and from retrolabyrinthine 
cells. 


The course of the VVA presented this 
variation in one case. In the second por- 
tion of its course, the vein turns infero- 
laterally, passing within the arch of the 
posterior semicircular canal and reaches 
the infralabyrinthine area. Here it be- 
comes vertical and, running medially 
and dorsally to the fallopian canal, joins 
the jugular bulb. 


DISCUSSION 


A most notable aspect of the litera- 
ture on the VVA is the recurrent regres- 
sion from a rational and correct descrip- 
tion to an inaccurate and contradictory 
picture. Despite the various contexts in 
which this occurred, there appears to be 
a common semantic factor that deserves 
consideration. This is the name itself of 
“the vein of the vestibular aqueduct,” 
which is a literal misnomer leading to 
the assumption that the vein lies within 
the aqueduct. In view of this, a more 
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Fig. 5. Thick, cleared section in horizontal plane. The vein of the vestibular aque- 
duct (VVA) is joined by a large vein of the endolymphatic sac (ES) (arrow). (x16) 


strictly descriptive terminology should 
be adopted for the vein and its bone 
canal, and, for the sake of symmetry, 
also for “the vein of the cochlear aque- 
duct.” 


The anatomical features of the VVA 
are peculiar. The vein collects blood 
from the rich network of the thin endo- 
lymphatic wall of the semicircular ca- 
nals and a small peripheral area of the 
cristae and the utricle macula. The major 
portion of the cristae and the maculae 
drains into the vein of the cochlear aque- 
duct through the anterior and the pos- 
terior vestibular veins. 


The VVA is formed on the posterior 
vestibular wall, where no other vessel 
lies, and enters the pores of the medial 
wall of the vestibule as a single or dou- 
ble stem. It presents more variations 
than any other labyrinthine vessel both 
in the patterns of fusion and in the num- 
ber of its tributaries. A typical feature of 
its morphology is that the final fusion of 
the tributaries may occur deep to the 
medial wall of the vestibule and be- 
yond the endosteum. 


The course of the VVA with its close 
connection to the endolymphatic duct 
and sac, as well as its termination into 
the inferior petrosal sinus or the jugular 
bulb, appears to be in agreement with 


the embryology and the functional an- 
atomy of the inner ear. Also the tribu- 
tary veins from the network of the sac 
correspond to the same concept. On the 
other hand, the tributary branches from 
the dura, the petrous bone and the mu- 
cosa of the retrolabyrinthine cells fit the 
theory of partial connections between 
the inner ear circulation and the adja- 
cent circulatory districts.?° 


Several of the morphological features 
mentioned above have been reported, 
although in less detail, by previous 
authors. Discussions of the course of the 
vein,!®15168 its tributary branches, and 
the venous drainage of the endolymph- 
atic sac in the VVA appear in the litera- 
ture. Gussen? correctly reported the 
course of the vein. 


The data of the present investigation 
were made possible by modern optical 
equipment as well as the method of 
specimen preparation, which afforded a 
study in stereomicroscopy of the vascular 
bed from the capillary district to the 
large bone vessels without losing the 
continuity of the vessels. A number of 
points, however, remain obscure. The 
tributary veins from the bone to the 
VVA were incompletely visualized due 
to the low pressure build-up in the ve- 
nous regimen, as commonly occurs with 
arterial injection of an insulated speci- 
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men. The small artery running with the 
VVA in the bone channel was not seen 
in our specimens. One may infer from 
this that the artery is not a branch of the 
internal auditory artery and the subar- 
cuate artery, which are directly supplied 
with this technique of injection. As a 
matter of analogy, it is worth mentioning 
that a similar artery pairing the vein of 
the cochlear aqueduct is present in hu- 
man embryos and disappears in later 
fetal life.?° 


Vascular connections between the vein 
and the vestibular aqueduct, which 
were evidenced in plastic molds of the 
inner ear,*'? were not seen, perhaps due 
to a technical failure. However, the plas- 
tic molding technique may not discrimi- 
nate vessels from nonvascular spaces. 


The reciprocal position of the vesti- 
bular aqueduct and the VVA were 
found rather consistently, the vein lying 
first caudally then substantially ventro- 
medially to the duct. This does not 
agree completely with the data by Wil- 
brand et al'? who found a paravestibu- 
lar canal lateral to the aqueduct in 9 of 
35 dissected specimens. 


The clinical relevance of these ana- 
tomical findings may deserve a few 
observations. The recently described 
"paravestibular canaliculus" corresponds 
to the bony course of the VVA, that is, 
to the accessory vestibular duct also 
known, in medical dictionaries, as “aque- 
ductus Cotunnii,” the aqueduct of Co- 
tugno. Its role in pathological conditions 
apparently needs more investigation. 
The close relationship between the VVA 
and the endolymphatic sac may be of 
importance in surgery of the sac for 
Meniére's disease. Operations on the 
sac may damage the vein, thus produc- 
ing a permanent or a transient distur- 
bance of the venous drainage of the in- 
ner ear. The capillary network on the en- 
dolymphatic walls of the semicircular ca- 
nals could be effected, while the pe- 
riphery of the cristae can as well drain 
through their central veins to the vein of 
the cochlear aqueduct.*?* A similar 
problem relates to experimental otopa- 


thology. A vein similar to the human 
VVA is present in the rabbit and the 
monkey while it is lacking in the guinea 
pig and the cat." Surgical obliteration 
of the endolymphatic sac and duct in 
these animals produced endolymphatic 
hydrops. Concomitant damage of the 
VVA may have occurred in rabbits and 
monkeys thus creating an additional fac- 
tor in the experiment. 


CONCLUSIONS 


A correct and rational description of 
the VVA was given by Cotugno" in 
1761 and by Siebenmann'^ in 1894, but 
later it was repeatedly lost to the ad- 
vantage of an incomplete or wholly in- 
correct picture. The later description of 
the paravestibular canaliculus, that is, 
the unrecognized bony course of the 
VVA, is an example of this occurrence. 


The present study adds some details 
to the basic picture of the cited authors. 
The VVA is the route of venous drain- 
age of a part of the vestibular labyrinth: 
the three semicircular canals and a small 
area of the cristae of the canals and the 
utricular macula. Most of the cristae and 
the macula drain to the vein of the coch- 
lear aqueduct. This separation of ve- 
nous routes between sensorial and non- 
sensorial areas in the vestibule escapes 
a functional interpretation. 


The VVA takes an individual bony 
course parallel to the vestibular aque- 
duct and reaches the dura mater of the 
posterior side of the petrous bone, where 
it runs up to the inferior petrosal sinus 
or the jugular bulb. In its course, the 
vein receives further tributary branches 
from the bone, the dura and the endo- 
lymphatic sac. These connections, which 
need quantitative evaluation, suggest a 
complex picture which includes the 
blood supply of the membranous laby- 
rinth, the petrous bone and the dura 
mater. 


The information presented on normal 
anatomy should promote interest in this 
neglected vein in histopathological stud- 
ies of temporal bones as well as in ex- 
perimental pathology. 
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TRAVELING WAVES DEMONSTRATED BY A REVOLVING HELIX 
A SIMPLE TEACHING AID 


Luis D. BexírEz, MD 
Mexico City, Mexico 


A simple procedure for the demonstration of traveling waves in actual motion in the class- 
room is described. Using a matched set of experimental data on a) peak amplitude of basilar 
membrane oscillations, and b) phase-lag along the membrane, both for a given frequency of 
stimulation, it is possible to construct a solid spiral, or helix, of constantly changing diameter 
and pitch. When projected on a screen, the helix will look like a longitudinal amplitude gradient 
along the basilar membrane; as the helix is rotated, the projection will appear as a traveling 
wave. It is suggested that the device, because of its inherent simplicity, is a useful aid in a 
teaching laboratory for future otolaryngologists, audiologists and other professionals related to 


the field of hearing. 


The concept of traveling waves in the 
basilar membrane of the cochlea is fre- 
quently very difficult to transmit to 
students; the main reasons being the 
unusual character of such waves that 
makes them different from others that 
students may have experienced previ- 
ously, and the difficulty in reproducing 
an example of a traveling wave in mo- 
tion. 


A purely abstract description of the 
waves will achieve results that are to 
a large degree dependent on the ability 
and experience of the teacher as well as 
of the students, and these are commonly 
less than optimal. Another approach con- 
sists of the use of several types of 
models or films of models representing 
the basilar membrane. These are much 
more effective from the students' point 
of view, probably because of the ob- 
jectivity of the method that gives the 
students direct visual experience of the 
complex characteristics of the waves 
such as their frequency dependence, the 
constantly changing wavelength, speed, 
amplitude, and the phase relationships 
at a given instant in time. 


Also, such models are frequently de- 
scribed either in print or in recordings 
by an expert in auditory physiology, 
thus giving. students better insight into 
the significance of the phenomena for 
the purpose of hearing. Several excel- 
lent models have been constructed by 





such experts; they range from mechani- 
cal models using coupled pendulums, 
tuned vibrating reeds and hydrodynam- 
ic models, to computer-generated waves, 
electronic models, or reconstruction of 
electrical waves obtained from micro- 
phonic recordings in living cochleas.'-5 


From a pedagogical perspective, all 
these models are excellent; however, 
from a more practical point of view, 
they all share the disadvantages of high 
cost, low availability and sometimes 
complex handling. All this has tradition- 
ally resulted in the use of teaching 
models by only a few institutions of the 
world. Recently, we found a very simple 
and inexpensive way of demonstrating 
traveling waves on a projection screen; 
they are of a quality that makes them 
suitable for teaching. 


METHODS AND MATERIALS 


The basic idea of the method origi- 
nated with the unexpected observation 
that traveling waves can be considered 
as the flat projection of a revolving helix 
of changing diameter and pitch. If such 
a helix or spiral is constructed following 
a few simple rules, then it is a simple 
matter to project its shadow on a screen 
while it is rotated around its longitudi- 
nal axis. The result is a beautiful travel- 
ing wave. 


To construct the helix, the first step 
is to make a wood or metal solid envel- 
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Fig. 1. Finished metal envelope. 


ope of the wave desired. This is done 
with a lathe and the envelope is neces- 
sarily symmetrical, hence the method is 
representative of waves resulting from 
sounds of low intensity only. The profile 
for the envelope can be obtained from 
published measurements made at a 
chosen frequency. The solid envelope 
represents the maximum extent of the 
movements of the membrane in its active 
or oscillating region (Fig. 1). 


The second step consists of making 
coordinates in the solid envelope. Trans- 
verse parallel lines are drawn around 
the envelope at distances representing 
units of longitude along the basilar 
membrane starting from the basal end 

Fig. 2). Next, 16 radial meridians are 

awn around the envelope (similar to 
meridians on an earth globe) at 22.5? 
(or any other convenient angle) from 
each other and labeled in a clockwise 
direction as seen from the basal end 
(Fig. 3). 


In the third step, we use some phase- 
lag data available in the literature for 
the chosen frequency. From these data 
we obtain the phase-lag in degrees of 
each point along the membrane relative 
to the basal end and plot it on the en- 
velope at the appropriate longitudinal 
distance and angle. The result is a series 
of points on the envelope. By connecting 


BASE APEX 
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UNITS OF LENGTH ALONG BASILAR MEMBRANE 


Fig. 2. Marks on the envelope repre- 
sent units of longitude along the basilar 
membrane starting from the left or basal 
end. 








SIDE VIEW 


VIEW FROM 
THE APICAL END 
Fig. 3. Meridians drawn on the en- 
velope. Radial marks are added to the 
envelope at any convenient angle from 
each other (shown here at 22.5°). These 
will be used to represent the je ks 


angle of any point along the basilar mem- 


brane relative to the basal end. 


all these points with a line, a spiral is 
drawn around the envelope (Fig. 4). 


The fourth step is to wind a semi- 
rigid wire of appropriate thickness 
around the envelope carefully following 
the line drawn in the previous steps. 
Some straight wire is left at the begin- 
ning and end of the spiral. The finished 





SIDE VIEW VIEW FROM 
APICAL END 


Fig. 4. Plotting of longitude and phase- 
angle information on the envelope. Con- 
necting the points produces a spiral line 
of changing amplitude and pitch. 


spiral wire is withdrawn from the mold 
(solid envelope), taking care not to dis- 
tort it. The result is a spiral with changes 
in diameter and pitch that reflect the 
equivalent changes in amplitude and 
wavelength of a traveling wave (Fig. 5). 
The spiral can then be supported from 
its ends on a box so that it can be re- 
volved manually or by a small motor; 
the box has its bottom open to permit 
the passage of light. The entire as- 
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Fig. 5. Finished helix (rotated 90?) 
after it has been withdrawn from the en- 
velope. Some straight wire is left on both 
sides of the spiral. The dotted lines re 
resent the shape of the envelope. i 
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Fig. 6. Finished helix mounted on an 
open-bottom box and placed on an over- 
head projector. The curved arrow indi- 
cates the revolving motion that is ap- 
plied to the helix. 


sembly is then mounted on top of an 
overhead projector and the resulting 
image on the screen will be seen as a 
traveling wave in motion (Fig. 6). 


Several envelopes and spirals can be 
constructed and quickly interchanged to 
show the effects of frequency. Care 
should be taken not to give the envel- 
opes too large a diameter because the 
pun of the spiral will be hard to 
ocus due to the shallow depth-of-focus 
of the projector. However, by making 
a very wide spiral an interesting effect 
can be achieved; if either the part of 
the spiral closest to the projector, or 
that farthest from it, is focused, then the 
resulting projection will show in sharp 
focus only those segments of the basilar 
membrane that are either descending or 
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DESCENDING 
UNHIBITORY) 





ASCENDING 
(EXCITATORY) 


Fig. 7. Projection of a very wide spiral 
focused either at the point closest or 
farthest from the projector. Only seg- 
ments of the spiral are sharply visualized. 
As the spiral is rotated the segments are 
seen to move apically as they become 
shorter. This image can be used to ex- 
plain the characteristics of the inhibitory 
or excitatory phases of the movements of 
the basilar membrane. 


ascending in a given instant in time. 
These segments of traveling wave will 
be seen to move apically while simul- 
taneously becoming shorter. This image 
can be used to explain the spatial extent 
of the excitatory (ascending) or inhibi- 
tory (descending) parts of the cycle of 
motion in a point of the basilar mem- 
brane (Fig. 7). 


When selecting data for the shape of 
the envelope and phase relationships, 
care should be taken (especially if dif- 
ferent authors are consulted) to obtain 
data sets that match each other in fre- 
quency, animal species, and sound level 
used. Ideally a single set of data should 
be followed. 
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OTOSCOPY AND PHOTOGRAPHY 
A NEW METHOD 


BENJAMIN CHEN 


Terry L. Fry NEWTON D. FISCHER 


CHAPEL HILL, NORTH CAROLINA 


A new hand-held otoscope photographic system, convenient and suitable for clinical appli- 
cation, is introduced. This instrument allows clear otoscopic examination in stenotic or tortuous 
ear canals, and photographs the subject in one procedure. The instrument consists of a rod- 
lens optical system, a tiberoptic light source, a camera, and exchangeable speculum and a strobe 


light. Color photographs of tympanic membranes and middle ear pathology are presented. 


Anatomical variations that hamper 
visual examination of the tympanic 
membrane and the middle ear have been 
long recognized. Shining a light through 
the meatus onto the tympanic mem- 
brane is sometimes a difficult task, es- 
pecially in tortuous or stenotic canals. 
The normal external auditory canal con- 
sists of a cartilaginous portion, which is 
slightly concave anteriorly, and a bony 
portion, within the temporal bone which 
is slightly concave posteriorly.1 The 
canal as a whole looks like a stretched 
S-shaped tube. 


Conventional otoscopes arrange the 
light source behind the speculum, re- 
flecting and scattering much of the light. 
The speculum is not designed for guid- 
ing the light beam onto the drum mem- 
brane. Therefore, illumination of the 
drum membrane is not optimal. Conven- 
tional otoscopes deliver enough light for 
routine observation but not for close 
scrutiny or for photography. 


Photography of the tympanic mem- 
brane and middle ear pathology has 
been a challenge over many years, Nu- 
merous new instruments have been de- 
vised.^* Color photographs in this area 
have required time-consuming elaborate 
methods, yet good results are rare. Oto- 
microscopic phototechnique was intro- 
duced by Lundborg and Linzander in 
1970.* The photoequipment consisted of 
a Zeiss operating microscope equipped 
with a 250 W halogen lamp, high speed 
Ektachrome? type B color film, Siegle's 
speculum, etc, for evaluation and photo- 


graphy. The burden of photographic 
documentation of pathology, as well as 
pre- and postoperative findings, can be 
alleviated with reliable hand-held photo- 
graphic equipment. Valuable otoscopic 
findings can be accurately presented 
during conferences and as a good teach- 
ing aid. 


METHODS AND MATERIALS 


The need for a new we of otoscope which 
is applicable not only for normal ear canals 
but also for stenotic or tortuous ear canals and 
for convenience in photography is obvious. The 
otoscope (patent pending) which is reported 
here, is designed to accommodate a self-rewind 
camera, a flash unit for photography, viewing 
Optics, and a set of specula, as one functional- 
ly integrated compact system (Fig. 1). This 
hand-held  otoscope photographic system 
(OPS) overcomes the arin rics problem by 
sending the light source via a fiberoptic bundle 
to the very tip of a speculum, facilitating 
photography and observation. The light is lo- 
cated beneath the objective lens and is de- 
livered to the subject without the interference 
of the speculum, unlike the conventional oto- 
scopes, 


The OPS utilizes the advantages of a Hop- 
kins rod-lens system as viewing optics (Fig. 
sh In rod-lens viewing optics, the total amount 
of light transmitted by the optical lens relay 
System is proportional to the square of the in- 

ex of refraction of the space between the re- 
lay lenses, and the fourth power of the inner 
radius of the relay lens supporting tube. The 
losses of light by absorption in the glass or by 
reflection at the air glass interface, in practice, 
can be made very small. Therefore, in the 
Hopkins rod-lens system, the glass rods replace 
the air spaces of a conventional scope, and the 
relay lenses replace the air gaps. The immedi- 
ate effect of such replacement is that the total 
light transmission in the system increases by 
2.5 fold (the refractive index of glass is 1.6 and 
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Fig. 1. Otoscope photographic system 
(OPS). 


of air is 1). Secondly, the rod-lens system has 
a finely ground outer surface which prevents 
the reflection of light at glancing incidence and 
permits a radius of clear aperture. By increas- 
ing the inner radius and refractive index, the 
light transmission of a Hopkins rod-lens system 
can be increased as much as nine times that of 
the conventional lens relay system of the same 
outer diameter. In addition, it has a wide 
viewing angle, good depth of field and a small 
outer diameter. " 


A commercially made Hopkins rod-lens sys- 
tem of 6 cm in length, 2.7 mm in diameter 
with zero degree viewing angle and illumina- 
tion is adapted as the viewing optics of the 
otoscope.® 


The light is supplied by a 150 W halogen 
lamp coupled with a 4.8 mm x 180 cm fiber- 
optic cable. A flash generator supplies the 
power to the flash unit which is triggered by 
a self-rewind camera for photography. The 
exposure time is 1/125 second. A 35-mm high 
speed Kodacolor® negative film (ASA 400) 
and Ektachrome color slide film (ASA 200) 
were used for the study. 


Operation of the OPS can be accomplished 
single handedly. Observation is direct through 
the eyepiece. The image can be zoomed closer 
by changing the focal range step by step from 
f= 70 to 130 mm. The light intensity is re- 
duced slightly at higher focal range, but the 
visibility does not deteriorate. 


RESULTS 


Under clinical scrutiny, the OPS 
shows remarkable results. It replaces the 
operating microscope for observation 
and photography of the tympanic mem- 
brane. The hand-held OPS is simple to 
operate and the reliability of each photo- 
graph is predictable. 


The image size on the negatives is 13 
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Fig. 2. Schematic diagram illustrates 
the relationship between the speculum 
and viewing optics for otoscopy. A - 
Eyepiece; B - Rod-lens relay system; C - 
Air gap; D - Objectives. 


mm in diameter. A standard Kodacolor 
3R print enlarges the circular image to 
67 mm in diameter, more than fivefold 
enlargement, with good resolution. The 
color in the slides is less vivid than the 
negative film. The light intensity is suf- 
ficient for the exposure of the color 
slides. 


Three cases of middle ear pathology 
are documented with color pictures tak- 
en during routine ENT clinic visits. The 
first case demonstrates a normal tym- 
panic membrane and a red area on the 
underlying promontory, clearly docu- 
menting a small glomus tympanicum 
tumor (Fig. 3). The second case shows 
the bubbles and serous fluid secondary 
to eustachian tube dysfunction in typical 
serous otitis media (Fig. 4). Finally, a 
case of bullous myringitis is documented 
(Fig. 5). The composition of Figure 5 
illustrates the inadvertent inclusion of 
the undesirable external ear canal. Mini- 
mal practice can avoid such an undesir- 
able inclusion in the photograph. The 
accompanying schematic sketches illus- 
trate the relevant anatomical landmarks 
(Figs. 3-5). 

The OPS is also a valuable instrument 
for middle ear research in laboratory 
animals too small for conventional tech- 
niques. Three color pictures illustrate 
the utility of the OPS in documenting 
the status of the guinea pig tympanic 
membrane during a study of otic drops. 
Figure 6 shows the tympanic membrane 
of a normal guinea pig ear before sur- 
gical intervention. A total tympanic 
membrane perforation was surgically 
created without damage to the malleus 
(Fig. 7). Subsequent healing of the 


*Hopkins straight forward telescope no. 1218A, camera no. 565, electronic flash unit no. 550 
and flash unit tube no. 555B, Storz Instrument Co, St. Louis, MO. 







Fig. 3. Glomus tym- 
panieum tumor on 
the underlying prom- 


5 ontory. Schematic 
sketch — 1 - Manu- 
brium; 2 - Umbo; 

3 - Fibrous annulus; 4 - Light reflection ; 
5 - Glomus tympanicum; 6 - Tympanic 
membrane; 7 - Promontory; 8 - Round 


window; 9 - Lenticular process of incus; 
10 - Chorda tympani. 


Fig. 5. Bullous 
myringitis. Schemat- 
ic sketch — 12 - Red 
blood cell sediment; 
13 - Bulla; 14- Ex- 
ternal auditory can- 
al; 15 - Tympanic membrane. 


Fig. 7. After sur- 
gical removal of the 
TM, the malleus is 
intact The round 
window and pigmen- 
k tary stria vascular- 
ies in the scala media of the 3rd and 4th 
turn of the otic capsule are clearly dis- 
played. Schematic sketch — 1 - Manubrium 
of the malleus: 8 - Round window: 14 - 
Ext. aud. canal: 16 - Cochlea: 17 - Scala 
media of the 3rd and 4th turn. 







Fig. 4. Serous oti- 
tis media. Schematic 
sketch 1 - Manu- 
brium; 3 - Fibrous 
annulus; 11 - Bub- 
bles. 





Fig. 6. Tympanic 
membrane, malleus 
and underlying coch- 
lea of a normal guin- 
ea pig are visible. 
Schematic sketch — 
1 - Manubrium of the malleus; 15 - Tym- 
panie membrane; 16 - Cochlea. 





Fig. 8. "Trapped 

white otic drops de- 

bris is observable 28 

days following re- 

moval of the guinea 

pig tympanic mem- 

brane. Schematie sketch — 1 - Manubrium 

of the malleus; 18 - Trapped white otic 
drop debris; 19 - Middle ear space. 
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guinea pig tympanic membrane results 
in slight opacification as well as trapped 
white debris in the middle ear space 
(Fig. 8). The corresponding schematic 
sketches (Figs. 6, 7 and 8) illustrate the 
relevant anatomical landmarks of the 
middle ear of a guinea pig. 


CONCLUSION 


Numerous middle ear problems, such 
as traumatic or congenital middle ear 
lesions, recurrent infection, ete, require 
close examination with an otoscope. 
Good photographic documents enhance 
case presentation. This OPS offers many 
advantages: 1) It provides enough light 
for visual examination of the ear canal, 


tympanic membrane and the middle 
ear. If desired, it photographs the sub- 
ject at the same time. 2) It incorporates 
the Hopkins rod-lens system and cam- 
era to the otoscope. 3) The integrated 
system can be operated by one hand. It 
makes photographic procedure simple, 
compact, and reliable. 4) It accepts a 
set of specula (24 mm OD). The small 
diameter facilitates pediatric otoscopy. 
Removal of the speculum allows exam- 
ination in stenotic as well as small lab- 
oratory animal ear canals. The OPS is 
limited in usefulness to observation and 
photography. The operating microscope 
is still the instrument of choice for opera- 
tive procedures. 
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In September 1979 Dr. Juergen Tonndorf was presented the Guyot Prize from the Uni- 
versity of Groningen ( Netherlands). The prize given every five years was established in honor of 
Dr. Guyot who was the founder of the first Deaf School in the Netherlands in 1790. 


Also in September, he received the George Shambaugh Prize from the Collegium ORLAS 
at its annual meeting in Budapest, Hungary. This award was established in 1949 and is given 


biennially. 
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Research in Otolaryngology. Dr. Harold Schuknecht was the first award winner in 1977 and 
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SMALL CELL UNDIFFERENTIATED CARCINOMA OF THE LARYNX 


GLENN D. Jounson, MD 
V. PATRICK MAHATAPHONGSE, MD 


ARTHUR B. Ast, MD 
Grorce H. Conner, MD 


HERSHEY, PENNSYLVANIA 


A patient with a small cell, undifferentiated carcinoma of the larynx is described. The tu- 
mor appeared to arise in close association with subglottic minor salivary glands. Ultrastructural 
study of the tumor cells showed neurosecretory granules similar to those seen in normal Kulchit- 
sky cells and pulmonary oat cell carcinomas. Bronchogenic oat cell carcinoma and small cell un- 
differentiated carcinoma of minor salivary gland tissue probably originate from the same cell 
type. The aggressive behavior of this tumor suggests the need for early systemic treatment in- 


cluding combination chemotherapy. - 


Small cell undifferentiated carcinoma 
of the lung (oat cell carcinoma) is a 
common tumor. Extrapulmonary tumors 
histologically similar to the oat cell car- 
cinoma have been described in many 
organs. Primary oat cell carcinoma of the 
larynx is exceedingly rare, and of the 
five previously reported cases,"* ultra- 
structural studies have been performed 
on only one.? A patient with a primary 
small cell carcinoma of the subglottic 
larynx is presented. 


CASE REPORT 


A 68-year-old Caucasian female pre- 
sented to the emergency room in De- 
cember 1976, with acute respiratory dis- 
tress. She had a three-month history of a 
chronic, nonproductive cough. One 
week prior to admission she developed 
hoarseness, followed by progressive 
dyspnea. She had smoked three packs of 
cigarettes per day since early adulthood. 


Indirect laryngoscopy revealed an 
erythematous mass on the right side of 
the subglottic larynx with extensive 
crusting. The vocal cords appeared nor- 
mal with full mobility. There were no 
palpable neck nodes. The remainder of 
the physical examination was within nor- 
mal limits. Xerolaminograms of the 
lar showed a subglottic mass just 
below the vocal cords with an inferior 
extension of 1.5 cm and marked narrow- 
ing of the subglottic airway. Following 


tracheostomy, direct laryngoscopy was 
performed revealing a submucosal mass 
arising from the right side of the subglot- 
tic larynx, extending superiorly to the in- 
ferior surface of the right true vocal 
cord. The mass extended laterally from 
the anterior to the posterior commissure. 
The biopsy showed a small cell undif- 
ferentiated carcinoma. A negative search 
for another primary tumor included a 
metastatic survey, bronchoscopy, '"I 
thyroid imaging, chest x-ray, lung tomo- 
grams, and liver and spleen imaging. 


A total laryngectomy with right thy- 
roid lobectomy was performed. Postop- 
erative radiation therapy consisting of 
5100 rads to the upper and lower neck 
bilaterally was started three weeks later. 


Ten months after her laryngectomy 
she was readmitted, severely ill with 
multiple problems including hypergly- 
cemia, hypokalemic metabolic alkalosis, 
paneytopenia, pneumonia, hypoxia, sep- 
sis, renal failure, hypothyroidism, hypo- 
tension, and ileus. A bone marrow as- 
pirate showed metastatic oat cell carci- 
noma. Despite intensive therapy, her 
clinical condition rapidly deteriorated 
and she died eight days after admission. 
An autopsy was performed. 


METHODS AND MATERIALS 


Tissue from the laryngeal biopsy, laryn- 
gectomy specimen and autopsy was fixed in 
4% buffered formaldehyde. Paraffin-embedded 
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Presented ‘in part at the meeting of the Pennsylvania Academy of Ophthalmology and Oto- 
laryngology, Bedford Springs, Pennsylvania, May 20, 1977. 
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Fig. l. The tumor is composed of cells 
with round to oval nuclei. Mitotic figures 
are prominent. (H & E, x830) 
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sections were stained with hematoxylin and 
eosin, Hamperl-Masson stain for argentaffin 
granules, and the Sevier-Munger stain for 
argyrophilia. 

Tissue for electron microscopical study was 
obtained from the biopsy specimen. This ma- 
terial was fixed in 4% gluteraldehyde. The tis- 
sue was postfixed in osmium tetroxide, stained 
with uranyl acetate, and embedded in a mix- 
ture of resins (Epon® 812) after dehydration 
in graded alcohol. Thin sections cut on an 
ultramicrotome were placed on uncoated cop- 
per grids, stained with lead citrate, and exam- 
ined in an electron microscope. 


PATHOLOGIC FINDINGS 


The initial laryngeal biopsy consisted 
of multiple fragments of soft, pale yel- 
low tissue. On histologic examination the 
tumor was composed of irregular nests 
of small cells surrounded by a fibrous 
stroma. Tumor was seen infiltrating the 
overlying squamous mucosa, but the mu- 
cosa showed no evidence of dysplasia. 
The tumor nests were composed of cells 
with round to oval nuclei and scant cy- 
toplasm (Fig. 1). Cytoplasmic borders 
were ill defined and mitotic figures were 
numerous. The nuclei were either hyper- 
chromatic or exhibited fine granular 
chromatin. Nucleoli were not prominent. 
Salivary gland tissue was not demon- 
strated in this biopsy specimen. Argy- 
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Fig. 2. Several tumor cells (arrows) 
contain dark staining cytoplasmic gran- 
ules. (Sevier-Munger, x2,000) 


rophilic oe were seen within some 
tumor cells with the Sevier-Munger stain 
(Fig. 2). While some cells contained nu- 
merous granules, most tumor cells ex- 
hibited either a scant or negative reac- 
tion. The argentaffin stain was negative. 


The ultrastructural studies demon- 
strated tumor cells with irregular nuclei 
and chromatin clumping near the nu- 
clear membrane. The cytoplasm con- 
tained a moderate number of mitochon- 
dria and prominent endoplasmic reticu- 
lum. Scattered through the cytoplasm of 
most cells were spherical granules com- 
posed of an electron-dense core (Fig. 
3). A single limiting membrane was sep- 
arated from the dense core by a clear 
space. These granules measured from 
100-270 nm in diameter. 


The surgically-excised larynx demon- 
strated an intact laryngeal mucosa. A 
depressed area was located 0.9 cm be- 
low the right vocal cord. This area mea- 
sured less than 1 cm in diameter. The 
vocal cords were unremarkable. On sec- 
tioning through the depressed area, a 
yellow-white, relatively — well-demar- 
cated tumor nodule was noted (Fig. 4). 
Histologic examination revealed a tumor 
identical to that seen in the biopsy speci- 
men obtained 12 days earlier. The tu- 
mor was admixed with minor salivary 
glands. The overlying-laryngeal mucosa 
showed no atypia. Portions of thyroid, 
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Fig. 3. Electron-dense granules surrounded by a limiting membrane are seen in the 
cytoplasm of this tumor cell (x30,000). The inset shows a higher magnification of a 
single granule. (x48,000) 


parathyroid, skeletal muscle, and skin 
excised with the laryngectomy specimen 
showed no significant abnormality. Cer- 
vical lymph nodes were not excised. 


An autopsy, metastatic, small cell car- 
cinoma was found bilaterally within cer- 
vical lymph nodes, in the bone marrow, 
spleen, liver, pancreas, adrenals, left 
lobe of thyroid, anterior pituitary and 
ápices of both lungs. Histologically, the 
tumor was identical to that seen in the 
original laryngeal specimen. 


DISCUSSION 


Undifferentiated small cell carcinoma 
of the larynx was first described in 1972 
by Olofsson and von Nostrand.* To date 
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there are five reported cases in the Eng- 
lish literature.’ All five patients were 
in their 60s or 70s. Two of the tumors 
were subglottic masses. One tumor was 
confined to the epiglottis. The other two 
were large, extensive lesions extending 
outside the larynx. 


Oat cell carcinomas have been re- 
ported in many areas of the head and 
neck. Kos et al! described 14 cases aris- 
ing in minor salivary gland tissue of the 
head and neck region including one 
which involved the epiglottis. Cells simi- 
lar to the Kulchitsky cells of the intestin- 
al tract and lung have been described 
in human salivary glands as well as in 
the salivary glands of dogs and rats.** 


A 


SMALL CELL LARYNGEAL CANCER TTA 





Fig. 4. Whole mount from the right 
side of the larynx shows the subglottic 
tumor (short arrows). The ventricle and 
vocal cords (long arrows) are uninvolved. 
The association of salivary gland and tu- 
mor is seen in the inset. (H & E, x10, 
inset x190) 


The intimate association of our patient's 
tumor with subglottic salivary gland 
tissue suggests a similar origin. 


The histologic and ultrastructural fea- 
tures of this laryngeal tumor, the pres- 
ence of argyrophilic granules and a neg- 
ative argentaffin reaction, all support 
this tumor’s relationship with other fore- 
gut carcinoids. As such, it appears that 
this is another malignant neoplasm re- 
lated to the amine precursor uptake and 
decarboxvlation (APUD) system. 
While many authors have accepted the 
hypothesis of a common precursor cell 
for carcinoids and oat cell carcinomas,’ 
a recent epidemiologic study of pul- 
monary carcinoids and oat cell carci- 
nomas'? argues against this concept. 


An understanding of the natural his- 
tory of laryngeal oat cell carcinoma has 
been limited by the infrequency of this 
tumor. The clinical course of our patient 
suggests that laryngeal oat cell carcino- 
ma is as aggressive as the more familiar 
pulmonary tumor. Early metastasis miti- 
gates against tumor extirpation bv local- 
lv aggressive measures. Combination 
chemotherapy and radiation therapy has 
improved the survival of patients with 
bronchogenic oat cell carcinoma over ra- 
diation therapy alone.'* Since laryngeal 
and bronchogenic oat cell carcinomas 
appear to arise from the same cell. it 
would be reasonable for them to exhibit 
similar clinical behavior. Of the five pre- 
viously published cases, three were dead 
of their disease in less than one year 
(two were treated with surgery and ir- 
radiation, one with only surgery).'? 
One patient had extensive neck disease 
at the time of initial surgery® and one 
was alive and well 2% vears after sur- 
gery and irradiation.t With our current 
knowledge of the metastatic potential of 
laryngeal oat cell carcinoma, a combina- 
tion of chemotherapy, irradiation and 
surgery should be considered in the ini- 
tial treatment of future patients. 
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LURIE LIBRARY FUND 


Many inquiries have been made about a memorial fund to which friends and colleagues 
of Dr. Moses Hyman Lurie could contribute. Shortly before his death Dr. Lurie established a 
modest fund for the purchase of books in Otolaryngology for the Library at the Massachussetts 
Eye and Ear Infirmary. The Library Committee of the Infirmary has verified that donations 
can be made in memory of Dr. Lurie to this fund. Contributions may be sent to the “Lurie 
Library Fund," in care of Mr. Charles Snyder, Librarian, Massachusetts Eye and Ear Infirmary, 
243 Charles St., Boston, MA 02114. 
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INTERNATIONAL SYMPOSIUM 
PATHOGENESIS, DIAGNOSIS AND TREATMENT OF MENIERE’S DISEASE 


Symposium will be held May 12-14, 1980 in Duesseldorf, Germany. Faculty will include 
internationally known basic scientists and clinicians. Limited number of free papers will be ac- 
cepted for presentation. Inquiries may be sent to Dr. Claus Morgenstern, HNO Klinik, Uni- 
versity of Duesseldorf, Germany or Dr. E. K. Juhn, Dept. of Otolaryngology, University of 
Minnesota, USA. 
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ABSENCE OF OTOCONIA IN A HUMAN INFANT 


CuanLEes G. Wricut, PhD 
Davi» G. Hussard, MD 


DALLAS, TEXAS 


J. Watiace GnanaM, MD 


Temporal bone specimens were obtained at autopsy from a six-week-old victim of sudden 
infant death syndrome. The inner ears were microdissected and studied by a combination of 
light and scanning electron microscopy. Otoconia were completely absent from the sensory or- 
gans of the saccule and utricle on both sides. However, the gelatinous otoconial membranes, 
neuroepithelia, and innervation were normal. In parallel with unusually light pigmentation of the 
skin in this Negro infant, relatively few melanocytes were found in the membranous walls of 
the saccule and utricle. No abnormalities were present in other inner ear structures. This 
anomaly, which we believe was congenital in nature, is strikingly similar to a genetically de- 


termined inner ear defect which has been extensively studied in experimental animals. 


The otoconial membranes, which 
cover the sensory epithelia of the saccule 
and utricle, consist of sheets of gelatin- 
ous material encrusted with calcium car- 
bonate crystals called otoconia.’ Rela- 
tively little is known regarding specific 
pathology of these structures in disease 
processes affecting the human inner ear. 


However, degeneration of otoconial 
crystals has been demonstrated in as- 
sociation with aging?? and recently ac- 
quired evidence suggests that otoconia 
may undergo pathological changes in 
some cases of otitis media.* 


Genetic abnormalities which alter pig- 
mentation and prevent formation of oto- 
conia have been studied in experimental 
animals." When such defects are fully 
penetrant, otoconia are entirely absent, 
even though the neuroepithelia and 
gelatinous otoconial membranes are 
anatomically normal. 


An apparent parallel to these congeni- 
tal otolith defects in animals was found 
in the human case described here. In this 
infant, all inner ear structures were nor- 
mal except for the complete bilateral 
absence of otoconia. The case was 1 of 
114 individuals included in an investi- 
gation of the anatomy, development, 
and pathology of the vestibular static 
organs in man. 


CASE REPORT 


The six-week-old Negro male studied 
was a victim of sudden infant death syn- 
drome. At autopsy the body was found 
to be well developed and apparently 
normal. The infant's hair was black and 
his eyes were dark. However, the skin 
was lightly pigmented, much like that of 
a typical Caucasian. No cause of death 
could be established following a com- 
plete gross and microscopic examination. 


The infant had been delivered by 
caesarean section after a normal first 
pregnancy of 40 weeks' duration. The 
Apgar score was 9/9 and the postnatal 
hospital course was uncomplicated. Both 
parents were normal, healthy Negroes 
with darkly pigmented skin. There was 
no previous incidence of abnormally 
light pigmentation in either the maternal 
or paternal family members. 


Temporal bone specimens were taken 
at the time of autopsy with a Stryker 
bone-plug cutter. During preliminary 
dissection, both middle ears were found 
to be normal and free of infection. The 
membranous labyrinths were fixed and 
stained by perilymphatic perfusion with 
1% veronal-buffered osmium tetroxide 
(pH 7.4); postmortem time before fix- 
ation was less than six hours. The inner 
ears were studied by the microdissection 
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Fig. l. A) Normal crystalline otoconial membrane covering utricular macula of a 
12-week-old infant. B) Right utricular macula, devoid of otoconia, from the case de- 
scribed in this report. The darkly stained myelinated innervation is visible beneath the 


neuroepithelium. 


technique as described by Hawkins and 
Johnsson.’ No abnormalities were found 
in the semicircular canals, cristae, or 
cochlear structures. 


Light Microscopic Observations. Be- 
fore fixation, the contents of both ves- 
tibules were examined through the open 
oval windows with the aid of an oper- 
ating microscope; no evidence of oto- 
conia could be seen in the saccule or 
utricle of either ear. 


Further dissection confirmed the bi- 
lateral absence of otoconia. The surface 
of the right utricular macula is shown in 
Figure 1 where it is compared with a 
specimen from another infant in whom 
the otoconia were normal. Though de- 
void of crystals, the gelatinous portions 
of the otoconial membranes were intact 
and in place over the neuroepithelia. 
Numerous tiny perforations in the gela- 
tinous layer were discernable’ in a 
band-like region overlying the striola of 
each macula. A normal pattern of my- 
elinated nerve fibers was visible beneath 


the saccular and utricular neuroepithelia 
of both labyrinths. 


The gelatinous otoconial membrane of 
the left saccule was carefully dissected 
free and studied by phase-contrast mi- 
croscopy. No birefringent particles 
could be seen on its surface. The fibrous 
structure of this membrane is apparent 
in Figure 2. Examination of a whole- 
mount preparation of the saccular 
macula clearly showed kino- and stereo- 
cilia projecting from the sensory cells. 


In parallel with the unusually light 


pigmentation of the skin in this infant, 
melanocytes were found to be sparsely 
scattered in the membranous walls of the 
saccule and utricle. Compared to other 
infants, the number of melanocytes was 
similar to that usually found in the Cau- 
casian labyrinth and markedly less than 
normally seen in Negroes. However, the 
distribution of pigment cells was in ac- 
cord with that described for man by La- 
Ferriere et al? 


Electron Microscopic Observations. 
For scanning electron microscopic 
(SEM) study a JEOL model 35 micro- 
scope operated at 15 kV was used. Spec- 
imens were prepared by graded dehy- 
dration in ethyl alcohol, critical-point 
dried, and sputter coated with gold- 
paladium. 
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Fig. 2. Light micrograph of left sac- 
cular otoconial membrane showing fibrous 
structure of gelatinous layer and absence 
of crystals. 
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Fig. 3. Scanning electron micrographs showing gelatinous layer of right utricular 
otoconial membrane. A) Low power view near anterior end of macula; note surface of 
neuroepithelium visible at lower right. B) Central area of membrane in striola region. 
C) Higher-magnification view of openings in the gelatinous layer over the striola. D) 
Surface of gelatinous layer in the lateral portion of the membrane. 


Figure 3 shows photomicrographs of 
the gelatinous otoconial membrane cov- 
ering the right utricular macula. A por- 
tion of the neuroepithelium, which ap- 
peared to be normal, can be seen at 
lower right in Figure 3A. Micrographs 
B and C in Figure3 show openings along 
the narrow band first described by Wer- 
ner’? in experimental animals. This high- 
ly perforated region, which is present in 
both saccular and utricular otoconial 
membranes, directly overlies the special- 
ized portion of the ro hob 
known as the striola.1 An area typical 
of the lateral part of the utricular gelat- 
inous membrane, outside the striola re- 
gion, is shown in Figure 3D. A careful 
survey of the otoconial membranes on 
both utricular maculae revealed no oto- 
conial crystals. 


A scanning micrograph of the right 
saccular otoconial membrane showing its 
delicate fibrous network is presented in 
Figure 4. 


The left saccular macula, which had 
previously been studied by phase-con- 
trast light microscopy was demounted 
from glycerol and. prepared for SEM 
examination. All areas of the saccular 
neuroepithelium appeared normal. Ster- 
eocilia bundles from this specimen are 
shown in Figure 5. 


DISCUSSION 


The absence of otoconia in this case 
cannot be attributed to fixation artifact 
or to long storage in alcohol, nor is the 
condition likely to be the result of post- 
mortem autolysis. The absence of crys- 
tals was noted at the time of fixation 
and the postmortem interval before fix- 
ation was relatively short. We have stud- 
ied temporal bones.from 114 individuals, 
with specific emphasis on the vestibular 
end-organs. Particular attention has 
been focused upon the anatomy, devel- 
opment, and pathology of the otoconial 
membranes.*'! There is wide variation 
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Fig. 4. Surface of anterior portion of 
right saccular otoconial membrane. 


in the material with regard to age at 
death, premortem pathology, and post- 
mortem time before fixation. An anoma- 
ly comparable to that described above 
has not been seen in any of our previous 
specimens. It seems equally unlikely 
that the defect represents a delay in 
normal development since otoconia are 
known to be formed by the 10th to 
19th week of gestation in man.” 


No evidence of pathology potentially 
responsible for dissolution of otoconia 
was present in these specimens. Previous 
scanning electron microscopic studies??? 
have demonstrated that when otoconia 
undergo demineralization in vivo or 
when they degenerate due to patho- 
logical processes, residual organic ma- 
terial or crystalline fragments remain 
behind to mark their former presence. 
Careful SEM study revealed no material 
suggesting the previous existence of oto- 
conia on the gelatinous membranes cov- 
ering the macular receptors. 


Otoconial crystals contain an organic 
matrix!?'^ which remains even after the 
calcium carbonate mineral substance is 
experimentally dissolved with acids. In 
agreement with the observations of 
Lim,'5 we have found abundant particu- 
late material on human otoconial mem- 
branes treated with hydrochloric acid. 
The organic material left after acid 
treatment has an appearance unlike any- 
thing found on the specimens illustrated 
in this report. 
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Fig. 5. Stereocilia projecting from re- 
ceptor cells of left saccular macula. 


These findings lead us to believe that 
the lack of otoconia in the present case 
was a congenital, rather than acquired, 
defect. 


The abnormality we studied is, from 
an anatomical viewpoint, strikingly 
similar to that found in the pallid mu- 
tant mouse in which otoconia are con- 
genitally absent." As in the human 
case, the neuroepithelia, innervation, 
and gelatinous otoconial membranes are 
normal in these animals. In addition, 
pigmentation is altered so that coat color 
is reduced from black to a pale gray and 
the eyes are pink. Few, if any, melano- 
cytes are present in the membranous 
labyrinths of the mice. Erway et al^ 
have speculated that the absence of 
pigment cells reduces the availability of 
the element manganese which is essen- 
tial for formation of the organic matrix 
incorporated within the otoconia. This 
consideration brings to mind the re- 
duced pigmentation noted in the infant 
described above. However, the number 
of melanocytes present in the walls of 
the membranous labyrinth was about 
equal to that usually seen in Caucasians 
with normal ears. It therefore seems un- 
likely that the relative reduction in the 
melanocyte population was, by itself, 
sufficient to account for the absence of 
otoconia. 


In mice, the pallid condition is gen- 
etically transmitted as a recessive trait; 
so that only individuals homozygous 
for the pallid gene show the defect. The 
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question of possible genetic etiology in 
the present case must remain open since 
no evidence for ear defects or pigmenta- 
tion anomalies in other family members 
was found in the case history. 


Whatever the etiological mechanism, 
the case presented here does provide 
evidence that an inner ear defect exactly 
paralleling that found in the mutant 
mice can occur in human beings. 
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ASSOCIATION FOR RESEACH IN OTOLARYNGOLOGY 
MID-WINTER MEETING 


ARO Mid-Winter meeting will be held January 21-23, 1980, in St. Petersburg, Florida, at 
the Happy Dolphin Inn (800-237-8916). In addition to free paper sessions, three special sym- 
posia on the auditory, the vestibulo-spinal, and the vestibulo-ocular systems will be held. A 
grant workshop will take place prior to the meeting on January 20, 1980. For further infor- 
mation contact Dr. J. M. Miller, Secretary-Treasurer (206-543-5326). 
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CHEVALIER JACKSON LECTURE 
PEDIATRIC LARYNGOBRONCHOESOPHAGOLOGY 


GannrEL F. Tucker, JR., MD 


CHICAGO, ILLINOIS 


The Jackson heritage in Pediatric Laryngobronchoesophagology is briefly outlined. It has 
been precisely 25 years since the author completed his pediatric endoscopic residency. With the 
aid of references to the scientific papers presented at the meetings of the American Broncho- 
Esophagological Association, the evolution of a number of facets of present day Laryngobroncho- 
esophagology have been delineated over the intervening quarter century. 


I have chosen the title “Pediatric 
Laryngobronchoesophagology" to em- 
phasize the unity of the anatomy, patho- 
physiology and thus the symptoma- 
tology of pathology in the major air and 
food passages in the pediatric popula- 
tion. Negus, in his classic work The Me- 
chanism of the Larynx! pointed out the 
functional interdependence of the larynx, 
esophagus and tracheobronchial tree. 


We do, indeed, realize that gastro- 
esophageal reflux? can lead to respira- 
tory arrest and even death. It is also 
realized that anatomical laryngeal in- 
competence in the laryngotracheoeso- 
phageal cleft** or physiological laryn- 
geal malfunction* seen in bulbar palsy, 
bilateral vocal cord paralysis? or the 
short-circuiting of the "switch valve" by 
a tracheoesophageal fistula" present as 
bronchoesophagological symptomalogy. 


Chevalier Jackson limited his practice 
to laryngology and bronchoesophagolo- 
gy when he came to Philadelphia in 
1917 as head, simultaneously, of depart- 
ments at Jefferson and the University of 
Pennsylvania. The Jackson Clinics at 
“Penn,” “Jeff” and later Temple, all in- 
cluded pediatric peroral endoscopy as 
part of their responsibility. In the mid- 
1920s Gabriel Tucker, Sr. founded a 
Bronchoscopic Clinic at the Children’s 
Hospital of Philadelphia; it was main- 
tained as a separate entity by his succes- 
sor, Joseph Atkins, Sr. Dr. Emily van 
Loon was associated with Dr. Jackson at 


Temple and was also professor of oto- 
laryngology at the Women's Medical 
College (now the Medical College of 
Pennsylvania); Dr. van Loon also di- 
rected the endoscopic facility at St. 
Christophers now Temple’s Pediatric 
Department. Dr. Charles Norris suc- 
ceeded Chevalier L. Jackson as 
head of the Chevalier Jackson Clin- 
ic. He directed the pediatric as- 
pects of the clinic until 1965 when they 
were transferred to me as Dr. van Loon's 
successor at St. Christophers. Dr. 
Paul Holinger was trained by the Jack- 
sons, father and son. In addition to his 
leadership at the University of Illinois 
and St. Luke's Hospital, he founded with 
the financial assistance of the family of 
Henry Shedd Wells a division of Bron- 
chology at the Childrens Memorial 
Hospital. All the pediatric services men- 
tioned were thus founded by otolaryn- 
gologists whose prime interest was bron- 
choesophagology, both adult and pedia- 
tric. With the expansion of the full-time 
concept these pediatric endoscopic clin- 
ics are now the responsibility of various 
full-time pediatric otolaryngologists in 
the several institutions. 


I have traced the direct Jacksonian 
heritage in Pediatric Laryngobroncho- 
esophagology to emphasize the influence 
of Chevalier Jackson and his protégés 
and also the concurrent influence of the 
evolution of medical and teaching prac- 
tice as we know it today. I can speak 
with more certainty of the quarter cen- 
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tury most recently passed since I com- 
pleted my rotation on the Bronchoeso- 
phagology Service at the Children's 
Hospital of Philadelphia under the di- 
rection of Dr. Joseph P. Atkins on March 
31, 1954. In this quarter century much 
of pediatric peroral endoscopy has 
changed. A very important core also per- 
sists from the work of Chevalier Jackson 
to the present day. The American 
Bronchoscopic Society, founded by 
Chevalier Jackson in 1917 and renamed 
the American Broncho-Esophagological 
Association (ABEA) in 1940, has been 
the principal forum for the presentation 
and discussion of peroral endoscopic 
problems. Its Transactions, as the writ- 
ten testament of these proceedings, has 
been the mainstay of our endoscopic his- 
tory. Indeed, our Transactions contain 
almost everything of pediatric endo- 
scopic significance in the past quarter 
century. 


With the aid of references to the 
scientific papers presented at the meet- 
ings of the ABEA, the evolution of a 
number of the facets of present day 
peroral endoscopy may be traced; ie, 
instrumentation, anesthesia, pharmaco- 
logic aids, iatrogenic problems, foreign 
bodies, caustic agents, along with the 
variety of comments and discussions; all 
of which add up to a most constructive 
dialogue. 


INSTRUMENTARIUM 


Twenty-five years ago the pediatric 
endoscopic instrumentarium was that of 
Jackson, Tucker, Sr.,*" and Holinger.'^ 
'These endoscopes were distally lighted 
by miniature bulbs. There was a side 
arm for the insufflation of oxygen, but 
no provision for anesthesia. The smallest 
available telescope was 3.5 mm x 35 cm 
for use through a 4 mm x 30 cm broncho- 
scope. 


Broyles;!? in his acceptance of the 
ABEA Chevalier Jackson Award for 
1963, demonstrated the application of 
fiber illumination to bronchoscopy and 
nasopharyngoscopy. Two years later, 
Holinger presented to the Associa- 
tion a series of scopes in which the fiber 
carrier was made with an elliptical cross 
section to minimize its impingement on 
the working lumen of the instrument. 


Incorporated in this design was also the. 
provision for the delivery of gaseous 
anesthetic through a large side arm, the 
open tube being sealed by a removable 
glass window plug. Visualization could 
be supplemented by the use of a prox- 
imal viewing “gunsight telescope." The 
Holinger type elliptical bundle has been 
incorporated in a series of side slide 
laryngoscopes'* in 8, 9, 10.5, and 12 cm 
lengths for pediatric use. In an attempt 
to permit ventilation without a window 
plug and thus permit forceps introduc- 
tion, the Holinger bronchoscope has been 
modified'* to permit the use of a San- 
ders ventilating attachment. In 1972, 
Holinger and Brubaker'* presented to 
the association the method of still and 
motion picture photography of the 
tracheobronchial tree using endoscopic 
telescopes. Ward et al? described the 
Hopkins rod lens system in 1974; at the 
same meeting Rayl and Rourke'* showed 
dramatically the application of col- 
or television to adult endoscopy. Much 
of this was beautifully summarized in 
last years Jackson lecture by Berci? 
Two years ago, Fearon’? reported a se- 
ries of tracheoscopes especially usefulfor 
dilatation and the removal of subglottic 
papillomas, granulomas, etc, under gen- 
eral anesthesia. 


In an attempt to wed the advantages 
of the Storz-Hopkins optics to the Hol- 
inger-Pilling bronchoscopes and Fearon 
tracheoscopes, Pilling has shortened 
their barrels and fitted the proximal 
ends with a lock to accommodate the 
20 cm Storz telescope. The small Storz 
telescope (OD 2.8 mm) causes minimal 
obstruction to an airflow even if the in- 
fant is as small as 2,000 gm if it is used 
“unsheathed” to study the contours of 
the trachea and major bronchi. With 
skilled anesthesiological collaboration 
general anesthesia is induced and car- 
ried down to a plane where the patient 
is still breathing spontaneously. Xylo- 
caine® is instilled topically through a 
laryngoscope, the blade of which is in 
the vallecula. This technique is most use- 
ful when checking for extrarespiratory 
vascular compressions of the type found 
in the aberrant innominate artery. 


The aberrant innominate artery was 
first described to the ABEA audience 
25 years ago by the 1979 Guest of Hon- 
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or, Charles Ferguson, in a paper by him 
and C. G. Flake.?! Fearon and Short- 
reed”? emphasized the danger of the as- 
sociated syndrome of apnea. It is 
agreed that the diagnostic method of 
choice in this problem is endoscopic.?* 


A somewhat similar vascular anomaly, 
in that it has associated with it com- 
promising bronchial anomalies, is the 
pulmonary artery sling.?>?° Angiocardi- 
ography with biplane image intensifica- 
tion fluoroscopy?^?* is also useful in 
delineating this vascular anomaly. Ac- 
cessibility to such equipment may also 
simplify the management of foreign 
body problems; xeroradiography?' has 
also been noted. 


The management of some of the ra- 
dioopaque foreign body problems with 
bronchography in infants using image 
intensification®® take us away from the 
necessity which we had 25 years ago of 
doing a bronchogram"?*?! in a darkened, 
dark-adapted room, of trying to give 
anesthesia sometimes in a room which 
had only a red-shielded flashlight — a 
most risky procedure. 


In addition to the above open tube 
advances we have been privileged in re- 
cent years to hear of fiberoptic develop- 
ments** which are approaching the pedi- 
atric age group of patients. From 1976 
to 1978 Silberman and John Tucker, 
working with the Machida Company, 
have shown first a flexible fiber naso- 
pharyngolaryngoscope and, at the last 
ABEA meeting, incorporated a working 
channel suggesting the instrument might 
be useful for larger children.** In 1977, 
Wood and Fink?* described the applica- 
tion of the flexible fiberscopes to in- 
fants and children before the World 
Conference on Bronchoscopy. Dr. Ono, 
in his Jackson lecture is 1971°* described 
the use of the operating microscope? 
for the removal of vocal nodules in chil- 
dren. Through the operating microscope, 


the laser has been a landmark advance 


which was noted in the presentation 
by the ABEA of the Chevalier Jackson 
Award to Dr. Stuart Strong.**%9 Al- 
though this methodology was originally 
introduced for the treatment of laryn- 
geal papillomas,*? other physical meth- 
ods have been noted including cryo- 
surgery* and the proscription against 
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the use of radiotherapy." In 1975 
Quick et al** presented the application 
of the transfer factor in the treatment 
of this most difficult problem. 


Instrumentation for foreign body re- 
moval has changed somewhat. We 
should note Pressman's landmark film? 
in 1967 which was directly sponsored 
by this association and explained in 
great detail the basic principles of ac- 
tion of the Jackson cannulated foreign 
body forceps. Misapplication of these 
forceps or the misunderstanding as to 
their proper handling has resulted in 
some preference for the use of the center 
action forceps‘? although it has a less 
delicate tactile feel and does not carry 
with it the problems of relative motion 
of the blades on the proximal-distal axis. 
Use of the flexible foreign body forceps 
has been described by Marsh.“ A re- 
cent panel‘: decried a number of less 
acceptable methods of foreign body re- 
moval such as the blind use of Foley 
catheters, etc. 


Our foreign body committee over the 
years has interdicted against the use or 
hasty application of emergency meth- 
ods*?,5o a foreign body removal if the 
patient is already moving air. Dr. Heim- 
lich has made, in that regard, a great 
contribution in that he pointed out, I 
think for the first time, that the choking 
patient is silent. To choke has colloquial- 
ly meant for so long that somebody was 
coughing or wheezing. They may be un- 
happy but they are moving air, And 
again, the practical point here is that the 
time for application of emergency mea- 
sures is when the patient is not moving 
air. 


While the coin continues to be our 
most common pediatric foreign body, 
modern technology has produced minia- 
ture batteries, one of which proved 
fatal. This was described to the 1977 
ABEA audience." Two recent pa- 
pers?^** have described the problem of 
foreign bodies which have migrated be- 
neath the mucosa. It should also be 
noted that some of the newer method- 
ologies,"^ ie, such things as the tear tabs 
from the tops of beer cans, were cer- 
tainly not part of our problems 25 years 
ago. 
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ANESTHESIOLOGY 


The inclusion of the anesthesiologist 
as a regular member of the pediatric 
endoscopic team is now an accom- 
plished fact. Over the same 25-year span 
we can note, however, that in 1955 the 
idea of general anesthesia was decried 
by our senior pediatric bronchologists.^" 
Holingers adaptation of the Jackson 
bronchoscope for the administration of 
general anesthesia has already been 
noted; Morse and Hartman? first men- 
tioned the apneac technique to the 
ABEA audience in 1966 and a major re- 
view of anesthesiological collaboration 
was presented in 1969.""** Since then 
there have been a number of technical 
improvements including those re- 
ported by Carden,*^ Norton et al," and 
Norton and deVos.** While it is true that 
an anesthesiological colleague cannot 
make up for deficiencies in the endo- 
scopists instrumentarium or training, I 
am confident that by true understanding 
of each other's role in the real collabora- 
tion between the anesthesiologist and the 
peroral endoscopist, the pediatric pa- 
tient is best served. 


We have seen a great change in anes- 
thetic agents. Ether was the standby for 
so long; halothane has come. It brings 
with it little risk to our patients; a sig- 
nificant risk to the anesthetic operator, 
however. I think one of the superb re- 
cent examples was the use of ketamine 
which had been interdicted for respira- 
tory problems. Yet we have, on our anes- 
thesiological staff in Chicago, one man 
who can handle this agent very well and 
combining it with sufficient local anes- 
thesia and with a very selected team, I 
feel that because of its preservation of 
physiological respiration, that in the 
proper hands it may provide an ap- 
proach to some of the bronchial foreign 
body problems. 


ESOPHAGOLOGY 


Three reviews of special note are 
those by Fearon,? Atkins,” and Fergu- 
son’? on the problems of benign esopha- 
geal disease? in infants and children. 
The surgery of congenital tracheoeso- 
phageal fistula also led to papers on 
postsurgical problems and their cor- 
rection.'*"* There have been papers on 


787 


isolated esophageal entities such as pa- 
pillomatosis,? the injection of varices,”° 
cricopharyngeal acalasias and an interest- 
ing paper with psychological overtones 
on traumatically acquired conditioned 
dysphagia.” However, the greatest pedi- 
atric esophagological import still seems 
to lie in the problem of caustic trauma 
to the esophagus.'*-*? The treatment of 
acute caustic ingestion has been radical- 
ly changed by the availability of steroids 
to suppress scar formation. This was first 
mentioned to us by Yarrington et al.*' 
Eleven years ago, Paul Holinger," in 
his Jackson lecture, spelled out in great 
detail the management of esophageal 
lesions caused by chemical burns. This 
routine has stood the test of time and is 
essentially very little changed in our 
present practice at the Children's Me- 
morial Hospital. More recent work has 
been associated with some of the newer, 
heavier caustic agents and their ability 
to produce serious esophagogastric com- 
plications in children. Indeed, it has 
been suggested?? that agents such as 
Liquid-plumr? and Plunge® may run 
such a high risk of perforation that the 
use of steroids is contraindicated and 
resectional surgery is the treatment of 
choice?* for such overwhelming burns. 
Another new agent reported to the As- 
sociation is the problem caused by den- 
ture cleanser. The effect of chlorine 
bleach*?*! continues to be somewhat 
controversial in that some people feel 
that it is safe not to include such agents 
in the usual caustic routine. 


Since Dr. Jackson's efforts in the pas- 
sage of the caustic substances labeling 
act, the current Food and Drug Admin- 
istration has done much for safety tops 
and containers. I think one of the things 
that has really done something to shake 
up the manufacturers has been the con- 
cept of product liability where the man- 
ufacturer of a caustic has been sued by 
the parent of the child who has ingested 
that substance. 


The treatment of formed stenosis was 
reviewed with special reference to retro- 
grade dilatation five years ago.** Radio- 
logical assistance in the passage of a 
string by the use of image intensifica- 
tion and angiographic wire guides has 
been of benefit in those cases who need 
retrograde treatment? The Maloney 
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tapered bougie first presented by the 
late Walter Maloney in 1960°° has cer- 
tainly stood the test of time; his use of 
steroid injection?! of strictures is still of 
interest. 


LARYNGOTRACHEAL AIRWAY OBSTRUCTION 


This quarter century has seen a clari- 
fication of our thinking on croup. Supra- 
glottitis or acute epiglottitis is now es- 
tablished as a definite entity with symp- 
tomatology which is much more hypo- 
pharyngeal than laryngeal.? Cohen and 
Chai's'* monumental study covering the 
25-year period of treatment of epiglot- 
titis with tracheotomy speaks as a testa- 
ment to the value and low morbidity of 
tracheotomy properly performed. Use 
of intubation for supraglottic laryngitis 
has acquired great acceptance." The 
complications of intubation,"-** espe- 
cially in the neonatal period, continue 
to provide possibly the greatest single 
problem which the pediatric endoscopist 
faces today: that of acquired subglottic 
stenosis.?-?* The work of Calcaterra 
et al'° in 1974 has provided some basis 
for later surgical attacks on subglottic 
stenosis.'^* This period has also seen the 
description of newer forms of trauma 
such as that due to minibikes.'^* The 
treatment of congenital subglottic he- 
mangiomas'°*'°7 stil provokes discus- 
sion although the initially proposed ra- 
diotherapeutic approach seems less pop- 
ular, Pediatric tracheotomy!*^ and de- 
cannulation problems'®*"" are still with 
us;"* of recent interest is a technique 
” permanent tracheostomy?'? in the in- 
ant. 


BRONCHOLOGIC PROBLEMS 


The place of bronchoscopy in the 
treatment of cystic fibrosis has varied 
considerably from one institution to an- 
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other.''^!'* Two years ago Mary Ellen 
Avery's"* Jackson lecture summarized 
the research efforts which have been 
made in the treatment of newborn re- 
spiratory distress problems."'? Infectious 
problems are seldom mentioned in the 
ABEA Transactions during the last 
quarter century. Daly' reviewed his 
extensive experience with pulmonary 
tuberculosis; appearance of coccidioido- 
mycosis in the larynx was reported by 
Ward et al. A number of unusual con- 
ditions'?^**? have been brought to light 
including such rarities as congenital my- 
asthenia gravis,'*! and bronchobiliary 
fistula.'?? 


A quotation from Louis Clerf's Presi- 
dential Address in 1932 might be ap- 
propriate here. “When looking backward 
one does not always view the march of 
progress. The lack of progress of the 
Chinese is said to be the result of looking 
backward, the worship of their ancestors. 
We should always look forward, ever 
remembering, however, that the past 
holds the experiences wh'ch have given 
us the present and which may aid in 
building for the future.”!33 


Left for the future are a number of 
unanswered questions: How far will 
technological progress permit us to carry 
our ability to look safely into the smaller 
airways of ever smaller infants? Indeed, 
the calendaring of the development of 
the larynx and tracheobronchial tree of 
the small infant and child has only been 
vaguely outlined. In closing, one must 
acknowledge the contributions of the 
Jacksons, father and son, Clerf, Tucker, 
Sr, Atkins and Paul Holinger. In this 
same bibliography are many people still 
actively with us whose contributions 
have been outstanding including Charles 
Ferguson, Blair Fearon, and Seymour 
Cohen. 
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RELEARNING THE SWALLOWING PROCESS 


Henry J. Heriicu, MD, FACS 
TERENCE W. O'Connor, MBBS, FRCS 


CINCINNATI, Orio 


Three patients were encountered who had physical defects that prevented them from swal- 
lowing food. They had received nourishment for a long period of time by means of tube feed- 
ings, gastrostomy in two cases and nasogastric tube in the third. Following surgical correction 
of the physical problems, they were still unable to swallow food. It was conceived that they had 
forgotten how to swallow. A program to enable them to relearn the technique of swallowing 
was established, similar to that used in premature infants. The three patients were successfully 
rehabilitated, able to eat a regular diet. The method is being evaluated in stroke patients who 
have lost the ability to swallow food and saliva. 


Swallowing is initially a voluntary 
process, then rapidly becomes a complex 
and essentially automatic performance. 
It is understandable, therefore, that pa- 
tients who have prolonged abstinence 
from oral intake will sometimes lose the 
art of swallowing. A method for re- 
teaching the swallowing process has 
been developed, utilizing principles of 
muscle reeducation, and stressing the 
role of oropharyngeal development and 
reflex behavior. 


Three patients came to our attention 
who had physical defects that had pre- 
vented them from taking food orally 
from 18 months to 28 years. Two of 
them had been fed via tube gastrosto- 
mies, while the third fed himself via a 
self-inserted nasogastric tube (NGT). 
Following surgical correction of their 
physical problems, all three were still 
unable to swallow food. 


In the first patient, the problem was 
not initially appreciated, and it was felt 
there was a mechanical, postsurgical de- 
ficiency. Studies, however, demonstrated 
no mechanical obstruction, but oro- 
pharyngeal and gastrointestinal patency. 
These examinations included observing 
the barium swallow x-rays, which 
showed some passive flow, endoscopy 
and the passage of esophageal bougies. 
It appeared that the patient had lost the 
intuitive, semiautomatic ability to swal- 
low. The concept was then considered 
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that the patient had forgotten how to 
swallow, had lost muscle tone in the oro- 
pharynx, or had been expectorating sa- 
liva for so many years that he could not 
reverse the process without reeducation. 
A feeding training program was then de- 
vised, in the hope of reestablishing the 
normal swallowing process. 


METHODS AND MATERIALS 


The principles utilized are twofold: 1) The 
method for developing sucking in premature 
infants is the starting point in relearning the 
swallowing process. Using principles of mus- 
cle reeducation, the patient is retaught, in a 
stepwise fashion, the pathways of oropharyn- 
geal development. 2) A mechanical means, 
using a plastic tube, is employed in order to 
ensure wide open patency of the swallowing 
pathways. This leads to diminished resistance, 
and creates the sensation of passage of swal- 
lowed material, essential to the relearning pro- 
cess. 


The patient’s gloved index finger is placed 
in the instructor’s mouth, simultaneously plac- 
ing the patient's other hand against the in- 
structor’s upper throat and chin. The patient 
experiences the sensation of the instructor 
sucking on his finger, at the same time feel- 
ing the movement and subsequent swallow- 
ing in the therapist’s neck. The patient then 
inserts his finger in his own mouth and imi- 
tates the sucking sensation on his finger. At 
the same time he places his other hand on his 
own upper neck and duplicates the swallow- 
ing motion. 

When the sucking process is learned, a spe- 
cially designed plastic tube of the Mackler 
type, is placed in the upper esophagus, The 
tube is of soft red plastic, flared at its proxi- 
mal end. This flared section sits above the 
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cricopharyngeus, allowing free access of saliva 
to the upper esophagus. The sucking process 
is then repeated, with the tube in m^ The 
patient gradually progresses to liquids. When 
the ability to swallow is mastered, the tube is 
removed, and instruction continues until a 
normal diet can be taken. 


Various methods were used to place and fix 
the Mackler tube. When a gastrostomy is pres- 
ent, a Levin tube can be passed orally and 
retrieved via the gastrostomy. A No. 1 silk 
thread is then attached to the tip of the Levin 
tube and drawn into the mouth. The thread is 
fixed to the distal end of the flanged tube, and 
the latter gently positioned in the upper esoph- 
agus, withdrawing the thread through the 
gastrostomy and fixing it to the skin with tape 
to prevent upward movement of the tube, The 
upper end of the thread is brought through 
the nostril and taped to the nose. 


As with any such procedure, consideration 
was given to the possibility of perforation of 
the esophagus, or upward or downward dis- 
placement of the prosthesis, but these compli- 
cations were not encountered. 


CASE REPORTS 


Case 1. A 14-year-old Arab boy from Tan- 
giers was first seen in October 1970. At age 
six he had swallowed lye, resulting in total 
laryngeal obstruction, and obstruction of the 
pharynx and esophagus, from the level of the 
base of the tongue. A permanent tracheostomy 
and gastrostomy had been performed in Mo- 
rocco. Consultations were sought in London 
and Paris, but the damage was considered too 
extensive for repair. 


On admission the child was pale, emaciated 
and unable to speak or eat. Saliva was expec- 
torated into a cup every 15 minutes during 
the day, and at night, drooled out onto his 
pillow. This had been his lifestyle for the pre- 
ceding eight years. All feeding was via the 
tube gastrostomy. A finger introduced into 
the mouth, encountered obstruction at the base 
of the tongue. 


On October 19, 1970, total esophageal re- 

lacement using a reversed gastric tube 
RCT) was performed and subsequently two 
local revisions of the upper anastomosis were 
required."? At the last procedure, the anasto- 
mosis was taken down, and a large fibrous 
mass, representing the remnant of the hypo- 
pharynx and upper larynx was excised. The 
new "esophagus" was anastomosed to the 
pharynx at the base of the tongue. Cine- 
esophagogram showed excellent patency, but 
the patient remained unable to swallow, with 
discoordinate movements of tongue and phar- 
yngeal muscles. 


The relearning technique, as detailed, was 
carried out, and the patient could swallow food 
normally within two weeks. He was also 
taught to swallow, then expel air, and devel- 
oped “esophageal” speech. He returned to 
Morocco, where he died seven years later from 
unrelated causes. 


Case 2. A 45-year-old male school teacher 
was first seen on February 28, 1972. In 1943, 
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at age 16 years, he had had bulbar polio. Fol- 
lowing his illness he was unable to swallow, 
and it was assumed he had pharyngeal paraly- 
sis. For 28 years, the patient fed himself by 
passing a No. 16 NGT via his right nostril 
prior to each meal. He injected blenderized 
food down the tube, using a 2 oz Asepto® sy- 
ringe. 


Cine-esophagogram demonstrated almost to- 
tal obstruction of the cervical esophagus, at 
the level of the pyriform sinus, with a small 
trickle of barium flowing from the left pyri- 
form sinus, down the tract, through which the 
NGT was passed, into the upper thoracic 
esophagus. An esophagoscope could not be 
passed beyond the upper site of obstruction. 


It was considered that the pharyngeal mu- 
cosa was possibly intact, and that the obstruc- 
tion was due to a cervical esophageal stric- 
ture that had resulted from prolonged naso- 
gastric intubation during his bulbar polio. 


A cervical exploration was carried out on 
March 23, 1972, revealing thick fibrous tissue 
surrounding and constricting the cervical esoph- 
agus. A long incision was made in the scarred 
cervical esophagus permitting the mucosa to 
pout. Postoperative cine-esophagogram re- 
vealed patency from the oropharynx to the 
stomach. Despite correction of the physical 
problem, the patient could not swallow. The 
relearning process, using the method described, 
was begun, and the patient ate his first solid 
meal in 28 years, after a little more than two 
weeks of training. He remains well and swal- 
lows normally, seven years later. 


Case 3. A 16-year-old boy had 1% years 
previously suffered multiple gunshot wounds 
to head, neck, abdomen and chest. Temporary 
paralysis of the recurrent laryngeal nerves oc- 
curred, and the patient was unable to swallow 
without aspirating. Complete loss of speech 
occurred at that time. A tracheostomy and a 
gastrostomy were performed. Partial function 
of the vocal cords returned, and the patient 
could speak with the tracheostomy plugged. 
However, the patient was still unable to swal- 
low. Neurological or organic basis for his prob- 
lem could not be determined. Cricopharyngeal 
myotomy was performed, with no benefit to 
the patient. 


He was first seen by the senior author in 
July 1975. Motility studies and cine-esophago- 
gram were normal. The patient's tongue and 
pharyngeal movements were weak and disco- 
ordinate, and he drooled saliva. The relearning 
method was commenced and the patient was 
eating solids within two weeks. Both gastros- 
tomy and tracheostomy tubes were subsequent- 
ly removed. The patient eats normally and has 
remained well for the past four years. 


DISCUSSION 


The act of swallowing is a complex 
one, comprising the following oral and 
esophageal stages: 1) The tongue push- 
es the bolus into the oropharynx. 2) The 
tongue rises to close the oral cavity. 3) 
The palate rises to close the naso- 
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pharynx. 4) The: larynx elevates and 
moves forward to close the supraglottis 
and open the hypopharynx. 5) The 
pharynx contracts to. propel the bolus 
into the esophagus. 6) The cricopharyn- 
geal sphincter relaxes to receive the 
bolus. 7) Esophageal motility and grav- 
ity propels the bolus toward the stom- 
ach. 8) The gastroesophageal sphincter 
oe as the bolus passes to the stom- 
ach. 


While carrying the masticated food to 
the pharynx, the tongue rises to the hard 
palate, and the soft palate seals off the 
nasopharynx. As the bolus progresses, 
the larynx and epiglottis are pulled up- 
ward by the thyroglossal and mylohyoid 
muscles. The airway is temporarily ob- 
structed while food is propelled by the 
pharyngeal constrictor muscles. The 
sphincter relaxes simultaneously, thus 
permitting food to enter the esophagus, 
and then it contracts vigorously.? 


Although voluntary, striated muscles 
are used in the pharyngeal and oral 
phases, the act is so rapid and compli- 
cated that it is largely automatic. The 
entire pharyngeal phase takes place in 
less than one second.‘ 


Abnormal transport of the bolus 
through the pharynx is best seen on a 
barium cinestudy. One or the other of 
the following may be seen: 


l. Repeated attempts at swallowing, 
before the act is actually carried out. 


2. Sluggish and prolonged propulsion, 
due to the inefficient muscular activity. 


3, Asymmetry, or deviation of the food 
column, on one or the other side. 


4. Pharyngeal stasis and pathological 
outpouching of the pharynx, or dilation 
of the pharyngeal cavity, in the absence 
of distal obstruction. 


5. Pooling of barium in the pharyn- 
geal recesses (valleculae and pyriform 
sinuses). 


Persistence of barium in the pharynx 
after a second swallow should be con- 
sidered abnormal. Liquids cause more 
pooling and misdirected flow, whereas 
viscous materials cause greater difficul- 
ty in transport.* The causes of disorders 
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of swallowing are legion, and it is not 
the purpose of this article to discuss 
them. They are covered in detail else- 
where.’ 


In the three patients presented, three 
different causes for the failure to swal- 
low are described: physical damage to 
the cervical esophagus from prolonged 
nasogastric intubation and resulting 
stricture formation; organic destruction 
of the esophagus, oropharynx and larynx 
due to ingested lye; and traumatic cer- 
vical damage, producing a paralysis of 
the recurrent laryngeal nerves and per- 
haps CNS injury, with loss of ability to 
swallow. 


In each patient, the inability to swal- 
low persisted, despite surgical correc- 
tion of their physical problems. The simi- 
larity of the problem to that of teaching 
premature infants how to swallow was 
appreciated. Mrs. Isabel Weisman, RN, 
a former obstetrical nurse? was familiar 
with techniques utilized in such infants 
and duplicated them in these patients. 
The method of relearning the swallow- 
ing process evolved, based on the oro- 
pharyngeal development of the new- 
born baby. 


In the newborn, the sitting position is 
the most efficient for eating, as forces of 
gravity assist peristalsis. The head is 
held in a neutral position, and the neck 
protected from any marked position of 
extension. Neck extension inhibits, or 
makes difficult, the active muscular 
movements of swallowing. This is evi- 
denced when carrying out motility stud- 
ies. In the flexed, midline position of the 
head, gagging becomes a minimum. Po- 
sition is, therefore, important in the re- 
learning process. 


The following excerpts are taken from 
an article by Ogg:? 


Reflexes of rooting, sucking, swallow- 
ing, and biting are the basic movement 
patterns of feeding during infancy. Vis- 
ual coordination and eye-following are in- 
tegral parts of feeding. When the infant 
visually anticipates movement of a filled 
spoon toward him, he automatically opens 
his mouth to receive it. His response clas- 
sically demonstrates the role of condi- 
tioned reflex activity. After the rooting re- 
flex is elicited, the tongue and lips will 
grasp the nipple, and sucking will be fol- 
lowed by swallowing. The rooting reflex 


*Weisman, Isabel, RN: Personal communication, 
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is elicited by a touch stimulus. Gentle 
tapping or stroking at the corners of the 
mouth will elicit head turning in the di- 
rection of the stimulus. Lip and swallow- 
ing reflexes are elicited by placing a nip- 
ple between the lips and into the routh 
The lips will move involuntarily, as though 
drawn toward the stimulus, with subse- 
quent closure, similar to that of grasping. 
When the mouth has moved close enough 
to the stimulus, the tongue retracts and 
the lips close. Swallowing follows. The 
swallowing reflex is the last of this com- 
plex series of feeding movements. In nor- 
mal development, the sucking-swallowing 
reflex does not persist beyond the first 
year of life, when it is replaced by mature 
swallowing patterns. 


Diminishing resistance to the passage 
of food, by means of a temporary in- 
dwelling tube, provides the patient with 
the sensation T the passage of food, al- 
though he need make no active motion 
of swallowing. He is then in a position 
to voluntarily use appropriate muscles 
to duplicate this sensation. In time he 
strengthens the involved muscles. The 
process of relearning to swallow is ana- 
logous to the principle of “muscle reedu- 
cation,” employed routinely in physio- 
therapy to limb muscles, after prolonged 
disuse. 
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1980 AMERICAN BOARD OF OTOLARYNGOLOGY CERTIFYING EXAMINATION 


You may have noted from previous publications in our journals and other sources that 
the American Board of Otolaryngology was not having an examination in 1980. However, the 
Board has studied the examination evaluation process thoroughly and is happy to state that in 
1980 a written examination will be offered in September and an oral examination in February 
of 1981. Those examinees who neither pass nor fail on the written examination alone will be 
considered candidates for the oral examination and will be required to take the oral examination 
within two years of taking the written examination. Sunday, September 14, 1980, Upper Exhibit 
Hall, Palmer House Hotel, Chicago, Illinois has been chosen as the date and place of the 1980 
written examination. May 1, 1980 is the deadline for receipt of application. If you are interested 
in applying for the 1980 examination, please contact Walter P. Work, MD, Secretary-Treasurer, 
at the American Board of Otolaryngology, 220 Collingwood, Suite 130, Ann Arbor, MI 48103 
after January 1, 1980 for application forms. 
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CRICOPHARYNGEUS MYOTOMY AS THE ONLY TREATMENT 
i FOR ZENKER DIVERTICULUM 


LIONEL ZUCKERBRAUN, MD 
M. S. Banna, MD 


Los ANGELES, CALIFORNIA 


ileap henge dysfunction, one of the most common causes of pharyngeal dysphagia, ex- 


hibits a variety o 


physiology of swallowing, pathophysiology of its 
Zenker diverticulum. It is our purpose to emphasize cricopharyngeus (CP) myotom 


manifestations, one of which is Zenker diverticulum. 


This paper examines the 
aberrations, and various methods of treating 


as the 


only needed treatment for this diverticulum. Even in its advanced stages, excision of the di- 
verticulum is a needless surgical exercise. Seven cases of Zenker diverticulum are reported in 


elderly 


atients; one of them had an excision of the diverticulum prior to presentation. Some 


were either completely obstructed or aspirating on esophagram. Cricopharyngeus myotomy, the 
only treatment provided, proved to be safe and effective without morbidity or fatalities. Pa- 
'tients’ ability to eat orally was restored on the night of or the morning after surgery, No Levin 
tube is necessary and there is no risk of suture line leakage after the conventional diverticu- 
lectomy and CP myotomy. Hospital stay is greatly reduced and there is no risk of structure for- 
mation. In contrast to endoscopic division of CP muscle, there is no risk of mediastinitis because 


there is no break through the mucosa. 


In 1925 Jackson and Shallow! de- 
scribed the treatment of pharyngo- 
esophageal diverticulum by dilatation of 
the cricopharyngeus muscle. Since then, 
CP muscle or pharyngoesophageal 
sphincter dysfunction has drawn atten- 
tion as the cause of these diverticula. 
Various disorders have been ascribed to 
this region. Spasm,”* premature contrac- 
tion of the muscle,* delayed relaxation of 
the muscle,’ failure of relaxation or acha- 
lasia,^* and the phenomenon of second 
swallow against a closed sphincter,’ all 
have been described or implicated in the 
etiology of Zenker diverticulum. Better 
understanding of the physiologic role of 
this anatomic region in the act of de- 
glutition has been greatly aided by the 
introduction of manometric studies and 
cine-esophagrams. 


Many forms of surgical therapy have 
been used in the past. The most conser- 
vative of these surgical procedures is sim- 
ple inversion and suspension of the sac. 
A two stage operation, suspension fol- 
lowed later by excision of the sac, has 
been described by Lahey and Warren. 
Dohlman and Mattsson® popularized en- 
doscopic diverticulotomy, a procedure 


dividing the common wall between the 
esophagus and the diverticulum below 
the sac orifice. This procedure, essential- 
ly a CP myotomy from within, invari- 
ably has led to controversy against ex- 
cision of the diverticulum. Nevertheless, 
in order to avoid recurrence, those who 
favored diverticulectomy have stressed 
the necessity of dividing the muscle as 
well." Cricopharyngeal myotomy as 
the sole treatment for only small diver- 
ticula has been successfully employed. 
12-14 This approach has been an evolu- 
tion of better understanding of the 
pathogenesis of these diverticula. We 
have learned that its application to ad- 
vanced cases is also successful. 


Furthermore, CP myotomy has been 
extended successfully for treatment of 
other causes of upper esophageal dys- 
phagia of neural and/or muscular ori- 
gin.*° In conservation surgery of the 
larvnx, CP myotomy has been advocated 
and has shown significant reduction of 
the upper esophageal sphincter. It ap- 
pears, however, that functionally there 
is no difference postoperatively be- 
tween those who did and those who 
did not have myotomy.!* 
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ZENKER DIVERTICULUM 


ANATOMY 


The CP muscle is a sling connecting 
the two lateral borders oF the cricoid 
cartilage and passing across the pos- 
terior wall of the pharynx. Its analogue 
on the other extremity of the alimentary 
tract is the puborectalis sling attached 
anteriorly to the inner aspect of the 
pubis and encircling the beginning of 
the anal canal. Both have no median 
raphe. Cricopharyngeal tonic contraction 
prevents involuntary air entry into the 
esophagus during respiration. In the 
same manner, the puborectalis controls 
the involuntary descent of rectal con- 
tents. The CP muscle blends inferiorly 
into the circular and longitudinal fibers 
of the inferior constrictor which insert 
into the median raphe. The prominent 
pharyngeal branch of the vagus that 
controls the CP muscle in dogs has no 
counterpart in the human. The pharyn- 
geal plexus, which is formed by contri- 
butions from the vagus and glosso- 
pharyngeal nerves, innervates all the 
pharyngeal muscles, including the CP 
muscle in man. Sympathetic fibers arise 
from the superior cervical ganglion and 
join the plexus. 


Certain animal studies and clinical 
experience are noteworthy to cast some 
light on the problem of CP muscle in- 
nervation. 


In an attempt to relieve dysphagia 
and increase the blood supply to the 
pharyngeal mucosa, Rogers'? performed 
bilateral superior cervical ganglionec- 
tomy in a 50-year-old female suffering 
from Plummer-Vinson syndrome (iron 
deficiency anemia, atrophic mucous 
membranes and spasmodic dysphagia). 
The result was bilateral Horner syn- 
drome and complete relief of dysphagia. 
Homer syndrome seems to have dis- 
couraged further operations of this type, 
but the relief of dysphagia is nonetheless 
significant. 


Kirchner? has shown that unilateral 
section of the vagus above the ganglion 
nodusum in dogs produced little disa- 
bility, although the degree of CP muscle 
relaxation. during swallowing was di- 
minished. Bilateral section of the vagus 
nerve led to total failure of relaxation 
during swallowing with marked dys- 
phagia. However, the resting crico- 
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pharyngeal pressures remained the same 
in both situations. Stimulation of the cut 
distal ends of the vagus resulted in a 
sudden and sharp drop of pressure at 
the CP muscle. Vagal stimulation after 
CP myotomy produced no pressure 
changes at the cricopharyngeus. Superior 
cervical sympathetic ganglion as well as 
direct muscle stimulation produced an 
increase in pressure. It was concluded, 
therefore, that the. vagus is responsible 
for relaxation of the CP muscle on swal- 
lowing, that the interruption of one 
vagus is not crippling, and that the sym- 
pathetic supply is antagonistic. 


Conley? on reviewing swallowing 
dysfunction after radical head and neck 
resections, noted that bilateral resec- 
tion of both vagi high in the neck has 
led to marked dysphagia whereas uni- 
lateral section of vagus or recurrent 
laryngeal in the mid or lower neck led 
to little disability. Loss of both superior 
laryngeal nerves led to marked dys- 
phagia secondary to sensory loss in the 
larynx. 


Cineradiographic study of patients 
with unilateral and bilateral recurrent 
nerve paralysis failed to show crico- 
pharyngeal dysfunction.” 


It is safe to conclude that motor inner- 
vation of the CP muscle is vagal in ori- 
gin. The glossopharyngeal nerve seems 
entirely sensory since intracranial section 
leads to no motor dysfunction. The sym- 
pathetic supply is antagonistic to vagal 
action, leading to increased sphincter 
tone. This autonomic innervation is simi- 
lar to that of other sphincters of the ali- 
mentary tract. 


PHYSIOLOGY AND PATHOPHYSIOLOGY 


The complex and coordinated act of 
swallowing starts with an oral phase, 
which is voluntary, and an involuntary 
pharyngoesophageal phase. Immediate- 
ly before or simultaneously with the 
onset of contraction of the superior con- 
strictor, the CP muscle relaxes with a 
sudden drop of pressure within the 
sphincter zone. This relaxation lasts for 
less than one second during which time 
the inferior constrictor is contracting. 
The CP muscle contracts again at the 
end of the inferior constrictor contrac- 
tion for a period lasting two to four 


seconds (Fig. 1).? This highly coordi- 
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Fig. 1. Pressures recorded simultaneously during a swallow, Note the order of prop- 
agation of the muscular contractions and the sphincteric relaxation in anticipation of 
pharyngeal contraction. Reprinted with permission of publisher and Code CF, Schlegel 
F.” 


nated physiologic event of deglutition 
suggests a reflex arc through the modi- 
fied submucous plexus and a myenteric 
plexus located in the external surface of 
the pharyngeal muscles. The integrity of 
the bulbar nuclei in the floor of the 
fourth ventricle, peripheral nerves con- 
tributing to the pharyngeal plexus with 
its sympathetic and parasympathetic 
contribution, and the musculature of the 
pharynx are essential for the pharyngeal 
phase of deglutition. Derangement at 
any level of th's apparatus causes upper 
dysphagia. 

In patients afflicted with pharyngo- 
esophageal diverticulum, Ellis and co- 
workers** reported immediate sphincter 
relaxation on deglutition with sphincter 
contraction occurring prior to comple- 
tion of the contraction in the pharynx. 
Lichter** has reported similar results, 
while others have found no incoordina- 
tion of the swallow mechanism.? 


The exact etiology of muscular in- 
coordination is not known; a relation 
between peptic esophagitis (with or 
without hiatal hernia) and cricopharyn- 
geal dysfunction is, however, believed 
to be responsible. 


METHODS AND MATERIALS 


Seven patients, four males and three females, 


have been operated upon since 1975. Their av- 
erage age was 69 years, with a range of 52 to 
83 years. Symptoms of dysphagia from three- 
day to ten-year duration ranged from mild 
sensation of food sticking in the throat to total 
esophageal obstruction. Two patients had his- 
tories of aspiration pneumonitis, one patient 
had a massive aspiration that required a tra- 
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Fig. 2. A and B) Two different pro- 
operative views of diverticulum. C) Post- 
cricopharyngeus myotomy view; portable 
swallow. 
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Preoperative barium swallow. 
Note that the remarkable degree of as- 
piration and esophageal obstruction pro- 


Fig. 3. 


duced a tracheogram rather than an 
esophagram. A) Anteroposterior view; B) 
Lateral view. 


cheostomy. Manometric and esophageal motili- 
ty studies were not done. 


Radiologic Findings. Six patients had typi- 
cal pharyngoesophageal diverticula ranging in 
size from 3 cm to 5 x 8 cm (Figs. 2-4). One 
patient, who had undergone a diverticulectomy 
nine months previously, showed only evidence 
of hypertrophic CP muscle with proximal 
pharyngeal dilation; one patient had associated 
hiatal hernia, and another had a second lower 
esophageal diverticulum. 


A preliminary postoperative Gastrografin® 
swallow, prior to starting oral feedings, was 
done for three patients. There was no evidence 
of leaks. 

Technique. A 10 cm incision is made along 
the anterior border of the sternomastoid mus- 
cle, the esophagoscope having been taped in 
place prior to draping of the patient. Left- 
sided incision is used; however, the side has 
no bearing except for the surgeon’s preference. 
Retraction of the carotid sheath is allowed by 
dividing the omohyoid muscle, middle thyroid, 
and posterior facial veins while traction su- 
tures in the thyroid facilitate medial rotation 
of the larynx and trachea. The diverticulum 
and upper esophageal sphincter are identified. 
After the recurrent laryngeal nerve is identi- 
fied, myotomy is carried out using a scalpel. 
Transillumination with the esophagoscope light 
has been found helpful in dividing all muscle 
fibers seen across the mucosa. The diverticu- 
lum is left untouched; nasogastric tube and 
wound drainage are not utilized. 


CASE REPORTS 


Case 1. The patient was a 77-year-old male 





Fig. 4. 
Esophagrams A) three months and B) 
three years after cricopharyngeal myot- 
omy. Note the smaller diverticulum in A 
with poor filling and failure of filling in 
B. 


Same patient as in Fig. 3. 


presenting with the shortest duration of symp- 
toms. He underwent coronary bypass; three 
days postoperatively he was Taable to resume 
normal oral intake and finally suffered a major 
aspiration requiring emergency tracheostomy. 
Barium swallow demonstrated a large pharyn- 
goesophageal diverticulum (Fig. 2A, B). He 
was placed on intravenous hyperalimentation. 
After one week, when his pulmonary status 
permitted another anesthesia, he underwent 
CP myotomy. Oral feedings were resumed on 
the night of surgery after a preliminary Gastro- 
grafin swallow done at bedside (Fig. 2C). He 
is now eight months postmyotomy and has no 
dysphagia. On retrospective questioning of 
this patient, he admitted having had mild, non- 
troublesome dysphagia, mainly at supper, for 
several years which he had failed to mention 
to his cardiovascular surgeon. 


Case 2. An 83-year-old female presented 
with a ten-year history of dysphagia which 
recently had become disabling. She sought 
medical advice because of choking and cough- 
ing with every meal and a reported ten-pound 
weight loss over the Dice ding four weeks. 
Barium swallow (Fig. 3) showed remarkable 
aspiration with almost total esophageal obstruc- 
tion and a large Zenker diverticulum. Esopha- 
goscopy revealed trapped pieces of meat which 
were removed followed by CP myotomy. Oral 
feedings were resumed on the first postopera- 
tive day. Follow-up esophagrams three months 
after surgery (Fig. 4A) suggested contraction 
of the diverticulum. Three years later (Fig. 
4B), there was evidence of a smaller pouch. 
The disappearance of her symptoms was sig- 
nificant after the myotomy. 


Case 3. A 52-year-old male had a resection 
of a pharyngoesophageal diverticulum in 1974. 
His symptoms were not relieved after surgery 
and became progressively worse. When evalu- 
ated nine months postoperativly, there was no 
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indication in his récords of having a CP my- 
otomy. Esophagram showed remarkable nar- 
rowing at the level of the CP muscle, with 
proximal distension of the pharynx above the 
CP muscle level. Esophagoscopy was unpro- 
ductive. Because of the previous left-sided ap- 
proach, he underwent CP myotomy through 
a right-sided incision.. Dysphagia was dra- 
matically relieved from the first postoperative 
day. Follow-up esophagram six weeks after 
myotomy demonstrated relief of the prior con- 
striction. This case emphasizes the point that, 
in treating à pharyngoesophageal pouch, CP 
myotomy Should be the surgeon’s target rather 
than the pouch itself, 


DISCUSSION 


Cricopharyngeal myotomy, whether it 
is done endoscopically or by external ap- 
proach, addresses itself to the etiology 
of Zenker diverticulum. The diverticu- 
lum, once the obstruction is relieved, 
starts to contract and involutes. Exci- 
sion of the diverticulum is a needless 
surgical exercise unless there is reason to 
suspect an ulceration or malignancy in 
the pouch. Several advantages are ob- 
tained by limiting surgery to the my- 
otomy: 1) a shorter operating time, 
particularly valuable for the elderly; 2) 
ability to resume oral feeding immedi- 
ately upon recovery from anesthesia; 3) 
elimination of the need for Levin tube; 
4) elimination of the risk of suture line 
leakage and stricture formation secon- 
dary to tight closure; 5) elimination of 
the need for prophylactic antibiotics, 
or wound drainage, since the likelihood 
of postoperative wound infection is 


ZUCKERBRAUN-BAHNA 


practically nil, provided no mucosal 
tears occur; 6) reduced hospital stay; 
and 7) in contrast to endoscopic divi- 
sion of CP muscle (Dohlman proce- 
dure ), there is no risk of mediastinitis. 


Certainly an advantage is the possi- 
bility of performing the surgery under 
local anesthesia, although none of our 
patients accepted this method of anes- 
thesia. By simply asking the patient to 
swallow, one would expect to observe 
the disordered motility of the CP re- 
gion.'* Also, it will facilitate identifica- 
tion and division of the whole length of 
the muscle. 


Myotomy produces dramatic relief of 
dysphagia, although radiologic evidence 
of a smaller diverticulum persists. We 
are after the dysphagia relief and not 
the x-ray picture; hence, excision of the 
diverticulum is a needless effort unless 
intradiverticular pathology is suspected. 


SUMMARY 


Anatomy, innervation, physiology and 
pathophysiology of the CP muscle are 
discussed. Seven cases of variable sizes 
of pharyngoesophageal diverticulum, 
treated only with cricopharyngeal my- 
otomy are discussed. The validity of 
this method is supported by restoration 
of normal swallowing, clinically and 
radiologically. The advantages of this 
approach and the possible use of local 
anesthesia are discussed. 
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The pharyngoesophageal high pressure zone (PE-HPZ) 
and postlaryngectomy with a new force-summing probe that accounts for sphincter 


was measured prelaryngectomy 
ressure 


asymmetry. A total of 31 patients were studied six times each. Postoperatively, pressures dropped 
from 130-24 mm Hg to 66-9 mm Hg. After a standardized, intensive laryngectomy rehabili- 
tation program, 12 of 19 postoperative patients acquired acceptable esophageal speech and 7 
did not. Speakers and nonspeakers were found to have nearly identical PE-HPZ pressures 


(speakers = 70-10 mm Hg, nonspeakers = 5 
or relaxation likewise did not discriminate bet 
HPZ pressure is not a critical determinant of t 


Although laryngectomy has an im- 
portant role in the treatment of laryngeal 
carcinoma, postoperative mutism can 
produce severe psychosocial disability. 
After laryngectomy, the controlled eruc- 
tation of esophageal air can substitute 
for the larynx in speech production. Un- 
fortunately, only 50 to 85% of these pa- 
tients acquire esophageal speech.^? The 
pharyngoesophageal high pressure zone 
(PE-HPZ) has been proposed to be a 
determinant of the successful develop- 
ment of esophageal speech. Winans et 
al? using nonoriented perfused cathe- 
ters, reported that the nonspeaker has 
higher PE-HPZ pressures than the 
speaker. He suggested that higher 
sphincter pressure might have hindered 
the entry of air into the esophagus and 
thus retarded speech development. It is 
now known that the PE-HPZ normally 
has radially asymmetric | pressures.*? 
These radial pressure differences could 
not have been appreciated by the tech- 
nique used by Winans et af? Further- 
more, advances in bioinstrumentation 
have made high-fidelity recording of this 
region possible. 


It is the purpose of this report to re- 
examine the role that the PE-HPZ plays 
in the acquisition of esophageal speech 





918 mm Hg). Differences in sphincter length 
ween these two groups. We conclude that PE- 
he acquisition of esophageal speech. 


by using a pressure-monitoring system 
which accounts for these radial pressure 
differences. In a previous publication? 
we described a new device for rapidly 
and reliably measuring pressure in this 
region. We have shown that this device, 
which we have called the force-sum- 
ming probe (FSP), measures the high- 
est radially situated pressure in the 
sphincter, both in normals and in pa- 
tients who have undergone laryngec- 
tomy. The current study exploits this 
technique to assess the role of the PE- 
HPZ in the acquisition of esophageal 
speech. 


To avoid the controversy concerning 
the exact anatomical nature of the “up- 
per esophageal sphincter” we are using 
instead the descriptive term — pharyn- 
goesophageal high pressure zone (PE- 
HPZ). 


METHODS AND MATERIALS 


Subject Selection. First, we studied 13 pa- 
tients who had intralaryngeal carcinoma and 
who were to undergo laryngectomy. It was 
intended that all patients would be studied 
preoperatively and postoperatively but, in fact, 
although some patients consented to the pre- 
operative study and some to the postoperative 
study, only one subject from this group con- 
sented to both, so a direct, paired comparison 


From the Divisions of Gastroenterology and Otorhinolaryngology, the University of Texas 


Health Science Center, San Antonio, Texas. 


Presented at the meeting or the American Broncho-Esophagological Association, Los An- 


804 


geles, California, April 2-3, 197 


UPPER ESOPHAGEAL SPHINCTER 


805 





~ Glycerine Filled Silastic Torus 
p : 





77 Silastic Tubing 
With Central Wiring 








4 P 
— d 
V 


—Perforoted Metal Housing 
Surrounding Transducer 


Fig. 1. The force-summing 
glycerine in a Silastic torus. A 


] pressures 
summed by the transducer. 


of sphincter pressures in the same subject 
could not be obtained. 


Of a group of 93 laryngectomees who were 
evaluated as part of a study of comprehensive 
laryngectomee rehabilitation, 19 patients un- 
derwent esophageal manometry postoperative- 
ly. They had undergone total laryngectomy 6- 
24 months previously for carcinoma localized 
to the larynx. The surgical technique was a 
standard total laryngectomy which includes re- 
moval of the petens) cartilage — the anterior 
wall of the PE-HPZ. Most patients underwent 
perioperative irradiation. 


All study patients had three months of stan- 
darized speech therapy. Three additional 
months of speech therapy were provided to 
the nonspeaker subgroup. Speech development 
was assessed at six months by blinded observ- 
ers who graded esophageal speech on a scale 
of 0-5 for acceptability and functional com- 
municability (5 — best). The detailed pro- 
cedures for speech evaluation for the whole 
group will be reported elsewhere. 


Technique. PE-HPZ pressures were mea- 
sured six times in each subject using a mo- 
torized 0.5 cm/sec rapid pull-through tech- 
nique with the breath held in midinspiration. 
The neck was positioned in comfortable ex- 
tension, and the patient was in the lateral 
decubitus position. The device used to mea- 
sure sphincter pressure was designed especial- 
ly for us.? This probe is a chosing tilted Si- 
lastic® torus mounted 10 cm from the end of 
an 80 cm Silastic tube (Fig. 1). The torus 
surrounds a single, miniature, titanium strain 
gauge in contact with the glycerine. The FSP 
provides a measure of peak sphincter squeeze 

y hydraulically summing pressures around 
the circumference of the sphincter. A similar 
instrument has been previously reported by 
Kaye et al* The instrument was calibrated 
with a mercury sphygmomanometer prior to 
each experiment. In addition, the FSP was 


*Konigsberg Instrument Co, Pasadena, CA. 
**Honeywell Instrument Co, Denver, CO. 


robe. A single titanium transducer is surrounded by 


acting upon the torus are mechanically 


calibrated with a micrometer by indenting its 
surface 1 mm. The pressure obtained by this 
maneuver was 48-52 mm Hg. To assess peris- 
talsis and to qualitatively assess relaxation we 
also used a 3 lumen probe.*? This device is 
the highest-fidelity, conventional three-orifice 
probe available. It samples point pressure with 
three miniature strain gauges mounted in the 
wall of the probe. These transducers are sepa- 
rated 120° radially and are mounted 5 cm apart 
axially. This arrangement has been the tradi- 
tional one used in sampling esophageal pres- 
sures. Pressures obtained by both probes were 
recorded on a 6 channel Narco physiograph. 


Statistical Analysis. The standard error of 
the mean was used to describe the distribution 
of all values around the mean. An unpaired 
Student t-test was used to compare upper 
sphincter pressures in the speaking and non- 
speaking laryngectomy patients. To describe 
the precision of measurement with the FSP, 
the coefficient of variation was used. 


RESULTS 


Characteristics of the Study Group. 
Tables 1 and 2 describe some pertinent 
characteristics of the laryngectomees. 
The mean ages of the speakers was 58 
years and for the nonspeakers, 59 years. 
Most received irradiation just prior to or 
within six weeks after surgery. With re- 
spect to tumor site and staging, radiation 
therapy, hearing acuity, educational 
level and socioeconomic status, the two 
groups were not different. 


Relaxation. Relaxation of the PE-HPZ 
as measured by the Honywell probe was 
seen to occur in all subjects regardless of 
their speech capability. Relaxation was 
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TABLE 1. DESCRIPTIVE CHARACTERISTICS OF LARYNGECTOMEES WHO 
p. ACQUIRED ESOPHAGEAL SPEECH 











Age Schooling Functional Speech Ac- Phonation 

Pt. (yr) (yr) Radiation Class ceptability ^ Duration (sec) 
IA 50 14 — 5 4.52 0.10 
BB 52 12 + 5 2.00 1.00 
GC 65 11 + 3 2.50 0* 

FF 55 12 + 4 2.94 2.00 
JG 59 12 + 5 4.23 1.00 
JE 56 12 + 4 4.05 2.00 
WF 46 16 + 5 4.88 3.00 
RG 61 d + 2 1.58 1.00 
WJ 61 12 — 4 3.66 1.00 
TM 75 12 + 2 2.55 1.40 
EP 46 12 + 4 3.33 1.00 
TS 74 8 — 3 1.33 0.20 


*Missing datum. 


defined as a drop in pressure to within 5 
mm of atmospheric pressure following a 
dry swallow. Considerable variation in 
the duration of sphincter relaxation oc- 
curred between patients. 


Sphincter Pressures. Preoperative 
mean sphincter pressure in the 12 pre- 
operative laryngectomy controls was 
1302-24 mm Hg. These pressures were 
nearly identical to our previously re- 
ported results in normal volunteers 
(1212-23 mm Hg).5 These patients 
ages averaged 63--5 years and were 
comparable to the patients studied post- 
operatively. 


Tables 3 and 4 show the comparison 
of force-summed PE-HPZ pressures in 
speakers and nonspeakers. Each pa- 
tient's recorded sphincter pressure was 
the mean of six measurements. The co- 
efficient of variation for the six measure- 
ments in each patient ranged between 5 
and 33% with a mean of 20% in the 
speakers and 18% in the nonspeaking 
group. Thus, PE-HPZ pressure as mea- 


sured with the FSP is a reliable and re- 
producible biologic variable that lends 
itself well to statistical analysis. Mean 
PE-HPZ pressure in the speaking group 
was 702-10 mm Hg. In the nonspeaking 
group the sphincter pressure was slight- 
ly lower, 612-18 mm Hg. These differ- 
ences were not statistically significant. 


Sphincter Length. Because the meth- 
od of sphincter measurement involved 
a motorized 0.5 cm/sec withdrawal rate 
and because recorder paper speed was 
at 0.5 cm/sec, the length recorded on 
the graph paper represented true sphinc- 
ter length. In the speakers, PE-HPZ 
length was 4.02-0.3 cm; in the non- 
speakers it was 4.02-0.4 cm. 


DISCUSSION 


Laryngectomy significantly reduces 
the mean PE-HPZ pressure, as measured 
by the FSP, from 130 to 66 mm Hg. The 
postoperative pressure (66 mm Hg) 
was similar to the peak perfused pres- 
sures (54 mm Hg) in laryngectomees 


TABLE 2. DESCRIPTIVE CHARACTERISTICS OF LARYNGECTOMEES WHO 
COULD NOT MASTER ESOPHAGEAL SPEECH 





Age Schooling 
Pt. (yr) (yr) Radiation 
MD 58 12 = 
JB 69 8 4 
LB 53 12 + 
JC 50 13 = 
OJ 62 3 fi 
Jw 61 14 + 
BG 60 14 + 


Functional Speech Ac- Phonation 
Class ceptability Duration (sec) 

0 0 0.4 

0 0.0 
0 0 0.0 
0 0 0.0 
0 0 0.0 
0 0 0.0 
0 0 0.0 


UPPER ESOPHAGEAL SPHINCTER 
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TABLE 3. UPPER SPHINCTER PEAK PRESSURE AND LENGTH IN 
LARYNGECTOMEES WHO ACQUIRED ESOPHAGEAL SPEECH 

————————————————MMM— 
Pt. FSP Mean PP (mm Hg) MCV (&) FSP Mean Length (cm) .MCV. (X) 
IA 75+9 28 2.2+.04 5 
BB 40+8 19 4.0+.60 37 
GC 75+4 14 4.3+.50 27 
FF 43+4 24 5.2+.30 14 
JF 50+2 8 5.6+.10 5 
WF Q7+2 21 3.17.20 
RG 101212 29 2,13:.10 6 
JG 62+6 22 3.4+.10 8 
Wi 130+ 18 33 4.4+.10 6 
WM 6443 13 4.1+.30 16 
EP 127+7 13 5.3+.20 8 
TS 41+3 16 3.3+.20 18 
Mean 70+10 20 4.0+.30 13 


FSP - Force-summing probe; PP - Peak pressure; MCV - Mean corpuscular volume, 


that we have previously reported.’ We 
have also found that elevation of the 
larynx during laryngoscopy abolishes 
the anterior-posterior pressure accentua- 
tion.’ Furthermore, three dimensional 
pressure maps in postlaryngectomy sub- 
jects demonstrate a loss of both the 
normal radial and axial pressure asym- 
metries5 Taken together, these results 
suggest that the pressure of anteriorly 
situated cricoid cartilage is responsible 
for half of the upper sphincter's resting 
tone and is solely responsible for the PE- 
HPZ radial and asymmetry in pressure. 


Peak PE-HPZ pressure in the speakers 
was slightly higher than the nonspeak- 
ers. This difference was small and did 
not reach statistical significance. Cer- 
tainly, PE-HPZ pressure in the speakers 
is not less than the nonspeakers as sug- 
gested by Winans et al? This discrep- 
ancy is not easy to resolve. Since, as we 
have previously found, the marked ra- 


dial pressure asymmetry in normals is 
abolished by laryngectomy,? the FSP 
should have recorded pressures of mag- 
nitude similar to those obtained by a 
single channel perfused system. We 
carefuly excluded apis with postop- 
erative stricture from our study be- 
cause strictures may falsely elevate up- 
per sphincter pressures.? Perhaps such 
patients were included in their non- 
speaking group. A more likely explana- 
tion is that in the time since the work of 
Winans et al? considerable improvement 
in the fidelity of pressure recording de- 
vices has occurred. Our postlaryngec- 
tomy pressures (662-8 mm Hg) were 
twice those reported by Winans et al? 
(29 mm Hg). We suspect that variable 
AE of true sphincter pres- 
sures occurred in their study due to a 
low-fidelity system and accounts for the 
differing results. 


Although the PE-HPZ has been gen- 


TABLE 4. UPPER SPHINCTER PEAK PRESSURE AND LENGTH IN LARYNGECTOMEES 
WHO COULD NOT ACQUIRE ESOPHAGEAL SPEECH 











Pt. FSP Mean PP (mm Hg) MCV (&) FSP Mean Length (cm) MCV (&) 
VB 5lxl1 5 3.1+.10 20 
jc 15+2 33 3.8+.20 10 
MD 30+1 7 4.2+.10 4 
BG 29+4 30 2.6+.10 11 
OJ 725 19 4.3+.40 25 
Jw 60+5 18 4.3+.30 20 
LB 158+11 17 5.9+.40 16 
Mean 59+18 18 4.0+.40 15 


FSP - Force-summing probe; PP - Peak pressure; MCV - Mean corpuscular volume. 





*Unpublished observations. 
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erally accepted as the neoglottis for eso- 

«phageal speech, it appears that residual 
sphincter tension. after laryngectomy 
plays no role in the acquisition of eso- 
geal speech.* Unfortunately this makes 
it unlikely that a simple procedure such 
as myotomy of the sphincter muscle 
would be of benefit for patients with 
high pressures who were unable to mas- 
ter esophageal air charging. 


What factors then separate the speak- 
er from the nonspeaker? In an attempt 
to explain these differences, we exam- 
ined other variables which might affect 
speech development. The duration of 
speech therapy was greater in the non- 
speakers (6.1 vs 3.9 months). Speakers 
had a slightly higher educational level 
(11.6 years vs 10.8 years) but this dif- 
ference was not statistically significant. 
In other areas such as hearing acuity, 
radical neck dissection, radiation ther- 
apy, employment status, income, and 
tumor staging, there were no significant 
differences between speakers and non- 
speakers. In psychological and motiva- 
tional matters some differences between 
the groups were noted. These will be 
the subject of a forthcoming report. 


Our study was not designed to quanti- 
tate the fine details of PE-HPZ relaxa- 


WELCH ET AL 


ation. Sphincter relaxation in the opos- 
sum has two components: the elevation 
and forward movement of the laryngeal 
structures and the inhibition of nervous 
impulses to the sphincter. Absence of 
the forward and upward pull of the 
larynx upon the remaining sphincter 
may possibly contribute to imperfect 
control of the sphincter. Partial sensory 
denervation due to section of the superi- 
or laryngeal nerves may also impair the 
coordination of sphincter relaxation. It is 
possible that subtle differences in 
sphincter relaxation, such as duration, 
speed, or radial pressure changes might 
handicap the nonspeaker. More work 
needs to be done in this regard. 


In summary we found that upper 
esophageal sphincter pressure dropped 
by more than 50% postlaryngectomy. 
Peak PE-HPZ pressure was virtually 
identical in speakers and nonspeakers. 
These results refute earlier work which 
appeared to show a higher resting tone 
in nonspeakers. Differences in the fine 
details of sphincter relaxation, educa- 
tion and motivation levels and other 
presently undefined factors need to be 
studied further in order to better de- 
fine the determinants of esophageal 
speech. 
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ENDOTRACHEAL AND TRACHEOSTOMY TUBE CYTOLOGY = 


A NONINVASIVE TECHNIQUE FOR EARLY DETECTION OF 
CARCINOMA OF THE LUNG AND AERODIGESTIVE TRACT : 


t 


J. Kevin Fortson, MD 
Panviz JANFAZA, MD 


Boston, MASSACHUSETTS 


Carcinoma of the lung is the leading cause of death from malignancy in this country. 
Twenty percent of patients with lung carcinoma are asymptomatic early in the course of the 
disease. Survival rates are much better when lung carcinoma is discovered at the asymptomatic 
or radiographically occult "e therefore improved screening methods should be investigated. 
Many tumors in the tracheobronchial tree shed malignant cells into the bronchi and sputum 
cytology has been of value in the early diagnosis of carcinoma of the tracheobronchial tree. 
Thousands of patients are intubated daily. During endotracheal anesthesia, secretions are stimu- 
lated in the tracheobronchial tree and endotracheal or tracheostomy tubes are coated with these 
secretions. In a preliminary study, the cytology examination of the secretions adherent to 50 
endotracheal tubes suggests that endotracheal and tracheostomy tube cytology will prove to 
be a reliable, noninvasive and cost-effective means of screening high risk patients for occult 


primary carcinomas of the lung and upper aerodigestive tract. 


Lung cancer is the leading cause of 
death from malignancy in the United 
States. Carcinoma of the lung is in- 
creasing and factors related to the in- 
creasing incidence are increasing use of 
tobacco (cigarettes, cigars, pipe smok- 
ing); industrial hazards and materials 
(asbestos); and air pollution. Approxi- 
mately 70,000-80,000 new cases of lung 
carcinoma per year are estimated. There 
is a male predominance of approxi- 
mately 8:1. The symptoms of carci- 
noma are relatively nonspecific, there- 
by making early diagnosis difficult.? It 
is estimated that 20% of patients with 
lung cancer are completely asymptom- 
atic early in the course of the disease. 
The most common presenting symptoms 
in the early stages are: cough; persistent 
“cold”; chest pain. Symptoms of late 
stages are: hemoptysis; hoarseness; dys- 
phagia. 


By the time the patients become 
symptomatic it is late in the course of 
the disease and cure rates are not fav- 
orable. Only 10% of all lung carcinomas 
are cured per year with combined thera- 
pies of surgery, chemotherapy and radi- 
ation therapy. 


Since survival rates are much better 
when lung carcinoma is discovered at 
the asymptomatic or radiographically oc- 
cult stage, improved screening methods 
should be investigated.* Tumors in the 
lung may be detected by x-ray but many 
go undetected until symptoms are 
present.? 


Many tumors in the tracheobronchial 
tree shed malignant cells into the bron- 
chus and sputum cytology has been of 
value in the early diagnosis of carci- 
noma of the tracheobronchial tree.’ A 
number of reports over the past 15 years 
have indicated that cases of early, radio- 
logically occult lung carcinoma can be 
detected by sputum cytology at a stage 
that is potentially curable The most 
commonly used methods of screening 
for early carcinoma are: sputum cytol- 
ogy; bronchial washings; brush biopsy; 
x-ray studies. 


Of the noninvasive studies presently 
available, sputum cytology has been 
proven to be the most effective single 
method of providing early diagnosis. 
Bedrossian and Rybka? studied the cy- 
tologic characteristics of lung carcinoma 
from brushings, washings and sputum 
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TABLE 1. CYTOLOGIC FINDINGS IN 
SPECIMENS OBTAINED BY BRUSHING, 
WASHING AND SPUTUM SAMPLING IN 

LUNG CARCINOMA 











‘Method Positive % 
Brushings . 76 
Washings ; 76 
Sputum 56 


cytology in the same patients. The re- 
sults are listed in Table 1. It appears 
that specimens obtained from Bea dre 
or washings may be superior to sputum 
cytology in providing an early diagnosis. 


During endotracheal anesthesia, se- 
cretions are stimulated in the tracheo- 
bronchial tree and are most often re- 
moved by suctioning by the anes- 
thesiologist. Endotracheal and trache- 
ostomy tubes are coated both inside and 
outside with these secretions, and are a 
potential source of undiluted mucus 
specimens. In sputum cytology studies, 
cellular morphology is occasionally al- 
tered by dilution.” Since there are no 
data available to substantiate that endo- 
tracheal and tracheotomy tube cytology 
is superior to sputum cytology in cellular 
yield, it was decided that cytology 
specimens taken from tracheostomy 
tubes and endotracheal tubes would be 
studied in a select group of patients. 


METHODS AND MATERIALS 


Fifty patients treated on both the medical 
and surgical services at Boston City Hospital 
during 1977-78 were the subjects of this study; 
the patients were randomly selected. Patients 
with known head and neck carcinoma or lung 
carcinoma were excluded. The study included 
17 females and 33 males. Fifteen patients 
were nonsmokers and 35 were smokers. In 
the smoking group, which was composed of 
9 females and 26 males, the number of packs 
of cigarettes smoked per day ranged from one 
half to 3% packs per day for 20 years or more. 
Of the nonsmokers, eight were females and 
seven were males. 


The patients selected for study were 40 
years of age or older, who had been intubated 
for general anesthesia or airway distress and 
patients who had required tracheostomy for 
airway obstruction. High risk patients were 
defined as patients over 40 years of age who 
had nokat one half or more packs of cigar- 
ettes per day for 20 years or more. Patients 
who were nonsmokers were used as controls. 


Endotracheal and tracheostomy tubes, after 
removal from the trachea, were placed in 
sterile saline containers and submitted to the 


- cytology laboratory for secretion analysis. 


FORTSON-JANFAZA 


TABLE 2. CYTOLOGIC CLASSIFICATION 
BY PAPANICOLAOU SMEAR 


Class 1 Absence of atypical . 
or abnormal cells Negative 
Class 2 Atypical cells pres- 
ent, (but without 
malignant features Negative 


Class 3 Dyskeratotic cells 
(due to inflamma- 
tion, erosion, infec- 
tion, radiation 
changes, poorly pre- 
served malignant 
cells) 
Cells and cell clus- 
ters, suggestive of 
malignancy-possib- 
ly a carcinoma in 
situ 
Cells and cell clus- 
ters conclusive for 
malignancy 


Suspicious 
Class 4 


Positive 
Class 5 


Positive 


Each container contained approximately 100 
cc of sterile saline. These specimens were 
spun down and slides made from the super- 
nate. The classifications of cytology smears 
used in this study are cited in Table 2. Speci- 
mens for study were obtained from three 
groups of patients: 


l. Patients who required endotracheal in- 
tubation for general anesthesia. After surgery 
had been completed, the endotracheal tubes 
were collected, placed in sterile saline con- 
tainers and submitted for cytologic examin- 
ation, 


2. Patients who required tracheostomy. All 
tracheostomy tubes both with and without in- 
ner cannulas were studied. After decannula- 
tion, the tracheostomy tubes without inner 
cannulas were submitted to cytology in sterile 
saline containers. Tracheostomy tubes with in- 
ner cannulas were treated differently; the 
inner tubes were washed in approximately 100 
ce of sterile saline and the saline submitted 
for cytology. 


3. Patients who required intubation for air- 
way distress. Included in this group were pa- 
tients with cardiopulmonary arrest, trauma, 
respiratory distress, patients requiring airway 
intervention, and patients on ventilators. After 
extubation, the endotracheal tubes were placed 
in saline containers and submitted for cytology. 


RESULTS 


In the nonsmokers all cytology re- 
turned either as class 1 or 2 and was con- 
sidered negative. In the smokers, 2 were 
returned as class 1, 23 were class 2, 8 


ye class 3 and 2 were class 4 (Table 


One patient with class 4 cytology who 
was found to have a suspicious lesion on 
chest x-ray, became comatose, secon- 
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TABLE 3. RESULTS ACCORDING TO CYTOLOGY CLASSIFICATION 














Class 4™ ` 
Class 3 (Positive, 
(Suspicious Highly Suspicious 
Class 1 Class 2 for Malignancy) for Malignancy) 
Smokers 2 23 8 42 
Nonsmokers 8 7 0 . 0- 


dary to cardiopulmonary arrest and died 
shortly after; unfortunately no autopsy 
was permitted. The other patient, who 
complained of ear pain on swallowing, 
underwent endoscopy with negative 
findings but is currently being followed 
in the otolaryngology clinic. 


DISCUSSION 


Many thousands of patients are intu- 
bated daily for a number of reasons and 
tracheobronchial secretions are readily 
available for cytologic examination. 
These evaluations can be done with no 
additional risk and minimal additional 
cost to the patient. While sputum cy- 
tology allows detection of radiographic- 
ally occult tumors and provides an ex- 
cellent tool for detection of lung car- 
cinoma at an early stage,'? endotrach- 
eal tube cytology has not been previous- 
ly utilized. It has been shown that with 
bronchoscopic brushings the cell yield 
was increased by more than twofold 
when the brush and bronchoscope were 
withdrawn as a single unit.'' Endotrach- 
eal and tracheostomy tubes are routinely 
removed as a single unit with frank 
mucus trapped on the inside and the out- 
side of the tube and thus may provide 
an increased cellular yield. 


Endotracheal and tracheostomy tube 
cytology should be considered in high 
risk patients who require airway inter- 
vention as a screening technique. It 
should be emphasized that patients are 
not included specifically to obtain cy- 
tology. Fiberoptic bronchoscopy with 
brushings and washings is advocated, 


along with chest x-ray, in the follow-u 
of this select group of patients wi 
class 3 and 4 cytology obtained post- 
extubation. In ten additional patients 
with known aerodigestive tract carci- 
nomas, tube cytology was obtained and 
was positive in each case. In one pa- 
tient cytology was positive on three 
different occasions. These findings sug- 
gest that this technique has a high de- 
gree of reliability. 


This preliminary study lacks sufficient 
numbers to allow the drawing of a 
definite conclusion as to the value of 
tube cytology in screening for occult 
carcinoma of the lung and upper aero- 
digestive tract. However, the experience 
presented suggests that it may be a use- 
ful technique. A prospective study is 
presently underway with a projected 
goal of 500 examinations. 


SUMMARY 


A large proportion of patients with 
carcinoma of the lung and upper aero- 
digestive tract continue to present in the 
late stages of the disease; there is there- 
fore a pressing need for additional 
screening techniques for high risk pa- 
tients. 


This preliminary study involving the 
cytologic examinations of 50 endo- 
tracheal tubes suggests that this tech- 
nique will prove to be reliable, nonin- 
vasive and cost-effective for screening 
high risk patients for occult primary 
cancers of the lung and upper aerodi- 
gestive tract. 
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year) mission during which the crew’s 
alertiess would be reduced by the mo- 
notony òf routine duties, Placing small 
mechanical; parts in the mouth, such as 
screws, nuts, -bolts, springs, or small 
alkaline batteries used for a wrist watch 
or camera, would increase the chance 
for aspiration or swallowing. The sud- 
den bursting of a bottle or container of 
liquid could scatter the contents and 
suspend small fragments of the con- 
tainer in the cabin atmosphere. The rup- 
ture of a hydraulic line or light bulb 
could fill the air with hazardous par- 
ticles. 

Aspiration of vomitus by a vertiginous 
crewman or of blood by one with acute 
epistaxis could rapidly lead to laryngo- 
spasm and, in the cabin’s lowered OXy- 
gen saturation, rapidly lead to hypoxia. 


Hypoxia. Decompression sickness 
ranges from the very mild syndrome 
known to high altitude pilots as “the 
chokes" to the instantly fatal ebullition 
or explosive decompression. The chokes 
is characterized by alarming substernal 
distress, pain, and cough, and is aggra- 
vated by deep breathing. The mucosa 
of the larynx and pharynx is fiery red. 
This sickness is thought to be a reflex 
reaction from embolism of gas bubbles 
in the pulmonary capillaries, and is re- 
producible by intravenous air injection.^ 
Ebullition occurs when one suddenly 
goes from earth's sea level atmospheric 
pressure to a zero pressure atmosphere. 
Instant dissolution of all gases from 
body tissues produces tremendous inter- 
stitial pressures which disrupt the brain 
tissue within three or four seconds and 
may simultaneously eviscerate the ab- 
domen’s contents. 

Lesser degrees of hypoxia may occur 
when partial loss of pressure within one 
compartment of the spacecraft occurs. 
Icing of oxygen lines also might affect 
only one compartment of the ship, caus- 
ing varying degrees of hypoxia among 
the crew. The most severely affected 
crewmen might require ventilation with 
an automatic respirator on high oxygen 
concentration. During extravehicular ac- 
tivity, a space suit may leak or tear. Re- 
trieval of the endangered space walker 
and immediate respiratory support with 
a high concentration of oxygen may pre- 
vent permanent brain damage. 


Laryngeal Edema. A variety of causes 
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could result in glottic or subglottic swel- 
ling that could severely compromise 
breathing: 


a) Infectious laryngitis is not likely 
to occur unless the craft has a rendez- 
vous with another ship after much of the 
crew's natural immunity has weakened 
through lack of challenge for a year or 
longer. 


b) Allergic edema could occur after 
repeated exposure to mold growing 
within the insulation materials, beneath 
the upholstery, or within the air condi- 
tioning systems. Plant life aboard the 
craft, such as algae or whatever is 
raised for food and for oxygen balance, 
may provoke allergic reactions. 


c) Chemical exposure, either acute or 
chronic, may occur with leakage of 
chlorine or other substances. The free- 
floating particles could be inhaled be- 
fore the crew becomes aware of the 
spill. Fumes from a fire or fire extin- 
guisher could be toxic. On one occasion 
à retro-rocket was fired after entry into 
the earth's atmosphere and after the 
portholes had been opened, firing fumes 
from the rocket fuel into the cabin at- 
mosphere. The crew had chemical pneu- 
monitis for several days. 


d) Mechanical injury to the larynx 
could result from a mishap with athletic 
equipment during physical exercise or 
during friendly or unfriendly physical 
contests. Because it is difficult in the 
gravity-free state to throw a punch with 
a fist or to “work a throw” as in judo or 
wrestling, choking holds or possibly 
karate chops would be the chief forms of 
physical combat. The resulting trauma 
would produce momentary and tempor- 
arily disabling laryngospasm. Delayed 
onset of dyspnea, pain, and hoarseness 
might indicate a hematoma and progres- 
sive obstructive edema, and necessitate 
intubation or tracheostomy and cortico- 
steroid and antibiotic treatment. 


LARYNGOSCOPIC TECHNIQUE 


When an airway is needed, the as- 
tronaut/laryngoscopist will have to deal 
with the problem. Any simplification of 
the procedure would be most helpful; 
however, simplification would probably 
have to be limited to a change in equip- 
ment design rather than result from ex- 
tensive training. An analysis of the con- 
ditions in the gravity-free state suggests 


LARYNGOSCOPY IN SPACE 





iis a 


Fig. 1. A) The nee re is disassembled into its two halves to display the lumen 


of the scope and the 


at face of the handles bearing three guide pins. The threaded 


channel receives a knurled set screw which unites the halves for storage or while in use 
as an operating laryngoscope. B) The two halves of the instrument are joined here as the 


laryngoscopist would do in preparation for i 


ntroducing it into the oropharynx and 


larynx. 


Oral light cables are directed downward to better display the handle. When the glottis 
is seen, the endotracheal tube can be easily guided through its lumen into the larynx and 


trachea. C) After the endotracheal tube has been passe 


into the laryngeal lumen, the 


two halves of the scope are separated and extracted separately from the pharynx, The 
adult-sized Jako laryngoscope was chosen for this modification because of its clean design 


and sturdiness. 


that significant differences exist be- 
tween performance of the same maneu- 
ver on earth and in space. On earth we 
have the force of gravity to 1) secure 
the patient to the examining table; 2) 
secure the examiner to the floor; 3) pool 
any pharyngeal secretions in the oro- 
pharynx or nasopharynx, thereby clear- 
ing the approach to the larynx; and 4) 
stabilize the tongue so that the tip of 


the laryngoscope can be guided along 
the right lateral border until the tip of 
the epiglottis is passed. 


At this point, the tip of the scope is 
directed medially by a slight rotation of 
the examiner's wrist, until the base of the 
epiglottis is seen. The tip of the scope 
is then advanced until the glottis is well 
exposed. “Toeing up” with the tip of the 
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TABLE 1. ENVIRONMENTAL FINDINGS 
IN INDUSTRIAL PATIENTS WITH 
VOCAL CORD NODULES (N = 26) 





Fe- 
males Males 
Total number 16 10 
Recurrence T 1 
Dust environment 16 10 
Noisy environment requiring 
shouting at work 15 8 


industry. The best method of detection 
is a high level of suspicion. Industrial 
physicians should be “tuned in” to the 
presence of a hoarse voice in individuals 
working in loud noise environment, If 
the patient works in a noisy environ- 
ment, suspicion of vocal cord dysfunc- 
tion is confirmed by the appropriate re- 
ferral. Not only should the industrial 
physician have a high level of suspicion, 
but so should the otologist, audiologist 
and otolaryngologist involved in hand- 
ling industrial hearing problems. All of 
the 21 patients evaluated in the first 
group of industrial noise exposure hear- 
ing loss were diagnosed as having laryn- 
geal disorders on routine laryngologic 
examination. 


A complete industrial noise conser- 
vation program might ideally include 
serial sound spectrographic screening of 
employees in high noise areas. While it 
has been noted that voice spectrography 
cannot make a diagnosis of vocal cord 
disease, changes in the voice may be 
picked up by serial spectrograms. Since 
all individuals in noise areas are exam- 
ined yearly with screening audiometric 
testing, it would be a simple matter for 
the individual at the time of his hearing 
test to speak the vowel “ah” in a micro- 
phone dor five seconds. This tape re- 
cording could later be displayed on a 
spectrogram and examined for aperiodi- 
city, breathiness and breakdown of for- 
mant structure? Like the audiogram, the 
spectrography reading is in no way a 
diagnosis by itself. Rather, serial spec- 
trographs would help to single out prob- 
lem employees for further examination 
by a laryngologist. This is most appli- 
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cable in the higher risk female popula- 
tion. Likewise, this program of voice dis- 
order detection must be maintained un- 
der the supervision of a physician, since 
the final decision as to the absence or 
presence of laryngeal disease rests in 
his hands. 


Any individual who develops vocal 
cord dysfunction while working in a 
noisy environment must be treated as a 
potentially handicapped individual. Just 
as hearing protection is used in excessive 
noise areas, attempts at modifying voice 
use and development of alternate forms 
of communication in the work situation 
must be made. This might include the 
use of microphones, hand signals or vis- 
ual displays to communicate. Proper 
counseling for industry by laryngologists 
and speech-language pathologists may 
go a long way in preventing laryngeal 
injury in the ftus. Simple steps such 
as these would be extremely helpful in 
preventing long-term vocal disability. 


Lastly, laryngologists must be aware 
of the environment in which their pa- 
tients work. Laryngeal surgery on in- 
dividuals who work in industry may be 
doomed to failure if proper evaluation 
of the environment is not considered. 


There are epidemiologic considera- 
tions to be drawn from the findings in 
this paper. This preliminary study has 
tucked the sel i of a potentially 
large problem. The fact that the female 
larynx appears to be more susceptible to 
vocal cord dysfunction from speaking in 
a noisy environment would suggest the 
incidence may be substantially higher 
than noted. More detailed studies relat- 
ing exact job noise levels, stress condi- 
tions at work, environmental dust levels 
and sex differences in various occupa- 
tions to the incidence of vocal cord dys- 
function are needed. This industrial 
population gives us an excellent chance 
to observe the pathogenesis of vocal 
cord dysfunction associated with vocal 
cord abuse. Cooperation by industry will 
give us an opportunity to discover a 
mechanism of laryngeal injury and aid 
us in its widespread prevention. 
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TABLE 3. RESULTS ACCORDING TO CYTOLOGY CLASSIFICATION 








Class 4- ` 
Class 3 (Positive, 
(Suspicious Highly Suspicious 





Class 1 Class 2 for Malignancy) for Malignancy) 
Smokers 2 23 8 a 
Nonsmokers 8 Fi 0 . 0- 


dary to cardiopulmonary arrest and died 
shortly after; unfortunately no autopsy 
was permitted. The other patient, who 
complained of ear pain on swallowing, 
underwent endoscopy with negative 
findings but is currently being followed 
in the otolaryngology clinic. 


DISCUSSION 


Many thousands of patients are intu- 
bated daily for a number of reasons and 
tracheobronchial secretions are readily 
available for cytologic examination. 
These evaluations can be done with no 
additional risk and minimal additional 
cost to the patient. While sputum cy- 
tology allows detection of radiographic- 
ally occult tumors and provides an ex- 
cellent tool for detection of lung car- 
cinoma at an early stage,” endotrach- 
eal tube cytology has not been previous- 
ly utilized. It has been shown that with 
bronchoscopic brushings the cell yield 
was increased by more than twofold 
when the brush and bronchoscope were 
withdrawn as a single unit."* Endotrach- 
eal and tracheostomy tubes are routinely 
removed as a single unit with frank 
mucus trapped on the inside and the out- 
side of the tube and thus may provide 
an increased cellular yield. 


Endotracheal and tracheostomy tube 
cytology should be considered in high 
risk patients who require airway inter- 
vention as a screening technique. It 
should be emphasized that patients are 
not included specifically to obtain cy- 
tology. Fiberoptic bronchoscopy with 
brushings and washings is advocated, 


along with chest x-ray, in the follow-u 

of this select. group of patients wit 

class 3 and 4 cytology obtained post- 
extubation. In ten additional patients 
with known aerodigestive tract carci- 
nomas, tube cytology was obtained and 
was positive in each case. In one pa- 
tient cytology was positive on three 
different occasions. These findings sug- 
gest that this technique has a high de- 
gree of reliability. 


This preliminary study lacks sufficient 
numbers to allow the drawing of a 
definite conclusion as to the value of 
tube cytology in screening for occult 
carcinoma of the lung and upper aero- 
digestive tract. However, the experience 
presented suggests that it may be a use- 
ful technique. A prospective study is 
presently underway with a projected 
goal of 500 examinations. 


SUMMARY 


A large proportion of patients with 
carcinoma of the lung and upper aero- 
digestive tract continue to present in the 
late stages of the disease; there is there- 
fore a pressing need for additional 
screening techniques for high risk pa- 
tients. 


This preliminary study involving the 
cytologic examinations of 50 endo- 
tracheal tubes suggests that this tech- 
nique will prove to be reliable, nonin- 
vasive and cost-effective for screening 
high risk patients for occult primary 
cancers of the lung and upper aerodi- 
gestive tract. 
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LARYNGOSCOPY IN SPACE TRAVEL 


Francis E. LeJEuNE, JR, MD, FACS 
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The need for laryngoscopy aboard 
ticipated. Therefore, the inexperience of 
in the free-floating environment of space 
nique employing a split-apart modification cf 


During the first 16 years of manned 
space flight, laryngoscopy has never 
been required. However, as flight times 
are extended past the usual 90-day limit 
(up to one to three years) the chance 
increases that an emergency will oc- 
cur that requires laryngoscopy. The un- 
expected loss of cabin pressure, aspir- 
ation of food, vomitus, etc, and chemical 
fumes or other foreign substances, as 
well as other causes for laryngeal 
edema, may necessitate prompt endo- 
trachael intubation and then respiratory 
support with a high concentration of 
oxygen for hours. If done expediently, 
an able-bodied crew member may be 
saved: otherwise, severe, irreversible 
brain damage may result. 


Therefore, several, if not all, crew 
members should be familiar with the 
technique of endotracheal intubation. 
However, they would be relatively in- 
experienced and working under great 
stress and, possibly, personal peril. Main- 
taining the optimal physical relationship 
for introducing the tube through the 
glottis would require either several as- 
sistants or previous practice. With prac- 
tice, a single endoscopist could stabilize 
the injured crewman’s neck and thorax 
while extending the head and introduc- 
ing the laryngoscope through the mouth 
to expose the glottis. Coaxial intubation 
of the glottis could then be accom- 
plished with little chance of laryngeal 
trauma. Respiratory support with an 
automatic respirator should be easily 
maintained for as long as it is needed. 


Weightless Environment. Early studies 
conducted in conditions simulating 
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a spacecraft on a mission of one to three years is an- 
the potential endoscopists and the problems they face 
are considered. A simplified coaxial intubation tech- 


a Jako-type laryngoscope is suggested. 


weightlessness for up to 90 days gave 
predications of the physiologic, biochem- 
ical, and even emotional changes that 
would occur in space. Early manned 
flights confirmed many of these expec- 
tations: changes in distribution of body 
fluids from the lower parts of the body 
to the upper part were noticed while the 
early cosmonauts were in orbit. How- 
ever, these and other changes reversed 
very quickly on return to earth.”* 


With more experience from the Salyut 
and Skylab missions,^ methods were 
devised to avoid some of these altera- 
tions. Special exercise schedules employ- 
ing spring resistance equipment were 
used, and further data were obtained 
on the most effective wake-sleep cycles. 


GREATER POTENTIAL FOR 
LARYNGEAL PROBLEMS 


The basic physiology of the larynx 
seems to be unaltered by the gravity- 
free state; however, a combination of 
factors in the gravity-free confinement of 
the spacecraft increases the chances for 
development of laryngeal problems. 
These problems include: 


Aspiration. The aspiration of sub- 
stances into the glottis and, possibly, into 
the tracheobronchial tree poses a serious 
potential problem. On one of the early 
American orbital flights, the astronaut 
aspirated some cookie crumbs but suf- 
fered no serious consequences. Avoid- 
ance of crisp, fragmenting food might 
reduce the possibility of trauma. Aspira- 
tion of other substances might be more 
likely to occur on a longer (one- to three- 
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year) mission during which the crew's 
alertness would be reduced by the mo- 
notony of routine duties. Placing small 
mechanical: parts in the mouth, such as 
screws, nuts, bolts, springs, or small 
alkaline batteries used for a wrist watch 
or camera, would increase the chance 
for aspiration or swallowing. The sud- 
den bursting of a bottle or container of 
liquid could scatter the contents and 
suspend small fragments of the con- 
tainer in the cabin atmosphere. The rup- 
ture of a hydraulic line or light bulb 
could fill the air with hazardous par- 
ticles. 

Aspiration of vomitus by a vertiginous 
crewman or of blood by one with acute 
epistaxis could rapidly lead to laryngo- 
spasm and, in the cabin's lowered oxy- 
gen saturation, rapidly lead to hypoxia. 


Hypoxia. Decompression sickness 
ranges from the very mild syndrome 
known to high altitude pilots as "the 
chokes" to the instantly fatal ebullition 
or explosive decompression. The chokes 
is characterized by alarming substernal 
distress, pain, and cough, and is aggra- 
vated by deep breathing. The mucosa 
of the larynx and pharynx is fiery red. 
This sickness is thought to be a reflex 
reaction from embolism of gas bubbles 
in the pulmonary capillaries, and is re- 
nroducible by intravenous air injection.* 
Ebullition occurs when one suddenly 
goes from earth's sea level atmospheric 
pressure to a zero pressure atmosphere. 
Instant dissolution of all gases from 
body tissues produces tremendous inter- 
stitial pressures which disrupt the brain 
tissue within three or four seconds and 
may simultaneously eviscerate the ab- 
domen's contents. 

Lesser degrees of hypoxia may occur 
when partial loss of pressure within one 
compartment of the spacecraft occurs. 
Icing of oxygen lines also might affect 
only one compartment of the ship, caus- 
ing varying degrees of hypoxia among 
the crew. The most severely affected 
crewmen might require ventilation with 
an automatic respirator on high oxygen 
concentration. During extravehicular ac- 
tivity, a space suit may leak or tear. Re- 
trieval of the endangered space walker 
and immediate respiratory support with 
a high concentration of oxygen may pre- 
vent permanent brain damage. 


Laryngeal Edema. A variety of causes 


FRANCIS E. LeJEUNE, JR. 


could result in glottic or subglottic swel- 
ling that could severely compromise 
breathing: 


a) Infectious laryngitis is not likely 
to occur unless the craft has a rendez- 
vous with another ship after much of the 
crew's natural immunity has weakened 
through lack of challenge for a year or 
longer. 


b) Allergic edema could occur after 
repeated exposure to mold growing 
within the insulation materials, beneath 
the upholstery, or within the air condi- 
tioning systems. Plant life aboard the 
craft, such as algae or whatever is 
raised for food and for oxygen balance, 
may provoke allergic reactions. 


c) Chemical exposure, either acute or 
chronic, may occur with leakage of 
chlorine or other substances. The free- 
floating particles could be inhaled be- 
fore the crew becomes aware of the 
spill. Fumes from a fire or fire extin- 
guisher could be toxic. On one occasion 
a retro-rocket was fired after entry into 
the earth's atmosphere and after the 
portholes had been opened, firing fumes 
from the rocket fuel into the cabin at- 
mosphere, The crew had chemical pneu- 
monitis for several days. 


d) Mechanical injury to the larynx 
could result from a mishap with athletic 
equipment during physical exercise or 
during friendly or unfriendly physical 
contests. Because it is difficult in the 
gravity-free state to throw a punch with 
a fist or to “work a throw” as in judo or 
wrestling, choking holds or possibly 
karate chops would be the chief forms of 
physical combat. The resulting trauma 
would produce momentary and tempor- 
arily disabling laryngospasm. Delayed 
onset of dyspnea, pain, and hoarseness 
might indicate a hematoma and progres- 
sive obstructive edema, and necessitate 
intubation or tracheostomy and cortico- 
steroid and antibiotic treatment. 


LARYNGOSCOPIC TECHNIQUE 


When an airway is needed, the as- 
tronaut/laryngoscopist will have to deal 
with the problem. Any simplification of 
the procedure would be most helpful; 
however, simplification would probably 
have to be limited to a change in equip- 
ment design rather than result from ex- 
tensive training. An analysis of the con- 
ditions in the gravity-free state suggests 
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Fig. 1. A) The ag i gs is disassembled into its two halves to oinpla the lumen 


of the scope and the 


lat face of the handles bearing three guide pins. T 


e threaded 


channel receives a knurled set screw which unites the halves for storage or while in use 
as an operating laryngoscope. B) The two halves of the instrument are joined here as the 


laryngoscopist would do in preparation for introducing it into the oropharynx and 


larynx. 


Oral light cables are directed downward to better display the handle. When the glottis 
is seen, the endotracheal tube can be easily guided through its lumen into the larynx and 


trachea. C) After the endotracheal tube h 


two halves of the scope are separated and 


as been passed into the laryngeal lumen, the 
extracted separately from the pharynx. The 


adult-sized Jako laryngoscope was chosen for this modification because of its clean design 


and sturdiness. 


that significant differences exist be- 
tween performance of the same maneu- 
ver on earth and in space. On earth we 
have the force of gravity to 1) secure 
the patient to the examining table; 2) 
secure the examiner to the floor; 3) pool 
any pharyngeal secretions in the oro- 
pharynx or nasopharynx, thereby clear- 
ing the approach to the larynx; and 4) 
stabilize the tongue so that the tip of 


the laryngoscope can be guided along 
the right lateral border until the tip of 
the epiglottis is passed. 


At this point, the tip of the scope is 
directed medially by a slight rotation of 
the examiner’s wrist, until the base of the 
epiglottis is seen. The tip of the scope 
is then advanced until the glottis is well 
exposed. “Toeing up” with the tip of the 
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. 2. A) The endoscopist, astride the neck on the shoulders of the unconscious 


astronaut, uses his legs and ankles to secure himself to the patient's torso. While extend- 
ing the chin with his right hand, he introduces the bivalved laryngoscope with his left 


until the 
dotracheal tube coaxially through the 


lottis is seen. B) With the quus in view, the endoscopist now passes the en- 
umen of the scope with his right hand. C) After 


passing the endotracheal tube securely into the trachea, the endoscopist lightly inflates 
the low pressure cuff and prepares to connect the patient to the automatic respirator. 
The halves of the laryngoscope are be ied by pressing the divergent tips of the handles 


together and each half is then care 


scope is another rotational movement of 
the examiner's left wrist, done when the 
glottic opening is hard to see. In this 
part of the maneuver, upward or anter- 
ior pressure is exerted with the tip of the 
scope. The posterior commissure, then 
the midportion of the glottis, and finally 
the anterior commissure, might be seen 
as slightly greater anterior rotation is 
made. Slight side-to-side rotational 
movements to keep the glottis well in 
view may be necessary as the scope is 
advanced very slightly. 


In a free-floating environment, each 
rotational motion is accompanied by an 
equal, but opposite, rotation. Unless the 
endoscopist’s body is in some way se- 
cured, it will tend to rotate to the op- 
posite side each time his left hand makes 
a rotational movement during the intro- 
duction of the laryngoscope. The ma- 
neuver is therefore more difficult than 
on earth. To lessen the counter-rotation, 
a knee bar or body strap could be em- 
ployed. 


The use of a tubular, rather than an 
open-sided, laryngoscope (Fig. 1) for 
coaxial, intubation should lessen the 


ully extracted. 


amount of torque or asymmetrical rota- 
tion required. This, in turn, should 
eliminate the need for use of a metal 
stylette by inexperienced personnel. 


If assistants are unavailable and one 
astronaut must perform the laryngos- 
copy, the injured shipmate's extended 
head can be stabilized by the endoscop- 
ists thighs as he sits upon the uncon- 
scious one's shoulders astride the neck. 
The legs of the examiner could grip the 
rib cage or abdomen in a semiscissors 
grip (Fig. 2A). Extending the chin with 
his right hand, the en oscopist/astro- 
naut introduces the tip of the tubular, 
bivalved laryngoscope with twin fiber- 
optic light carriers, a modified Jako- 
laryngoscope, into the pharynx with his 
left hand. He then seeks and exposes the 
glottis. He passes the endotracheal tube 
through the center of the lumen of the 
laryngoscope (Fig. 2B), connects its 
proximal end to the ventilation equip- 
ment, and slightly inflates the low pres- 
sure cuff. The bivalved, tubular laryn- 
goscope is then disassembled, splitting 
into right and left halves, and each half 
is extracted (Fig. 9C). 
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TABLE 1. ENVIRONMENTAL FINDINGS 
IN INDUSTRIAL PATIENTS WITH 
VOCAL CORD NODULES (N = 26) 











Fe- 
males Males 
Total number 16 10 
Recurrence T 1 
Dust environment 16 10 
Noisy environment requiring 
shouting at work 15 8 


industry. The best method of detection 
is a high level of suspicion. Industrial 
physicians should be “tuned in" to the 
presence of a hoarse voice in individuals 
working in loud noise environment. If 
the patient works in a noisy environ- 
ment, suspicion of vocal cord dysfunc- 
tion is confirmed by the appropriate re- 
ferra. Not only should the industrial 
physician have a high level of suspicion, 
but so should the otologist, audiologist 
and otolaryngologist involved in hand- 
ling industrial hearing problems. All of 
the 21 patients evaluated in the first 
group of industrial noise exposure hear- 
ing loss were diagnosed as having laryn- 
geal disorders on routine laryngologic 
examination. 


A complete industrial noise conser- 
vation program might ideally include 
serial sound spectrographic screening of 
employees in high noise areas. While it 
has been noted that voice spectrography 
cannot make a diagnosis of vocal cord 
disease, changes in the voice may be 
picked up by serial spectrograms. Since 
all individuals in noise areas are exam- 
ined yearly with screening audiometric 
testing, it would be a simple matter for 
the individual at the time of his hearing 
test to speak the vowel “ah” in a micro- 
phone for five seconds. This tape re- 
cording could later be displayed on a 
spectrogram and examined for aperiodi- 
city, breathiness and breakdown of for- 
mant structure? Like the audiogram, the 
spectrography reading is in no way a 
diagnosis by itself. Rather, serial spec- 
trographs would help to single out prob- 
lem employees for further examination 
by a laryngologist. This is most appli- 
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cable in the higher risk female popula- 
tion, Likewise, this program of voice dis- 
order detection must be maintained un- 
der the supervision of a physician, since 
the final decision as to the absence or 
presence of laryngeal disease rests in 
his hands. 


Any individual who develops vocal 
cord dysfunction while working in a 
noisy environment must be treated as a 
potentially handicapped individual. Just 
as hearing protection is used in excessive 
noise areas, attempts at modifying voice 
use and development of alternate forms 
of communication in the work situation 
must be made. This might include the 
use of microphones, hand signals or vis- 
ual displays to communicate. Proper 
counseling for industry by laryngologists 
and speech-language pathologists may 
go a long way in preventing laryngeal 
injury in the future. Simple steps such 
as these would be extremely helpful in 
preventing long-term vocal disability. 


Lastly, laryngologists must be aware 
of the environment in which their pa- 
tients work. Laryngeal surgery on in- 
dividuals who work in industry may be 
doomed to failure if proper evaluation 
of the environment is not considered. 


There are epidemiologic considera- 
tions to be drawn from the findings in 
this paper. This preliminary study has 
zk the surface of a potentially 
large problem. The fact that the female 
larynx appears to be more susceptible to 
vocal cord dysfunction from speaking in 
a noisy environment would suggest the 
incidence may be substantially higher 
than noted. More detailed studies relat- 
ing exact job noise levels, stress condi- 
tions at work, environmental dust levels 
and sex differences in various occupa- 
tions to the incidence of vocal cord dys- 
function are needed. This industrial 
population gives us an excellent chance 
to observe the pathogenesis of vocal 
cord dysfunction associated with vocal 
cord abuse. Cooperation by industry will 
give us an opportunity to discover a 
mechanism of laryngeal injury and aid 
us in its widespread prevention. 
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EPIGLOTTITIS: EVOLUTION IN MANAGEMENT 
DURING THE LAST DECADE 


RareH F. Wetmore, MD 
STEVEN D. HANDLER, MD 
PHILADELPHIA, PENNSYLVANIA 


In the past decade, changes have occurred in the management of epiglottitis. A ten-year 
retrospective study of 64 patients admitted to the Children's Hospital of Philadelphia with the 
diagnosis of epiglottitis was performed. An evolution in the management of epiglottitis was dem- 
onstrated in this series of patients, The morbidity and mortality of currently employed modes of 

di 


airway management (me 


cal observation, endotracheal intubation or tracheostomy) were com- 


pared. There were no deaths in the series. Endotracheal intubation had a lower rate of com- 
plication than treatment with tracheostomy. A small, select group was conservatively managed 
with close observation. The use of antibiotics and steroids was analyzed. Suggested guidelines 


for management of epiglottitis are presented. 


Epiglottitis is an infectious disease 
which affects mostly young children. 
There is a well-recognized morbidity 
and mortality as a consequence of the 
acute airway obstruction, characteristic 
of this disease. Prior to 1900, laryngeal 
diphtheria was acknowledged as the 
main cause of acute infectious airway 
obstruction. In 1900, Theisen! des- 
cribed three cases of “angina epiglot- 
tidea anterior.” In the 1940s, Sinclair? 
and Alexander et al? each presented ten 
patients with acute obstructive laryngi- 
tis, associated with Hemophilus influenza 
type B positive blood cultures. Miller* 
proposed the difference in pathophys- 
iology between supraglottic and sub- 
glottic types of laryngeal inflammation. 
In the 1950s and 1960s, epiglottitis still 
carried a significant mortality rate. Jones 
and Camps? reported a series of 29 pa- 
tients, of which 26 died secondary to 
acute airway obstruction. The last 20 
years have seen an increase in the recog- 
nition of epiglottitis and a decrease in 
the morbidity and mortality. This has 
been the result of early identification 
and prompt and effective airway man- 
agement. A review of the past decade's 
experience in epiglottitis was recently 
undertaken at Children's Hospital of 
Philadelphia. These 64 cases demon- 
strate an evolution in the management 
of this disease. 


CLINICAL FEATURES 


Epiglottitis accounts for 1 of every 
1,000 pediatric admissions The age 
range in the literature varies from nine 
days to adulthood; however, the vast 
majority of cases occur in the two to 
four-year-old group. H. influenza type B 
is by far the most important causative 
organism, although others including 
group A beta-hemolytic Streptococcus, 
Staphylococcus aureus and Diplococcus 
pneumonia have been implicated. 


The child with epiglottitis frequently 
presents with a recent history of upper 
npo infection complicated by sig- 
nificant fever and difficult or noisy 
breathing. There is often a history of 
diminished appetite and poor oral in- 
take which progresses to dysphagia and 
drooling. The child usually complains 
of a sore throat and the voice is char- 
acteristically “muffled.” 


Examination may reveal a general 
condition ranging from restlessness and 
agitation to lethargy and stupor. The 
child may be mildly stridorous or may 
present with cyanosis, acute respiratory 
distress or even frank shock. Depend- 
ing upon the degree of airway obstruc- 
tion, the neck may be hyperextended 
and the nostrils flared as the child tries 
to maximize his greatly compromised 
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airway. An erythematous and swollen 
epiglottis can often be seen by a careful 
examination of the oropharynx. 


The diagnosis of epiglottitis frequent- 
ly is made by the presence of swollen 
supraglottic structures on a lateral neck 
x-ray. In some of these cases, the diag- 
nosis may have to be confirmed by di- 
rect laryngoscopy. 


Epiglottitis usually begins as an in- 
flammation of the lingual surface of the 
epiglottis. It progresses to involve most 
of the structures of the supraglottic 
larynx; for this same reason, epiglottitis 
may be more appropriately termed sup- 
raglottitis. 


Some authors have suggested that 
the mechanism of acute obstruction in- 
volves the loose, swollen supraglottic 
region which is drawn into the glottis 
and occludes the lumen.* Others, how- 
ever, feel that the swollen, rigid supra- 
glottic area causes pooling of secretions. 
The accumulation of these secretions in 
an already compromised airway can 
lead to complete obstruction.’ 


RESULTS 


The charts of patients with the di- 
agnosis of epiglottitis treated from 
March 1968 to September 1978 at the 
hospital were reviewed. Sixty-four pa- 
tients were identified with a diagnosis of 
epiglottitis confirmed by physical exam, 
lateral neck x-ray or direct laryngos- 
copy. 


The age range was ten months to 75 
years with an average age of three years 
ten months. There was a marked male 
predominance (44 males, 20 females) in 
contrast to other reports in the litera- 
ture.’ An increase in the yearly inci- 
dence of epiglottitis probably reflects 
an improvement in recognition of the 
symptoms of the disease. There ap- 
peared to be a slight prevalence of epi- 
glottitis during the winter months, and 
minor epidemics often occurred. 


The lateral neck x-ray was extremely 
useful in diagnosis, being positive in 
77% of cases. Blood cultures were posi- 
tive for H. influenza in 64% of the pa- 
tients, while cultures of the upper res- 
piratory tract, including throat. trachea, 
nasopharynx, larynx and epiglottis, re- 
vealed a wide variety of organisms. Ab- 
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normal chest radiographs with either 
atelectasis or infiltrates were found in 
25% of cases. 


Ampicillin was the antibiotic of choice 
in the series, being used in 98% of pa- 
tients. Chloramphenicol was employed 
in 58% of cases in combination with am- 
picillin. There was no evidence of ampi- 
cillin-resistant H. influenza. Steroids 
were utilized in just over half of the 
patients. 


Airway management consisted of 
tracheostomy, endotracheal intubation 
or close observation. Tracheostomy was 
performed in 20 patients, all of whom 
were in the early years of the study 
(31%). Endotracheal intubation was 
used in 29 cases (45%). Eighteen pa- 
tients were initially managed by close 
observation; three of these ultimately 
needed either intubation or trache- 
ostomy to preserve an airway. 


There were no fatalities in the 64 
cases which were reviewed. A morbidity 
rate of 50% was found in those patients 
where tracheostomy was performed. 
Self-decannulation occurred in six pa- 
tients. Other complications included 
mucus plugging of the tube, bleeding 
from the tracheostomy site, pneumome- 
diastinum and pneumothorax. 


Of the 29 patients treated with endo- 
tracheal intubation, 9 (31%) sustained 
complications. These consisted of self- 
extubation in all but one case. The re- 
maining child suffered the loss of his 
upper incisors during intubation. 


Eighteen patients were treated ini- 
tially with only close observation. Three 
of these ultimately required either 
tracheostomy or intubation. There were 
no complications in any patient initial- 
ly managed by close observation. 


The length of hospital stay ranged 
from 1 to 17 days and averaged 6.9 
days. Those patients treated with tra- 
cheostomy averaged 9.1 days in the hos- 
pital while those who were intubated or 
observed remained in the hospital for 
6 and 5.5 days, respectively. Patients 
with tracheostomy were decannulated 
after an average of 6.1 days, while those 
with nasotracheal tubes were success- 
fully extubated within 2 days. 


No long-term complications of either 
tracheostomy or endotracheal intu- 
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- bation^were found in our review. Sev- 
eral children underwent subsequent 
general anesthetics for unrelated prob- 
lems, and. no reports of stridor or evi- 
dence of subglottic stenosis were noted. 


DISCUSSION 


Until the advent of endotrachael intu- 
bation for epiglottitis in the early 1970s, 
the sole form of therapy, in cases where 
an artificial airway was necessary, was 
tracheostomy. Benjamin and O'Reilly, 
Fearon and Cinnamond? and Cohen and 
Chai? have reported series from major 
pediatric centers which favor the use of 
tracheostomy as the form of airway 
management in epiglottitis. They cite 
the low mortality and morbidity which 
they have achieved as their rationale for 
continuation of this form of treatment. 


In the early 1970s, several reports ap- 
peared recommending endotracheal in- 
tubation for epiglottis. Tos! in 1973 
and Schuller and Birck'? in 1975 demon- 
strated no mortality and low morbidity 
with intubation. The long-term compli- 
cations of subglottic stenosis which 
plagued Striker et al"? failed to develop 
in these series. 


The advantages of tracheostomy in- 
clude providing an airway which is se- 
cure and which can be easily maintained 
by nursing staff. This is particularly im- 
portant in institutions where personnel 
are unfamiliar with the management of 
endotracheal tubes. Once the trache- 
ostomy wound has matured, the trache- 
ostomy tube may be easily replaced by 
a nurse in the event of accidental de- 
cannulation, Replacement of an endo- 
tracheal tube requires a person skilled 
in laryngoscopy. While subglottic ste- 
nosis may be a complication of a trans- 
laryngeal airway, it is seldom seen as a 
result of a tracheostomy. Tracheal ste- 
nosis, however, can occur secondary to 
tracheostomy. 


Even in recent years, tracheostomy 
has not been without some mortalitv and 
significant morbidity. Tucker and Sil- 
berman'* reported a series of 350 pedi- 
atric tracheostomies which included 
16.57 mortality and 46% morbidity. 
Schuller and Birck'? presented a series 
of 748 tracheostomies with 3.6% mortal- 
itv and 12% morbiditv. More recent stud- 
ies include Cantrell et al'5 with ap- 
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proximately 1% mortality in 348 cases 
and Gaudet et al'^ with 3.2% mortality 
and 32% morbidity in 123 pediatric 
tracheostomies. 


Endotracheal intubation, on the other 
hand, does not require an operative pro- 
cedure and usually results in a shorter 
duration of airway intervention. Some 
authors'? have suggested that the naso- 
tracheal tube has a dilative effect on the 
edematous tissues of the supraglottic 
larynx which provides a 30 to 60-minute 
period of airway patency should acci- 
dental extubation occur. This margin of 
safety is absent in the tracheostomy 
group. Our series also reported a lower 
incidence of morbidity (31% vs 50%) 
with endotracheal intubation. While 
subglottic stenosis can be a long-term 
complication with a translaryngeal air- 
way, our series fails to demonstrate that 
problem. 


In the early years of our study, tra- 
cheostomy was the treatment of choice 
at the hospital when airway interven- 
tion was required. During the 1970s, 
this mode of therapy was replaced by 
nasotracheal intubation which has re- 
sulted in a lowered morbidity rate and 
shorter hospital stay. 


Conservative airway management in 
epiglottitis is very controversial. This 
disease may present with a spectrum of 
symptoms ranging from mild sore throat 
without stridor to frank toxemia and 
complete airway obstruction. Milder cas- 
es may go untreated or treated as rou- 
tine upper respiratory infections (the 
diagnosis of epiglottitis unsuspected ) 
without airway intervention. Eighteen of 
our patients with minimal airway symp- 
toms were closely monitored in our in- 
tensive care unit where trained person- 
nel were always available to provide an 
artificial airway. In three patients who 
were observed for several hours, airway 
difficulties progressed and tracheostomy 
or intubation became necessary. The re- 
maining 15 patients were successfully 
observed without morbidity or mortal- 
ity. While many authors have con- 
demned this mode of treatment, we feel 
that with the proper personnel and fa- 
cilities, close observation can be an ac- 
ceptable form of therapy in mild cases 
of epiglottitis. 


The use of steroids in epiglottitis is 
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also controversial." Steroids were used 
in approximately half of our patients in a 
random fashion that reflected the indi- 
vidual opinions of the attending staff 
and house officers. Our retrospective re- 
view failed to define any difference in 
the use or omission of steroids in terms 
of the length of intubation, tracheostomy 
or hospital stay. We realize, however, 
the limitations of such a review and ad- 
vocate a controlled prospective analysis 
to determine the usefulness of steroids 
in decreasing airway edema associated 
with infectious processes. 


Suggested Management. In view of 
the wide variety of presentations of chil- 
dren with epiglottitis, the management 
of each patient is dependent upon the 
degree of upper airway obstruction, pro- 
gression of the disease, and the experi- 
ence of the institution. The initial eval- 
uation is performed by a team reaa: 
of a pediatrician, anesthesiologist, and 
otolaryngologist. If the condition of the 
child permits, a lateral neck x-ray is 
frequently obtained in order to confirm 
the diagnosis. The x-ray is done in either 
the emergency room or intensive care 
unit and provisions for immediate air- 
way control are always available. 


In those children with evidence of 
minimal upper airway obstruction, ob- 
servation alone is practiced in the inten- 
sive care setting where intubation can 
be performed immediately if symp- 
toms worsen. Because acute obstruction 
can be potentially catastrophic, even in 
an intensive care unit, any child who ap- 
pears to have a marginal airway is in- 
tubated. 


Endotracheal intubation has become 
the treatment of choice at the hospital 
in those cases where an artificial airway 
has been deemed necessary. Orotracheal 
intubation is performed in the operating 
room, if possible, with both an anesthesi- 
ologist and an otolaryngologist present 
and prepared for immediate broncho- 
scopy and/or tracheostomy. After place- 
ment of the endotracheal tube the oto- 
laryngologist examines the supraglottic 
structures by direct laryngoscopy and 
obtains the appropriate cultures. The 
orotracheal tube is then replaced by a 
nasotracheal tube which is securely su- 
tured or taped in place. The child is re- 
turned to the intensive care unit where 
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the nursing staff is skilled in the man- 
agement of cardiorespiratory problems. 
An anesthesiologist or otolaryngologist is 
always available in the event. of self-ex- 
tubation or other problems. The child 
may need restraints in order to prevent 
accidental self-extubation. The child re- 
mains intubated for 24 to 48 hours, at 
which time a repeat direct laryngoscopy 
is done at the bedside under light gen- 
eral anesthesia. Extubation is allowed if 
a decrease in the supraglottic edema has 
occurred. 


Supportive care consists of hydration 
and intravenous antibiotics after blood 
cultures are obtained. Ampicillin is the 
drug of choice in H. influenza epi- 
glottitis. Although not demonstrated in 
our series, ampicillin-resistant organisms 
can be a factor in epiglottitis. Therefore, 
chloramphenicol is administered until 
the culture and sensitivity results are 
available. The use of steroids remains 
controversial and dependent upon the 
experience and the personal preference 
of the attending staff. 


CONCLUSIONS 


The past ten years experience with 
epiglottitis at Children's Hospital of 
Philadelphia has paralleled the literature 
as endotracheal intubation has replaced 
tracheostomy as the preferred form of 
therapy when an artificial airway is re- 
quired. While no mortality occurred in 
any of our patients managed with endo- 
tracheal tube or tracheostomy, endo- 
tracheal intubation carried a lower mor- 
bidity rate. No long-term complications 
of airway intervention appeared in 
either treatment group. 


This series has also shown that certain 
carefully selected patients with minimal 
airway symptoms can be successfully 
managed by observation alone; however, 
the potential for catastrophic results al- 
ways exists. This form of therapy should 
be practiced only in institutions where 
skilled personnel are always immediate- 
ly available. Establishment of an artifi- 
cial airway should be performed at the 
first hint of decompensation in this 
group of patients and should never be 
delayed so long that complete obstruc- 
tion or respiratory failure is allowed to 
occur. 
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JEWELRY CHAIN ON COTTONOIDS FOR CO, LASER SURGERY 


ALBERT H. Anprews, JR., MS, MD 


CHICAGO, ILLINOIS 


Cottonoids saturated with normal sa- 
line are essential for protecting the sub- 
glottic larynx, the trachea and the cuff 
of the intratracheal tube when applying 
the CO, laser and for protecting the 
intratrachael tube itself when passed 
through a tracheotomy or tracheostomy 
opening. The thread attached to the 
commercially available cottonoids is fre- 
quently difficult to place out of the way 
of the laser beam even though it is 
moistened. The thread makes removal of 
the cottonoids a simple procedure, but 
if the thread is severed by the beam, 
removal of the cottonoids with forceps 
may be troublesome. 


In place of the thread, a two-foot 
length of the fine nickle-plated jewelry 
chain (Bartlett and Co., Chicago) is 
pulled through the cottonoid after punc- 
turing with mosquito forceps one-quar- 
ter inch from the end (Fig. 1). The chain 
may be placed in an advantageous pos- 
terior position and will stay there be- 
cause of its weight and flexibility. The 
chain melts and is severed after three 
seconds of continuous and direct expos- 
ure at 30 W, an exposure far in excess of 
surgical use. 


The beam is reflected by the chain. In 


order to demonstrate this, the chain was 
placed near the end of a 6 mm tube 
lined with Thermofax heat-sensitive pa- 
per. The paper was discolored around 
the chain for an area of 42 sq mm at an 
exposure of 0.18 seconds at 30 W. As- 
suming that all of the power is reflected 
into the area, the power density is rc- 
duced more than 90% from that in the 
beam with a diameter of 2 mm. Al- 
though the reflected power density is 
harmlessly low, care must be taken to 
avoid lasing the chain on the cottonoid. 
Use of the chain solves what are some- 
times troublesome problems and is safe 
with the usual care exercised with the 
CO, laser. 





Fig. 1. 


Two-foot-long fine 
chain passed through a cottonoid. 


jewelry 
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OPTICAL STYLET 


AN AID TO INTUBATION AND TEACHING 


G. Berci, MD 
R. Katz, MD 


Los ANGELES, CALIFORNIA 


An optical stylet was developed which can be inserted into an endotracheal tube, and the 
passage through the vocal cords and position of the cuff in the trachea could be controlled 
visually. It is of great help in difficult intubations in adults and children. It became an invalu- 
able tool in teaching endotracheal intubation by coupling a teaching attachment (beam splitter ) 
to the optical system. The operator and the second observer (student) can see the actual ma- 


nipulations simultaneously. 


Anyone performing endotracheal intu- 
bation is aware of the difficulties in 
recognizing the entire anatomy and its 
variations.’ During the first step, after 
the patient is anesthetized, a laryngo- 
scope (curved or straight blade) is in- 
troduced and the tongue elevated. In 
general we are confronted with three sit- 
uations: 


l. The overhanging epiglottis com- 
pletely obscures the vision. 


2. The epiglottis obscures the anterior 
part of the cords but the posterior com- 
missure, the arytenoids, and part of the 
cords are visible. 


3. The anterior and posterior commis- 
sures are well visible. 


Even in the most ideal position, if the 
cords are completely seen during the in- 
troduction of the endotracheal tube, at 
the most crucial moment the tube ob- 
scures the vision and the advancing ma- 
neuver is completed in a semiblind man- 
ner. Next, proper positioning of the cuff 
in relation to the tracheal bifurcation is 
assessed by auscultation of both lungs to 
assure symmetrical ventilation. This 
method can fail if we are dealing with 
a large chest or an obese patient. An ad- 
ditional problem of impaired visualiza- 
tion exists in patients with a short neck 
or a high (anterior) positioning of the 


cords. 


From the Division of Surgical Endoscopy, 


Often the anesthesiologist introduces 
a malleable stylet which is inserted in 
the endotracheal tube to be used as a 
stiffener and to improve the maneuver- 
ability of the soft endotracheal tubes. 
The above-mentioned difficulties cou- 
pled with the experience gained from 
using a direct laryngoscope or a rigid 
bronchoscope, under visual control, 
prompted us to develop the rigid optical 
stylet. It can be introduced into the lu- 
men of any standard endotracheal tube 
in the adult range from size 7 upwards. 


The optical stylet consists of an outer 
sheath and a straight forward-looking 
telescope with a fiberlight incorporated 
(Fig. 1). The outer sheath serves multi- 
ple purposes. 


a. It protects the telescope from acci- 
dental breakage and adds significantly 
to the stability. 


b. A sliding adaptor (Fig. 1-A) 
couples the connector to the various 
types of endotracheal tubes. 


c. A Luer-lock inlet assures continu- 
ous oxygen (or air) insufflation during 
intubation, provides positive pressure in 
the front of the lens to avoid fogging, 
and improves oxygenization during the 
intubation process. 


The telescope which is previously at- 
tached to an external light source via a 
flexible fiber cable is introduced into 
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Fig. l. Top: Endotracheal tube (size 7). 


ward) with built-in fiberlight illumination (F 
and connector to oxygen (O) or air and lock 


Middle: Telescope view 0? (straight-for- 
h pon Outer sheath with adapter (A) 
Ta) 





Fig. 2. Optical stylet assembled. Telescope with outer sheath, introduced into the endo- 
tracheal tube. Connections are provided to oxygen (O) with IV tubing, and to external 


light source through a fiberoptic cable (F). 


this outer sheath and locked into posi- 
tion. The assembled telescope, con- 
nected to oxygen and the light source, is 
inserted into the endotracheal tube and 
its position secured by the adaptor. The 
telescope position is slightly recessed. 
Looking through the telescope a small 
part of the protruding tip of the endo- 
tracheal tube should be seen. In case of 
an overhanging epiglottis, under visual 
control we can lift the epiglottis with 
this protruding tip of the endotracheal 
tube (Fig. 2). The optical stylet is with- 
drawn and the endotracheal tube is at- 
tached to the anesthetic machine. The 
entire procedure takes only a few sec- 
onds. 


Advantages of this rigid optical stylet 
are as follows: 


l. The tip can be maneuvered with 
ease because of the rigidity. 


2. Illumination is vastly improved 
compared with the small battery-oper- 
ated globe provided in the standard in- 
tubating laryngoscopes. 


3. The wide-angle view of the tele- 
scope displays the anatomy in much 
greater detail with a brighter enlarged 
image than can be observed from a dis- 
tance of 10-15 inches outside the oral 
cavity. 


4. Passage of the endotracheal tube 
through the cords is guided by precise 
visibility (Fig 3). 


5. Accurate location of the cuff per- 
mits viewing the bifurcation and assess- 


*Karl Storz Endoscopy America, Inc, Los Angeles, CA. 





Fig. 3. Selected frames from a 16mm 
color:movie strip taken through the optical 
stylet during the introduction of the endo- 
tracheal tube (ET). The entire vocal 
cords are well seen as are the anterior and 
posterior commissures, arytenoids and 
piriform fossa. The number beside the 
pictures indicate the selected frames. 
Filming speed: 16 frames/second. The 
frame sequences depicted are: 1, 11, 24, 
32, 42, and 70. The passage of the tube 
through the cords to the final position 
was achieved in five seconds. The ad- 
vancement through the cords and the po- 
sition of the cuff were performed under 
precise visual control. (Courtesy of 
Anesthesiology! ) 








ing visually the distance from the carina 
to the tip of the endotracheal tube, thus 
avoiding endobronchial intubation and 
unilateral ventilation. 


A prerequisite of smooth intubation is 
proper positioning of the head. It is sim- 
ilar to the position required for direct 
laryngoscopy or rigid open-tube bron- 
choscopy. 


The optical stylet has been used in 
several hundred cases with great suc- 
cess. The intubating laryngoscope is still 
employed because it helps to elevate the 
back of the tongue and facilitates the in- 
troduction. A miniaturized version of 
the optical stylet allowing the use of an 
endotracheal tube size 4 was developed 
for pediatric cases. 


TEACHING 


In those departments where endo- 
tracheal intubation is taught, it is very 
difficult to give the resident or student 
observer a simultaneous view of the 
various manipulations and tricks-of-the- 
trade employed during the procedure. 
With a beam splitter or teaching attach- 
ment (Fig. 4), the observer can see the 
actual maneuver and follow the entire 
procedure. When the student performs 
the intubation the teacher, at the other 
end, can instruct and correct the various 
manipulations. 


CONCLUSIONS 


The rigid optical stylet can be em- 
ployed in the overwhelming majority of 


Fig. 4. Optical stylet during introduction. Observer can see the entire procedure simul- 
taneously with the endoscopist through the teaching attachment (arrow ). 
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difficult intubations. There are certain 
situations where it will fail: in patients 
with a fracture of the cervical spine 
where the head cannot be positioned at 
all, and in patients with trismus, eg, with 
a severe arthritic mandibular joint de- 
formity with restricted movements of the 
mandible. In these few cases the trans- 
nasal approach, using a flexible fiber in- 
tubating laryngoscope (or flexible bron- 
choscope) with an endotracheal tube 
placed on the instrument, is the tech- 


nique of choice. In general, use of flex- 
ible fiberscopes is much more complex 
from. the viewpoint of instrumentation, 
and requires more skill. 


The rigid optical stylet has proved to 
be an important adjunct in the majority 
of difficult intubations in adults and in 
children. It could become a very impor- 
tant tool in teaching, allowing simul- 
taneous observation by the operator and 
the observer. 
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VALUE OF RADIONUCLEOTIDE SCANNING IN THE STAGING OF 
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The presence or absence of distant metastases in squamous cell carcinoma of the head and 
neck is critical in making rational therapeutic decisions. Radionucleotide bone and liver scans 
are frequently utilized in the initial evaluation of these patients for possible distant metastases. 
The true value of routine bone and liver scans in the initial staging of primary squamous cell 
carcinoma of the head and neck is unknown. One hundred eighteen patients with primary squa- 


mous cell carcinoma of the head and neck, evalu 
tively reviewed. Eight percent were stage I, 1 
cause metastatic carcinoma of the head and ne 
prevalence of liver and bone metastases limits tl 
conclude that routine bone and liver scanning 


ated during a five-year period, were retrospec- 
8% stage Il, 21% stage III, 53% stage IV. Be- 
ck is primarily regional or pulmonary, the low 
he usefulness of these radionucleotide scans. We 
is not a valuable diagnostic technique in the 


initial staging of head and neck carcinoma when clinical or biochemical evidence of distant 


metastases is not present. 


The incidence of occult regional 
metastases in squamous cell carcinoma 
of the head and neck at initial diagnosis 
is estimated from 5% to 602.5 In 1923 
only 1% of the patients with head and 
neck carcinoma had distant metastases 
at autopsy.^ More recent series yielded 
distant metastases in 17% to 46% of pa- 
tients.7-1° 


In 1977, Merino and his associates: 
reported on 5,000 patients with squa- 
mous cell carcinoma of the upper respi- 
ratory and digestive tract in a retrospec- 
tive review. Initial evaluation had failed 
to identify any distant metastases. Dis- 
tant metastases developed in 11% of 
these patients 9 to 24 months following 
treatment. Lung metastases were most 
frequent occurring in 52%, bone meta- 
stases occurring in 20% and spread to the 
liver in 6%. 


As a rule, basic scientific advances 
acquire notoriety only after their practi- 
cal. applications. Radiology started on 

-November 8, 1895, when Roentgen pro- 
duced the first x-ray image of his wife’s 
hand. There is no such clear-cut starting 
date for nuclear medicine, although a 


practical starting point would be 1946, 
when the Atomic Energy Commission 
first made artificial radioisotopes actual- 
ly available outside a restricted research 
area.” 


This study was initiated to compare 
the accuracy of routine bone and liver 
scans versus clinical evaluation to identi- 
fy distant metastases at initial diagnosis 
in patients with squamous cell carci- 
noma of the head and neck. 


METHODS AND MATERIALS 


This was a retrospective study of 118 pa- 
tients with squamous cell carcinoma of the 
head and neck treated at the University of 
Pennsylvania and its affiliated hospitals. Of 
the 118 patients reviewed, 49% were Caucasian 
males, 36% non-Caucasian males, 4% Caucasian 
females, and 11% non-Caucasian females. There 
were 100 males and 18 females. The age range 
at the time of diagnosis was from 23 to 88 
years, with 42% of the sample in the 50 to 59- 
year range and 34% age 60-69 years. 


Analysis included retrospective staging ap- 
plying the American Joint Committee’s 1976 
Classification? to all lesions, initial bone and 
liver scans, appropriate x-rays and the follow- 
ing liver-function tests: alkaline phosphatase, 
albumin, bilirubin, lactic ^ dehydrogenase 
(LDH), serum glutamic-oxaloacetic trans- 
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aminase (SGOT) and serum glutamic- i 
transaminase ( SGPT). g c-pyruvic 


The liver was classified as normal if breath 
and consistency were within normal limits to 
palpation. The neurologic status was judged 
normal, if the review of systems disclosed no 
complaints suggesting impairment, and if a 
screening neurological examination was within 
normal limits. 


RESULTS 


Sites of disease were distributed as 
follows: tongue 19%, tonsil 14%, pharynx 
15%, nasopharynx 4%, hypopharynx 114, 
supraglottic larynx 20%, and glottis 17%. 
Combining all sites of disease, 8% were 
stage I, 18% stage II, 21% stage III, and 
53% stage IV. 


Bone scans were performed on 105 
of the 118 patients. Ninety-two percent 
were normal, 6% had local invasion, 1% 
exhibited distant metastases, and one 
patient had Paget disease. Six patients 
with abnormal bone scans had roent- 
genographic findings demonstrating 
fracture or degenerative joint disease 
with spur formation. These are included 
in the normal scans. 


At the time of the completion of the 
study 27 of the 118 patients were de- 
ceased. The period of follow-up was 4 
to 72 months. Of the living patients no 
note was made as to evidence of tumor. 
Fifty-five percent of these patients have 
been followed less than one year and 
32% less than six months. 


Liver scans were performed on 116 
of the 118 (98%) patients. There were 
no focal defects in any of the liver scans. 
Serum enzyme determinations showed 
that among 98 patients with normal al- 
kaline phosphatase 2 patients had 
evidence of local invasion by bone scan 
and 1 patient had distant bony metas- 
tasis, giving a false-negative rate of 
3%. Of seven patients with abnormal 
alkaline phosphatase three could be 
identified as having bone lesions by 
scan. The remaining four patients had a 
history of ethanol abuse. 


DISCUSSION 


Squamous cell carcinoma in the head 
and neck primarily spreads by direct ex- 
tension and to the regional lymphatics.”* 
The incidence of distant metastases 1N- 
creases in advanced stages of the dis- 
ease. Extranodal disease is related more 
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to the N stage of the disease than the T 


stage.'* The most frequent site of extra- 
nodal metastasis is the lung.'5 


The true worth of liver'and bone scan- 
ning is uncertain. The presence of a 
positive liver scan may be dependent 
upon the biology of a tumor and mode 
of infiltration within the hepatic paren- 
chyma. Studies indicated varying sen- 
sitivity of liver scans for different tumor 
types, with an overall accuracy of 77.3% 
and greatest accuracy when lesions were 
2.5 cm or larger.!^? 


Metastatic spread to the liver in 
adenocarcinoma of the colon, oat cell 
carcinoma of the lung, and bronchogenic 
carcinoma has also been evaluated by 
careful examination, blood chemistry 
studies, surgical exploration of the liver, 
and liver scans. There is a high correla- 
tion between elevated liver function 
tests or a paplable liver and the extent 
of metastatic disease. The reliability of 
liver scans is enhanced in patients with 
an elevation of at least one of the liver 
function tests or with a palpable liver. 
The overall accuracy of liver scans is 
78%. When liver function tests are com- 
pared to the status of the liver at opera- 
tion, there is a 66% correlation. Patients 
with normal liver function tests and a 
nonpalpable liver have normal liver 
scans. Although the majority of liver 
function tests may be within normal 
limits, patients with liver scans sugges- 
tive of metastatic disease should under- 
go diagnostic exploration.***° 


In oat cell carcinoma of the lung and 
bronchogenic carcinoma, the use of liver 
scans as routine screening procedures, 
does not add additional information in 
patients without evidence of clinical or 
serum hepatic dysfunction.*^^* 


There is no doubt concerning the ac- 
curacy of liver scans in metastatic dis- 
ease when the lesion is greater than 2.5 
cm.7 Because hepatic metastases are: m- 
itially extracellular, levels of the enzyme. 
alkaline phosphatase, which is found in 
the ground substance lining the sinus- 
oids and bile canaliculi, are elevated 
early. 


Of the commonly used laboratory 
tests, the serum alkaline phosphatase. 
direct fraction of bilirubin, and SGOT 
are reported to be most frequently ab- 
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Fig. 4. Incidence and sites of additional multicentric primary malignancies with an 


index tumor in the pharyngeal area. 


primary malignancies 55.4% occurred in 
the lung, a figure nearly three times that 
of the next most common site, the esoph- 
agus. 


Figure 6 is a composite graft listing 
the sites of distant primary malignancies 
in patients with an index malignancy in 
the oral, pharyngeal or laryngeal areas. 
The most commonly observed distant 
primary malignancies were in the colon- 
rectal area and in the urinary bladder. 
The highest incidence of “three or more” 
primary malignancies was found in pa- 
tients with an index malignancy in the 
oral area, while the lowest incidence 
was found in patients with an index ma- 
lignancy in the pharyngeal area. Two 
patients developed four separate pri- 
mary malignancies within the area of 
multicentricity, Two other patients de- 
veloped five separate primary malig- 
nancies within the same confines. 


DISCUSSION 


An incidence of 11.5% multiple pri- 
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maries in 1,518 patients with an index 
'ancer on the mucosal surface of the 
oral, pharyngeal and laryngeal areas 
reinforces the original conclusions of 
Warren and Gates! that a person with 
one cancer is more apt to develop a sec- 
ond cancer than would be expected by 
chance alone. Although their original 
study reported an incidence of 3.74, 
subsequent studies describe a gradually 
increasing rate of recognition of second 
cancers. A figure of 11.5% is not unusual- 
ly high. In studies limited to particularly 
vulnerable areas such as the skin or 
oral cavity, the incidence of second pri- 
mary cancers can climb as high as 16%. 


Despite this disturbing trend, these 
figures are probably low and most likely 
the actual frequency even exceeds the 
reported frequency. Several reasons can 
be given to support this contention: 1) 
many posttreatment cancer patients are 
lost to follow-up, so that subsequent pri- 
mary malignancies may never be re- 
ported to the original physician; 2) 
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difficult intubations. There are certain 
situations where it will fail: in patients 
with a fracture of the cervical spine 
where the head cannot be positioned at 
all, and in patients with trismus, eg, with 
a severe arthritic mandibular joint de- 
formity with restricted movements of the 
mandible. In these few cases the trans- 
nasal approach, using a flexible fiber in- 
tubating laryngoscope (or flexible bron- 
choscope) with an endotracheal tube 
placed on the instrument, is the tech- 
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nique of choice. In general, use of flex- 
ible fiberscopes is much more complex 
from the viewpoint of instrumentation, 
and requires more skill. 


The rigid optical stylet has proved to 
be an important adjunct in the majority 
of difficult intubations in adults and in 
children. It could become a very impor- 
tant tool in teaching, allowing simul- 
taneous observation by the operator and 
the observer. 
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The presence or absence of distant metastases in squamous cell carcinoma of the head and 
neck is critical in making rational therapeutic decisions. Radionucleotide bone and liver scans 
are frequently utilized in the initial evaluation of these patients for possible distant metastases. 
The true value of routine bone and liver scans in the initial staging of primary squamous cell 
carcinoma of the head and neck is unknown. One hundred eighteen patients with primary squa- 
mous cell carcinoma of the head and neck, evaluated during a five-year period, were retrospec- 
tively reviewed. Eight percent were stage I, 18% stage Il, 21% stage II, 53% stage IV. Be- 
cause metastatic carcinoma of the head and neck is primarily regional or pulmonary, the low 
prevalence of liver and bone metastases limits the usefulness of these radionucleotide scans. We 
conclude that routine bone and liver scanning is not a valuable diagnostic technique in the 
initial staging of head and neck carcinoma when clinical or biochemical evidence of distant 


metastases is not present. 


The incidence of occult regional 
metastases in squamous cell carcinoma 
of the head and neck at initial diagnosis 
is estimated from 5% to 604.'-5 In 1923 
only 12 of the patients with head and 
neck carcinoma had distant metastases 
at autopsy.? More recent series yielded 
distant metastases in 17% to 46% of pa- 
tients.7-1° 


In 1977, Merino and his associates" 
reported on 5,000 patients with squa- 
mous cell carcinoma of the upper respi- 
ratory and digestive tract in a retrospec- 
tive review. Initial evaluation had failed 
to identify any distant metastases. Dis- 
tant metastases developed in 11% of 
these patients 9 to 24 months following 
treatment. Lung metastases were most 
frequent occurring in 52%, bone meta- 
stases occurring in 20% and spread to the 
liver in 6%, 


As a rule, basic scientific advances 
acquire notoriety only after their practi- 
cal. applications. Radiology started on 

; November 8, 1895, when Roentgen pro- 
duced the first x-ray image of his wife’s 
hand. There is no such clear-cut starting 
date for nuclear medicine, although a 


practical starting point would be 1946, 
when the Atomic Energy Commission 
first made artificial radioisotopes actual- 
ly available outside a restricted research 
area.’ 


This study was initiated to compare 
the accuracy of routine bone and liver 
scans versus clinical evaluation to identi- 
fy distant metastases at initial diagnosis 
in patients with squamous cell carci- 
noma of the head and neck. 


METHODS AND MATERIALS 


This was a retrospective study of 118 pa- 
tients with squamous cell carcinoma of the 
head and neck treated at the University of 
Pennsylvania and its affiliated hospitals. Of 
the 118 patients reviewed, 49% were Caucasian 
males, 36% non-Caucasian males, 4% Caucasian 
females, and 11% non-Caucasian females. There 
were 100 males and 18 females. The age range 
at the time of diagnosis was from 23 to 88 
years, with 42% of the sample in the 50 to 59- 
year range and 34% age 60-69 years. 


Analysis included retrospective staging ap- 
plying the American Joint Committee’s 1976 
Classification" to all lesions, initial bone and 
liver scans, appropriate x-rays and the follow- 
ing liver-function tests: alkaline phosphatase, 
albumin, bilirubin, lactic ^ dehydrogenase 
(LDH), serum glutamic-oxaloacetic trans- 
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aminase (SGOT) and serum glutamic-pyruvic 
transaminase (SGPT). 


The liver was classified as normal if breath 
and consistency were within normal limits to 
palpation. The neurologic status was judged 
normal, if the review of systems disclosed no 
complaints suggesting impairment, and if a 
screening neurological examination was within 
normal limits. 


RESULTS 


Sites of disease were distributed as 
follows: tongue 19%, tonsil 14%, pharynx 
15%, nasopharynx 4%, hypopharynx 114, 
supraglottic larynx 20%, and glottis 17%. 
Combining all sites of disease, 8% were 
stage I, 18% stage II, 21% stage III, and 
53% stage IV. 


Bone scans were performed on 105 
of the 118 patients. Ninety-two percent 
were normal, 6% had local invasion, 1% 
exhibited distant metastases, and one 
patient had Paget disease. Six patients 
with abnormal bone scans had roent- 
genographic findings demonstrating 
fracture or degenerative joint disease 
with spur formation. These are included 
in the normal scans. 


At the time of the completion of the 
study 27 of the 118 patients were de- 
ceased. The period of follow-up was 4 
to 72 months. Of the living patients no 
note was made as to evidence of tumor. 
Fifty-five percent of these patients have 
been followed less than one year and 
32% less than six months. 


Liver scans were performed on 116 
of the 118 (98%) patients. There were 
no focal defects in any of the liver scans. 
Serum enzyme determinations showed 
that among 98 patients with normal al- 
kaline phosphatase 2 patients had 
evidence of local invasion by bone scan 
and 1 patient had distant bony metas- 
tasis, giving a false-negative rate of 
3%. Of seven patients with abnormal 
alkaline phosphatase three could be 
identified as having bone lesions by 
scan. The remaining four patients had a 
history of ethanol abuse. 


DISCUSSION 


Squamous cell carcinoma in the head 
and neck primarily spreads by direct ex- 
tension and to the regional lymphatics." 
The incidence of distant metastases in- 
creases in advanced stages of the dis- 
ease. Extranodal disease is related more 


to the N stage of the disease than the T 
stage. The most frequent site of extra- 
nodal metastasis is the lung.*® 


The true worth of liver and bone scan- 
ning is uncertain. The presence of a 
positive liver scan may be dependent 
upon the biology of a tumor and mode 
of infiltration within the hepatic paren- 
chyma. Studies indicated varying sen- 
sitivity of liver scans for different tumor 
types, with an overall accuracy of 77.3% 
and greatest accuracy when lesions were 
2.5 cm or larger.!*'* 


Metastatic spread to the liver in 
adenocarcinoma of the colon, oat cell 
carcinoma of the lung, and bronchogenic 
carcinoma has also been evaluated by 
careful examination, blood chemistry 
studies, surgical exploration of the liver, 
and liver scans. There is a high correla- 
tion between elevated liver function 
tests or a paplable liver and the extent 
of metastatic disease. The reliability of 
liver scans is enhanced in patients with 
an elevation of at least one of the liver 
function tests or with a palpable liver. 
The overall accuracy of liver scans is 
78%. When liver function tests are com- 
pared to the status of the liver at opera- 
tion, there is a 66% correlation. Patients 
with normal liver function tests and a 
nonpalpable liver have normal liver 
scans. Although the majority of liver 
function tests may be within normal 
limits, patients with liver scans sugges- 
tive of metastatic disease should under- 
go diagnostic exploration.'*-”° 


In oat cell carcinoma of the lung and 
bronchogenic carcinoma, the use of liver 
scans as routine screening procedures, 
does not add additional information in 
patients without evidence of clinical or 
serum hepatic dysfunction.?°** 


There is no doubt concerning the ac- 
curacy of liver scans in metastatic dis- 
ease when the lesion is greater than 2.5 
cm.17 Because hepatic metastases are. in- 
itially extracellular, levels of the enzvme. 
alkaline phosphatase, which is found in 
the ground substance lining the sinus- 
oids and bile canaliculi, are elevated 
early. 


Of the commonly used laboratory 
tests, the serum alkaline phosphatase, 
direct fraction of bilirubin, and SGOT 
are reported to be most frequently ab- 


834 


normal in malignant liver involvement. 
Fractionation of serum alkaline phos- 
phatase further eliminates the risk of 
confusing elevated intestinal, bone or 
liver alkaline phosphatase. 


Hepatic lactic dehydrogenase is also 
elevated early in the serum. The total 
lactic dehydrogenase is elevated two to 
ten times normal, with the highest val- 
ues occurring in patients with liver meta- 
stases. Fractionation of serum lactic de- 
hydrogenase separates the hepatic LDH 
from the LDH of other organs.???* The 
differential diagnosis of disease based 
on pattern changes of LDH isoenzymes 
shows the LDH; , fraction elevated in 
neoplastic disease of the liver.?5 


Bone scanning was introduced in 
1961.'^ Regions of high bone turnover 


^, in metastatic disease are associated with 


foci of high alkaline phosphatase activ- 
ity, and therefore, present surface area 
available for exchange and adsorption of 
radionucleotides. The bone scan is a 
very sensitive method for detecting dis- 
ease that elicits a localized reparative 
reaction.?? 


In patients with skeletal pain asso- 
ciated with a normal roentgenogram, the 
bone scan can be used to determine 
whether a demonstrable lesion is cur- 
rently active. Also, it permits traumatic 
fractures to be distinguished from patho- 
logic fractures.?8 


In breast carcinoma, lymphatic and 
lymph node permeation does not neces- 
sarily precede blood-borne dissemina- 
tion of malignant cells. Commonly, the 
initial site of recurrent disease in breast 
carcinoma is the skeleton, and therefore, 
postoperative discovery of evolving 
metastases is most often made by bone 
scan.?**? This supports the value of pre- 
operative scanning combined with se- 
quential postoperative scans in the diag- 
nosis of metastatic breast carcinoma.?^*: 
A close association is seen between ab- 
normal bone scans and constitutional 
symptoms of pain or an elevated alka- 
line phosphatase in osseous metastases 
of breast carcinoma.*? 


Forty percent of women with positive 
bone scans and negative roentgeno- 
grams at initial diagnosis survive at least 
eight years free of metastatic disease.** 
Currently, bone scans are not obtained 
prior to initiating regional therapy to 


WOLFE ET AL 


exclude osseous breast carcinoma metas- 
tases.?* 


The diagnostic usefulness of any test 
is significantly modified by the preva- 
lence of the targeted abnormality in the 
population? In squamous cell carci- 
noma of the head and neck, the lung is 
the most frequent site for extranodal 
metastases.!^!? Because 53% of our cases 
were stage IV at initial diagnosis, a high 
incidence of positive scans is anticipated 
if there exists a high prevalence of extra- 
pulmonary metastases. 


Of the 15 patients with elevated liver 
enzymes, only three had elevations on 
repeat testing. No patient had sufficient 
elevation to warrant a suspicion of liver 
metastases, The mild-to-moderate eleva- 
tions of the liver enzymes are explained 
on the basis of malnourishment and 
ethanol abuse. 


In the initial evaluation of patients 
with squamous cell carcinoma of the 
head and neck, it is advisable to per- 
form liver or bone scans only if there is 
hepatomegaly, bone pain or elevation 
of the fractionated alkaline phosphatase 
and lactic dehydrogenase. 5 Only one 
bone scan revealed distant metastases, 
and the patient had a normal alkaline 
phosphatase. Therefore, the incidence of 
distant bone metastases with a normal 
alkaline phosphatase is 1.1% (1/89). 
Within 95% confidence limits, the true 
incidence of distant bone metastases 
with a normal alkaline phosphatase is 
less than 4.9% 


Seven patients had mild-to-moderate, 
elevated alkaline phosphatase and nor- 
mal liver and bone scans. This elevation 
is explained on the basis of ethanol 
abuse, although fractionations were not 
done.*e 


In those patients with squamous cell 
carcinoma of the head and neck with- 
out clinical evidence of distant metas- 
tasis, the number of liver and bone 
metastases which can be detected by 
scanning techniques is low. Because ex- 
trapulmonary metastases are uncommon 
in squamous cell carcinoma of the head 
and neck, radionucleotide scanning does 
not add additional information beyond 
a careful clinical and serum enzyme 
evaluation. 


Because squamous cell carcinoma of 


RADIONUCLEOTIDE SCANS IN STAGING 


the head and neck most commonly me- 
tastasizes to the lung, it is unfortunate 
that there presently exists no sensitive 
indicator capable of identifying early 
pulmonary metastases. F urther analysis 
concerning pulmonary uptake of gal- 
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lium** may be useful Differences in 
tumor biology or avidity for gallium** 
after initiation of therapy, have limited 
its diagnostic ability. This is reflected 
by a wide differential range of radio- 
nucleotide uptake.?7:5 
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The histopathologic findings in a case of laryngeal cleft, studied by serial sectioning, and 
a literature review of this clinical entity are presented. The primary micropathologic findings ` 
include a cleft deformity of the posterior cricoid lamina, and alterations in muscle differentia- 
tion involving the interarytenoid and posterior cricoarytenoid muscles. Possible embryogenic 
mechanisms are discussed. The clinical picture is characterized by signs and symptoms of as- 


piration with airway obstruction, and definitive 


diagnosis is achieved by endoscopic examina- 


tion. Treatment consists of surgical repair, although some patients with type 1 laryngeal clefts 
may be managed on a conservative trial. The need for uniform classification of laryngeal clefts 


in future reporting is emphasized. 


Cleft larynx is a rare congenital 
anomaly involving the absence of fusion 
of the posterior cricoid lamina, thus ef- 
fecting an abnormal communication be- 
tween larynx and esophagus. This de- 
fect in partition may be confined to the 
larynx alone, or extend down the trache- 
oesophageal septum as far as the carina, 
ond terms such as laryngotracheoesopha- 
geal cleft and persistent esophago- 
trachea have been used to depict these 
conditions more specifically. Because of 
its relative obscurity as a recognized 
clinical entity, mortality in these patients 
was quite high. Even today the burden 
of diagnosis may in some cases be for- 
midable, although clinicians are gen- 
erally more aware of its existence, and 
this in turn has helped to improve the 
accuracy of diagnosis. This communica- 
tion presents the histopathologic find- 
ings in a case of laryngeal cleft studied 
by serial sectioning, and relates these 
findings to a review of the literature on 
pathogenesis, clinical presentation, diag- 
nosis, and treatment of this interesting 
congenital entity. 


CASE REPORT 


A Caucasian male child, the product 
of a 40-week gestational period weigh- 


ing 2780 gm, was born to a 19-year-old 


primigravida. Pregnancy was unremark- 
able, and there was no hydramnios. Be- 
cause of a face presentation and a bor- 
derline pelvis, the patient was delivered 
by cesarean section. 


Immediately upon birth, the patient 
was noted to be cyanotic with intermit- 
tent apnea. The cry was weak and there 
was evidence of stridor An endo- 
tracheal tube was inserted with diffi- 
culty, and during the intubation the epi- 
glottis was observed to be displaced to 
the left. Spontaneous respirations were 
elicited and the patient was extubated. 
However, respiratory distress soon re- 
curred, and this necessitated replace- 
ment of the tube. 


On physical examination the patient 
demonstrated marked facial edema, 
complete bilateral cleft lip and palate, 
low-set ears, and a hypoplastic left 
pinna. The tongue was normal. The 
lungs revealed bilateral rhonchi but no 
rales. Cardiac examination showed very 
faint heart sounds. There was evidence 
of bilateral hip dislocations, and there 
was a single umbilical cord artery. 
Neurologic examination revealed a poor 
Moro reflex and poor tone. 


Passage of a nasogastric (NG) tube 
was attempted without success. A chest 
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Fig. 1. Diagram illustrating extent of 
laryngotracheoesophageal cleft. 


film was obtained, and showed the tube 
to be residing in the right mainstem 
bronchus. On lateral view the tube could 
be seen lying anterior to the endotra- 
cheal tube. The heart was found to be 
bootshaped in configuration, and there 
was hyperaeration of both lungs, but 
no evidence of consolidation. 


Under fluoroscopic control it was dis- 
covered the tube could not be passed 
beyond the level of T-2. Contrast ma- 
terial, injected through the tube, was 
seen to flow immediately into the tra- 
chea. The radiographic findings sug- 
gested a tracheoesophageal communica- 
tion in the total upper third of the air- 
wav, and the presumptive diagnosis of 
a laryngotracheoesophageal cleft was 
then made. An NG tube was eventually 
passed into the stomach, and this ex- 
cluded the possibility of a concomitant 
atretic esophagus. 


On the evening of the first day of life, 
the patient underwent tracheostomy and 
endoscopy under general anesthesia. 
The surgeon noted during the procedure 
that the trachea was devoid of its carti- 

. laginous rings and felt abnormally soft. 
Once the trachea was entered, the 
esophagus could be visualized through 
a defect in the posterior tracheal wall. A 
No. 1 Silastic® tube was inserted. Direct 
laryngoscopy was performed, and 
showed the tracheostomy tube to be 
satisfactorily situated. The cleft was also 
observed and found to extend through 
the larynx to the level of the trache- 
ostomy. 
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Following the procedure the patient 
showed signs of ventilatory improve- 
ment. However, the trend was transient, 
and over the ensuing two days the pa- 
tient's condition worsened. A gastric di- 
vision with gastrostomy tube placement 
was planned, but later postponed be- 
cause of the patient's progressive de- 
cline in cardiopulmonary function. A 
chest x-ray demonstrated consolidation 
of the right upper lobe, and arterial 
gases reflected increasing hypoxemia re- 
fractory to all measures. It was sus- 
pected that the patient also had multiple 
congenital cardiac defects which were 
contributing to the grave outlook. The 
patient died on the fourth day of life. 


The autopsy findings recorded multi- 
ple congenital anomalies including: 
bilateral cleft lip and palate, transposi- 
tion of the great vessels with double 
outlet right ventricle, atrial and ventric- 
ular septal defects, bicuspid aortic valve, 
bilateral congenital hip dislocations, 
single umbilical artery, and laryngo- 
tracheoesophageal cleft. The lungs re- 
vealed atelectasis and congestion. The 
rest of the gastrointestinal and genito- 
urinary systems were unremarkable. 


The laryngotracheoesophageal com- 
plex was removed en bloc for examina- 
tion including serial sectioning. On gross 
examination the laryngeal cleft involved 
the cricoid and upper 2 cm of the tra- 
chea. Although no tracheal rings were 
present for a distance of 1 cm below the 
tracheotomy site, the inferior limit of the 
cleft would have corresponded to at 
least the sixth to seventh ring (Fig. 1).? 


Comment. Laryngeal clefts can be 
usefully classified into three different 
types*: type 1 for defects involving the 
larynx only, type 2 for defects extending 
partiallv down the length of the trachea 
(partial laryngotracheoesophageal clett ), 
and type 3 for malformations involving 
the entire tracheoesophageal septum 
(complete ^ laryngotracheoesophageal 
cleft). This infant had a type 2 laryn- 
geal cleft, and presented with signs of 
respiratory compromise. Although the 
patient had marked facial edema and 
turned out to have congenital heart dis- 
ease as well, the presence of stridor and 
a weak cry was suspicious for a lesion 
involving the larynx and/or tracheo- 
bronchial tree. The existence of associ- 
ated congenital anomalies is not un- 
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Fig. 2. a) Section demonstrating posterior splaying of the cricoid and (A) parame- 
dian orientation of the posterior cricoarytenoid muscle. Cleft can be seen at (C) (H&E, 
X10). b) Normal posterior cricoarytenoid muscle seen at top arising from laminal crest. 
Note almost transverse orientation of its fibers. Compare with (a) (H&E, X14). 


y v E (A 


Fig. 3. a) Section demonstrating small island of cartilage (A) adjacent to cleft. 





bi 


Smaller condensation can be seen on opposite margin. B - Abrupt termination of interary- 
tenoid muscle (H&E, X14). b) Normal interarytenoid muscle. Compare with (a) 


(H&E, X10). 


common in this condition.* The radio- 
graphic findings were striking and im- 
mediately suggested the diagnosis. The 
performance of a tracheostomy was an 
important therapeutic adjunct, even 
though the patient failed to survive long 
enough for definitive repair. While the 
mortality from laryngotracheoesophageal 
clefts is well known, death in this pa- 
tient would have to be ascribed to a pri- 
mary cardiac cause. 


HISTOPATHOLOGY 


Review. In their discussion of the his- 
topathologic findings of two cases of 
laryngeal clefts, Delahunty and Cherry? 
noted atrophic changes of the interary- 


tenoideus muscle and lateral subluxation 
of the cricoarytenoid joints. Other re- 
ported findings have included splaying 
of the cricoid and tracheal cartilages,° 
complete absence of the tracheal rings,” 
partial to complete replacement of the 
tracheal respiratory epithelium by eso-. 
phageal squamous mucosa,?? and. de- 
ficiency of the cricoarytenoid muscles.'? 


Methods and Findings. The present 
specimen was prepared according to the 
suggested method of Tucker et al, and 
serial sectioning after celloidin embed- 
ding was performed in a horizontal 
oblique plane at 20y thickness. The path- 
ologic findings were highly restricted to 
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Fig. 4. Section through trachea near lower limit of the cleft. A - Esophageal squa- 
mous mucosa; B - Tracheal respiratory epithelium; C - Incomplete fusion of tracheal 


ring. (H&E, X10) 


defects in chondrogenesis and muscle 
differentiation. The cricoid was the most 
notable cartilaginous structure affected, 
exhibiting a cleft-like deformity reach- 
ing through the entire posterior lamina. 
In addition there was splaying of the 
posterior cricoid plates (Fig. 2a). Of 
special interest were tiny islands of car- 
tilage embedded within the submucosa 
of the cleft, and which could represent 
arrested foci of developing cricoid tissue 
(Fig. 3a). The tracheal cartilages de- 
monstrated incomplete fusion of some 
rings and total absence of the third, 
fourth, and fifth rings (Fig. 4). No 
cuneiform cartilages could be identified. 
The remaining laryngeal cartilages were 
essentially normal. 


The interarytenoid muscle was pres- 
ent, but showed signs of partial agenesis 
with fibers terminating abruptly at the 
interface of the cleft (Fig. 3a and 3b). 
The ‘posterior cricoarytenoid muscles 
were intact, but because of the splayed 
configuration of the cricoid, the muscles 
appeared to occupy a more paramedian 
orientation than normal (Fig. 2a and 
2b). The other intrinsic muscles were 
unremarkable, while the esophageal 
musculature exhibited the normal inner 
circular and outer longitudinal bundles. 
Study of the epithelial lining failed to 
demonstrate any significant encroach- 


ment by esophageal squamous mucosa 
upon the ciliated respiratory epithelium 
of the airway, and transition. between 
the two occurred near the margins of the 
cleft (Fig. 4). Both superior and recur- 
rent laryngeal nerves were intact and 
found in their normal anatomic locations 
(Fig. 5). 


Comment. The above findings appear 
to bear considerable functional signifi- 
cance. With the cricoid lamina unfused 
and splayed posteriorly, the sphincteric 
function of the vocal folds may be ham- 
pered and the patient rendered vulner- 
able to aspiration. The loss of proper 





Fig. 5. Section through cricoarytenoid 
joints. A - Interarytenoid muscle; B - Re- 
current laryngeal nerve. (H&E, X12) 


if 








LARYNGEAL CLEFTS 







841 


Tracheal 
groove on s 
floor of ` 7 


Fig. 6. Redrawn illustrations depicting location of tracheal groove on floor of fore- 


gut. A) Coronal section with view from ab 


ove (with permission from Hamilton”), B) 


Midsagittal section (with permission from Arey”). +i 


cartilaginous support within the trachea 
may cause inspiratory collapse of its 
walls and result in further airway com- 
promise. The atypical DE of the 
posterior cricoarytenoid muscle could, in 
effect, reduce the traction distance from 
the laminal crest of the cricoid to the 
muscular process of the arytenoid, and 
thereby weaken the muscle's abductive 
capability. This may also serve to ex- 
plain the absence of lateral cricoaryten- 
oid joint subluxation in our specimen 
(Fig. 5), an observation which Dela- 
hunty and Cherry? had ascribed in a 
nonsplayed specimen to the deficiency 
of the interarytenoideus muscle and the 
resulting unopposed traction of the pos- 
terior cricoarytenoids. Furthermore, the 
presence of a normal, ciliated epithe- 
lium lining the airway in the case pre- 
sented could facilitate the proper clear- 
ance of tracheobronchial secretions, es- 
pecially had the patient lived long 
enough for a surgical repair. This find- 
ing should be distinguished from those 
of other investigators in which squa- 
mous epithelium lined the airway.^?^? 


furrow 


Trachea 
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Fig. 7. Early development of the tra- 
cheoesophageal septum as lateral furrows 
project inwards and pinch off the common 
tracheoesophageal tube. A) Lateral view 
(redrawn with permission from Arey“). 
B) Cross-sectional view. 


EMBRYOLOGY AND PATHOGENESIS 


The anlage of the respiratory system 
starts as a sagittal slit on the floor of 
the foregut called the tracheal groove 
(Fig. 6).* This slit gradually deepens 
into the mesodermal substance of the 
foregut and appears first as a ridge and 
then as a pouch or diverticulum along 
the ventral surface of the primitive 
gut.'* Lateral furrows then indent along 
the juncture between diverticulum and 
esophagus and project inwards as lateral 
lips which later fuse toward the midline, 
starting caudally and advancing in a ros- 
tral direction, and thereby separating 
the laryngotracheal tube in front from 
the esophagus in back (Fig. 7). This 
represents the early formation of the 
tracheoesophageal septum, and its de- 
velopment is complete to the level of 
the first tracheal ring between the fifth 
to sixth week of gestation.'? 


Meanwhile the cricoid cartilage be- 
gins at five weeks as a concentration of 
mesenchymal tissue in the inferior por- 
tion of the sixth arch. Developing fur- 
ther as two lateral centers of cartilage 
the cricoid fuses ventrally at six toe A 
and dorsally at seven weeks.!5 Any inter- 
ruption in the dorsal fusion of the cricoid 
lamina will result in a cleft communica- 
tion between larynx and esophagus, and 
a concomitant abortion in the differénti- 
ation of the tracheoesophageal septum 
will give rise to a cleft extending a vari- 
able distance down the trachea, depend- 
ing on the stage of arrest. Blumberg et 
al'* in 1965 suggested that the arrest in 
the forward advancement of the tracheo- 
esophageal partition prevents the dorsal 
fusion of the cricoid cartilage. The re- 
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ports .of cleft anomalies affecting only 


the cricoid, plus the fascinating ee) 
P 


who hada common tracheoesophageal 
tube with an intact cricoid cartilage, 
documented by Welch and Husain,” 
suggest that other mechanisms are at 
play. 

Comment. It is interesting to note 
that 37% of type 1 laryngeal clefts had 
concomitant tracheoesophageal fistulas 
and/or esophageal atresia so that some 
abnormality in tracheoesophageal fusion 
occurred .in about 80% of all laryngeal 
clefts. On the other hand, the incidence 
of laryngeal defects in patients with 
tracheoesophageal fistula is very low.® 
It may be possible that an unknown fac- 
tor or factors exerting inhibitive influ- 
ence on both septum formation and cri- 
coid fusion may be responsible. 


DISCUSSION 


Richter? is generally credited with 
the first diagnosis in 1792 when, upon 
digital examination of an infant's mouth, 
he found the gullet and larynx to consti- 
tute a common cavity. It wasn’t until a 
century and a half later that Finlay’ 
described the second case in 1949. In 
1955 Pettersson? reported the first suc- 
cessful surgical repair of a cleft larynx. 
In all, 59 cases have been documented 
previously in the English literature.” 
Few of these were studied histologically 
in serial fashion. Type 1 and type 2 
clefts have been the most prevalent, 
while type 3 defects have been the least 
common. There was no overall sex pre- 
dilection, although there appeared to be 
slightly more males with type 2 defects. 
About 30% of the patients had a history 
of either prematurity and/or hydramnios 
complicating pregnancy, and the inci- 
dence was higher for those in the type 
3 category. Unlike tracheoesophageal 
(TE) fistulas, a familial link has been 
deseribed in three sibships*!??:59 with 
Phelan et al proposing a possible auto- 
somal dominant pattern of transmission. 
Tracheoesophageal fistulas were co- 
existing anomalies in about 20% of cleft 
patients, and the majority of them were 
associated with proximal esophageal 
atresia. Other congenital anomalies such 
as harelip, cleft palate, subglottic sten- 
osis, pulmonary anomalies, cardiovascu- 
lar defects, gastrointestinal and genito- 





urinary malformations have also been 
reported. *253541 


Clinical Presentation. The most criti- 
cal problem facing infants having a 
laryngeal cleft is that of repeated aspira- 
tion leading to pneumonia and eventual- 
ly death. These infants frequently pre- 
sent with varying degrees of respiratory 
distress which is exacerbated or precipi- 
tated by attempts at feeding. Coughing, 
choking, regurgitation, and attacks of 
cyanosis are characteristic. In addition, 
these patients may present with laryn- 
geal stridor and excess mucus secre- 
tions. Aberration in voice has been de- 
scribed and the mechanism is usually at- 
tributable to some alteration in cord 
movement, or a result of air leakage 
through the cleft.?*?9 The symptomatic 
severity of these patients is generally 
proportionate to the extent of the cleft 
formation,? with types 2 and 3 present- 
ing more dramatically than those with 
cricoid clefts alone. While most patients 
are symptomatic from birth, Montgom- 
ery and Smith reported a case of type 1 
laryngeal cleft in a 48-year-old patient 
who presented with complaints of dys- 
phagia, aspiration, progressive hoarse- 
ness, and dyspnea. There was no history 
of neonatal respiratory distress or feed- 
ing difficulties.*? 


Differential Diagnosis. Tracheoeso- 
phageal fistula and bilateral choanal 
atresia are the clinical entities most 
likely to be confused with a cleft lar- 
nyx,*'^ although other anatomic defects 
of the aerodigestive tract should also be 
considered. According to Cohen,*? other 
conditions that predispose to aspiration 
include CNS lesions causing abnormali- 
ties in the swallowing act, physiologic 
diseases of the esophagus such as cri- 
copharyngeal spasm, and neuromuscular 
disorders such as myasthenia gravis or 
amyotonia congenita. 


Diagnosis. Stridor and dysphonia are 
uncommon in TE fistulas, and if pres- 
ent may serve as a point of differenti- 
ation. A careful neurologic examination 
will help to exclude those causes of 
central or neuromuscular origin. Maneu- 
vers such as passing a nasal catheter will 
help rule out choanal atresia, while pas- 
sage of an NG tube into the stomach 


*References 1, 3-10, 12, 16-44. Detailed tabular information may be obtained from the author. 
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will eliminate the presence of an esopha- 
geal atresia. 


Radiographic studies should be in- 
cluded in the diagnostic armamentar- 
ium. Roentgenograms of the chest will 
often demonstrate an aspiration-type 
pneumonia and hyperaeration. An ab- 
normally anterior position taken by the 
NG tube on lateral projection may also 
suggest the defect. Of most use, how- 
ever, is the cine-esophagram. As dye is 
introduced from a nursing bottle or in- 
jected through a tube, a high spillover 
of contrast into the trachea will be seen 
almost simultaneously as the dye enters 
the esophagus. A high H-type TE fistula 
or pharyngeal incoordination can also 
simulate these findings, but the normal 
negative soft tissue shadow between 
tracheal and esophageal lumen cannot 
be demonstrated entirely? in type 2 or 
type 3 clefts since the tracheoesopha- 
geal septum is deficient. This, however, 
cannot serve as a distinguishing factor in 
type 1 clefts, and one is left with the 
conclusion that definitive diagnosis by 
radiographic means alone is unlikely. 
Because of the almost inevitable aspira- 
tion of contrast during the procedures, 
laryngoscopy and placement of an endo- 
tracheal tube prior to the radiographic 
studies have been recommended.* 


Direct endoscopic observation of the 
cleft remains the definitive method of 
diagnosis.'^? Various techniques such 
as spreading apart the tissues in the in- 
terarytenoid area, and probing with a 
laryngeal spatula*? have been recom- 
mended to ensure the reliability of diag- 
nosis. Furthermore, the use of general 
anesthesia has been advocated since an 
agitated, crying infant may cause the 
edges of the cleft to approximate and 
escape detection. An important as- 
sociated finding is the herniation of 
esophageal mucosa into the larynx or 
trachea, presenting as a soft tissue 
mass.??954? This may obscure the pres- 
ence of the cleft. One should also be- 
ware of confusing the normal interary- 
tenoid notch for a cleft malformation,?? 
and be cognizant of the possible co- 
existance of a TE fistula. Every effort 
should be made to determine the extent 
of the cleft, as it will influence the type 
of treatment. Special instruments have 
been devised for this purpose.*%4% 


Treatment. Respiratory embarrass- 
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ment should be managed without hesi- 
tation by means of endotibcttal intuba- 
tion or preferably tracheostomy. Gastric 
decompression and tube. alimentation 
are also essential and while. NG tubes 
may be sufficient at the outset, conver- 
sion to a gastrostomy is recommended 
because of the potential risk of airway 
obstruction should the tube kink for- 
ward through the cleft.» Any evidence 
of aspiration pneumonia should, of 
course, be treated with appropriate anti- 
biotics and vigorous tracheobronchial 
toilet. Care toward the patient's general 
status will help maximize his or her sur- 
vival from prospective surgery. 


The surgical repair can be executed 
through various approaches. The ante- 
rior approach or laryngofissure affords 
excellent and direct exposure,'? but may 
render the larynx unstable and require 
stent and keel to maintain the anterior 
commissure. The posterior approach in- 
volves entering the hypopharynx and 
esophagus from behind, and thus avoid- 
ing the recurrent laryngeal nerves. The 
lateral pharyngotomy offers an excellent 
simultaneous view of both laryngeal and 
esophageal defects, but exposes the su- 
perior and recurrent laryngeal nerves 
to possible damage.** The actual repair 
should be carried out in two layers. The 
use of permanent versus absorbable 
sutures is probably not as important as 
the layered closure. No attempt need be 
made to close the interarytenoid mus- 
cle, although the repair should be 
taken slightly above the level of the true 
cords. Some have recommended incor- 
porating a cuff of esophageal wall in the 
tracheal closure to reinforce the repair.* 
Complications resulting from surgical 
correction have included reseparation of 
the cleft, tracheal granulation tissue at 
the anastomotic site, esophageal stric- 
ture, and persistence of mild aspira- 
tion. *:109,12 " 


Of the different types of laryngeal 
clefts, only the type 1 variety have been 
able to survive without surgery. On the 
other hand, about half of these patients 
died when no repair was performed. For 

atients who exhibit aspiration. even 
rom endogenous secretions, a trache- 
ostomy and gastrostomy should be per- 
formed with surgical correction antici- 
pated. For patients who are minimally 
to moderately symptomatic when fed, 
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but are able to handle pharyngeal se- 
cretions well, gastrostomy or NG feed- 
ings are advised with gradual advance- 
ment to thickened feedings. Surgical 
intervention is probably indicated for 
those who show no improvement on high 
viscosity feedings. 


Surgery appears mandatory for the 
long-term survival of type 2 laryngeal 
clefts. All these patients should have 
tracheostomies and gastrostomies when- 
ever possible. The type of surgical ap- 
proach did not appear to affect survival 
except in those patients who were sub- 
jected to simultaneous thoracotomy and 
cervical explorations. None of these pa- 
tients survived. Other factors contribut- 
ing to the operative morbidity and 
mortality include inadequate repair and 
the presence of other congenital defects, 
especially those affecting cardiopulmon- 
ary function. 


No type 3 laryngeal clefts survived 
without repair, and only one surgical 
survival is reported in the literature.** 
Tracheostomy | and gastrostomy are 
again important adjunctive measures. 
A staged repair is probably the most 
prudent approach, with the first stage 
directed toward separating the respira- 
tory and alimentary tracts from below 
via a gastric division, for example, and 
the second stage aimed toward the re- 
construction of separate air and food 
passages using bowel rotation methods. 
Hopefully this latter stage can be de- 
ferred to such time when the patient can 
better tolerate an extensive procedure. 


SUMMARY 


Congenital laryngeal cleft is a rare 
entity which is becoming more common- 
ly recognized. Its primary histopatho- 
logic findings include a cleft deformity 


LIM ET AL 


of the cricoid lamina with alterations 
in the interarytenoid and posterior cri- 
coarytenoid muscles. Its pathogenesis is 
related to some defect in cricoid fusion 
and tracheoesophageal septum forma- 
tion. The clinical picture is manifested 
by signs and symptoms of airway ob- 
struction secondary to aspiration of food 
and secretions into the tracheobronchial 
tree. With judicious interpretation of 
physical signs and radiographic find- 
ings, and the careful employment of en- 
doscopic methods, a correct diagnosis 
should be possible in all cases. Treat- 
ment should be directed first to the re- 
spiratory status of the patient with pro- 
tection of the airway from further aspir- 
ation being imperative for the survival 
of the infant. General therapeutic guide- 
lines have been presented, particularly 
in regard to type 1 laryngeal clefts, since 
it appears that surgical intervention is 
not necessarily indicated for all patients 
in this category. 


The literature review and histopatho- 
logic findings of this study formulate 
five key considerations. Three of these, 
from the histopathology, are: 1) sep- 
arate condensations of embryonic cricoid 
cartilage can be present adjacent to the 
cleft interface; 2) lateral splaying of the 
cricoid lamina allows for paramedian 
displacement of the posterior cricoaryte- 
noid muscles without arytenoid sublux- 
ation; and 3) respiratory epithelium 
may line the cleft respiratory tract and 
allow for physiologic clearance of secre- 
tions. The remaining two considerations, 
deduced from the literature, are: 1) 
the existence of additional etiologic fac- 
tors jointly affecting both cricoid fusion 
and tracheoesophageal septum forma- 
tion; and 2) the need for uniform use of 
the systematic classification of clefts of 
the laryngotracheoesophageal complex 
in future reporting. 
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-MULTIPLE PRIMARY MALIGNANCIES OF THE 
UPPER AERODIGESTIVE SYSTEM 


P Donain’ P, VRABEC, MD 
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Multiple primary carcinomas were found in.11.5% of 1,518 patients presenting with an 
index tumor in the oral, pharyngeal. or laryngeal areas. These additional malignancies were sub- 
divided into two groups: 1) those occurring in.distant or unrelated tissues and 2) those occur- 
ring in a multicentric zone défined as including. the oral area, pharyngeal area, larynx, esopha- 
gus and tracheobronchial tree, Although’ some trends were noted, a primary lesion may be found 
anywhere in the zone of multicentricity.-'The.dynamic nature of the progressive transition of 
the. potentially malignant tissues in ‘the--multicentric zone is reemphasized. The physician, 
treating patients with head and neck cancer, should be prepared not only to cope with simul- 


taneously occurring primary cancers but also to'be constantly vigilant for the later development 


of subsequent primary carcinomas. 


. Multiple primary cancers developing 
in the same patient is not an unusual 
phenomenon. ` Most authors, includin 
Warren and Gates,! credit Bilroth wi 
having described the first case of multi- 
le primary carcinomas in 1860, al- 
ough it was not until some years later 
that the actual report was published. 
Since then, the topic has been the sub- 
ject of many studies reporting the inci- 
dence of multiple primary malignancies 
from several different viewpoints. Some 
of the studies are based on autopsy 
findings.+* Others are based on a com- 
bination of clinical and autopsy find- 
ings? while many other reports deal 
with the association of second primary 
malignancies following an index cancer 
in one particular organ or system. De- 
spite the varied approaches to the prob- 
lem, it is generally agreed that a person 
with one carcinoma is more liable to 
develop a second than can be explained 
by chance alone.? Jt is difficult to get a 
true incidence of the problem, although 


' figures ranging from 1 to 11% have been 


reported. Accompanying the increased 
number of cases reported. is an appar- 
ent increase in the rate of occurrence of 
multiple primary carcinomas in the same 
patient. Several factors can explain this 
trend including an increased awareness 
of the problem on the part of the phy- 
sician, better record keeping, more com- 
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plete pathologic study of the operative 
and autopsy specimens, an increased 
longevity of the general population al- 
lowing more patients to reach the “can- 
cer age” and, finally, better methods of 
treating and curing the initial carci- 
noma, thereby enabling many of these 
cancer victims to live long enough to 
develop additional primary malignan- 
cies, 

More important perhaps than de- 
termining an incidence rate in the gen- 
eral population was the observation on 
the part of many authors that there was 
a greater percentage of multiple primary 
carcinomas occurring in the same organ 
or in organs of the same system than 
there were developing in unrelated tis- 
sues. This suggested that entirely dif- 
ferent etiologic and pathologic mecha- 
nisms were involved, and that in order to 
establish greater significance the inci- 
dence rates in the two categories should 
be separated. Lund’ first reported such a 
study in a series of patients with buccal 
carcinoma and suggested that the find- 
ings may indicate the realtive importance 
between general factors such as heredi- 
ty, and local factors such as irritation. 
Serial studies of the mucosal surfaces 
of the oral cavity, larynx, lung and 
esophagus in suitably traumatized pa- 
tients have demonstrated multiple 
phases of epithelial changes through all 
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MULTIPLE PRIMARY MALIGNANCIES 


stages of carcinogenesis. It follows that 
there is progressive transformation to 
neoplastic change at different locations: 
within the sensitized epithelium ànd thàt 
these changes may occur at different 
time intervals. Multiple tumors thus oc- 


curring within a given area, simultane- . 
ously or metachronously, are designated . 


as “multicentric” in origin. 


The purpose of this paper is threefold: 
1) to report the incidence of multiple 
primary carcinomas in a patient popula- 


tion presenting with an index cancer in“ 


the oral, pharyngeal or laryngeal areas; 


2) to reemphasize the dynamic nature of . 


the progressive transition of the poten- 
tially malignant tissues in the multicen: 


tric zone; and 3) to suggest a regimen : 


of preoperative evaluation and post- 


operative observation to minimize over- - 


looking additional primary neoplasms 
at a time when they are most curable. 


METHODS AND MATERIALS 


Between 1959 and 1978, 1,518 patients 
presented with an index tumor on the mucosal 
surfaces of the head and neck. These pa- 
tients were subdivided into three categories 
based on the location of their malignancy in 
the oral area, the pharyngeal area or the 
larynx. The oral group included patients with 
an index malignancy of the buccal mucosa, 
palate, floor of the mouth, anterior two thirds 
of the tongue or the lip. The pharyngeal 
group included patients with index tumors of 
the tonsil, oropharynx, pyriform recess, hypo- 
pharynx and posterior one third of the tongue. 
The laryngeal group included patients with 
index tumors of the supraglottic, glottic, trans- 

lottic or the subglottic areas. The records of 

these 1,518 patients, obtained from the Tumor 
Registry at the Geisinger Medical Center, 
were then reviewed to determine and document 
the incidence of additional primary malig- 
nancies. These additional malignancies were 
subgrouped into one of two categories based 
on their location in the upper aerodigestive 
system or in unrelated distant sites. Those ad- 
ditional neoplasms developing in the upper 
aerodigestive system are classified as multi- 
centric in origin while those developing in 
unrelated tissues are classified as distant or 
separate primary malignancies. The multi- 
centric group includes all additional primary 
malignancies found in the oral area, the 
pharyngeal area, the laryngeal area, the esoph- 
agus or the tracheobronchial area including 
the lungs. 


Traditionally, the concept of "field can- 
cerization" is interpreted as being limited to 
> pal aa pe such La the fait cavity, 

e pharynx or the iarynx. en the literature 
is studied carefully, it seems there is justifi- 
cation for extending this concept of multi- 
centricity to include all those adjacent 
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structures subject to common - influences. 
Many studies document dysplastic and pre- 
malignant changes throughout the oral mu- 
cosa in patients with a proven oral cancer"? 
Similar local foci of epithelial transformation , 


.are commonly associated with malignant le-. 


sions in the larynx, 10-12, 


and. pul- 
monary structures." á 


esophagus" . 
' The association between esophageal can- 
cérs and'other cancers of the héad'and neck 
has been documented.""* Many authors re- 
port the association between lung cancer and 
laryngeal cancér .in the same patient.” 


. -Videbaek? suggests that the tendency to mul- 


ticentricity of oral carcinomas be extended to. 
include. the epithelium of the pharynx, 1 


arynx 
‘ahd’ esophagus. Goodner and Watson" re- 
: mark that the same predisposing factors ac- : 
tive in.causation of intraoral carcinoma ‘also 
.play a part in causing cancer of the esoph- 


agus. 


Multiple foci of malignancy in adjacent 
tissues imply a common susceptibility when 
exposed to carcinogenic" influences. Moertel? 
surmises that “multicentric neoplastic charges 
must be anticipated when, a common tissue 
-— presumably endowed: with a common sus- 
ceptibility to cancer — is exposed to common 
carcinogenic influence.” Given this premise, 
it seems logical that the oral area, the pharyn- 
geal area, the laryngeal area, the esophagus 
and the tracheobronchial area, exposed as 
they are to surface-contact carcinogens, either 
inhaled or ingested, will réspond by forming: 
multiple primary neoplasins, either simul. 
taneously or metachronously. It appears valid 
that the concept of "field cancerization" be 
broadened to encompass all areas of the oral 
cavity, pharynx, larynx, esophagus and res- 
piratory tract, and to consider all tumors aris- 
ing in this broad area to be of multicentric 
origin. 


Patients with index cancer in the nasal 
cavity, the sinuses and the nasopharynx were 
excluded from this study. It has been shown 
that these patients do not develop excess ad- 
ditional cancers.” A review of the records of 
89 patients with nasopharyngeal carcinoma 
seen during the tíme period covered by this 
study disclosed no additional multicentric car- 
cinomas and only an occasional unrelated pri- 
mary malignancy. Skin lesions likewise were 
excluded from this study as their large num- 
ber in a series such as this would only dilute 
the significance of the study and perhaps lead 
to unjustifiable conclusions regarding their as- 
sociation with tumors in other sites, 


Cases selected for this study include only 
those in which the diagnosis of both neo- 
plasms had been confirmed by laboratory 
examination and in which the clinical descrip- 
tions of the lesions erased any doubt as to 
their distinctness. The criteria established by 
Warren and Gates! were applied in the selec- 
tion of cases for this study. These include: 1) 
each of the tumors must present a definite 
picture of malignancy; 2) each must be dis- 
tinct; and 3) the probability that one was a 
metastatic lesion from-the other must be ex- . 
cluded. z - 
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Fig. 1. Interval between diagnosis of index and second primary multicentric malig- 


. nancies. -.- 
^ RESULTS 

‘Between 1959 and 1978, 1,518 pa- 
` tients with an index malignancy in the 
oral wes ray area or laryngeal 
area were entered in the Tumor Regis- 
try at the Geisinger Medical Center. 
One hundred seventy-five of these pa- 
tients fulfilled the criteria for multiple 
primary malignancies. These represent 
an incidence of 11.5%, Twenty-two 
(12.52) of the 175 patients were fe- 
male. Double multicentric primaries 
were found in 103 of the patients while 
double primaries of separate or unre- 
lated tissue origin were present in 51 pa- 
tients. Twenty-one patients had three 
or more primary malignancies. In 7.5% 
of the patients the second primary ma- 
lignancy developed within the multi- 
centric zone. In the remaining 4% the 
second primary malignancy originated 
at a distant or unrelated site. 


.- The index malignancies were distri- 
' Pbutéd relatively evenly between the 
- three, locations with 65 (37.1%) in the 


"al * oral Area, 46 (26.3%) in the pharyngeal 
' area and 64 (36.6%) in the laryngeal 


`. area. The specific anatomic subsites 
` within: the three. zones can be further 
analyzed: In the oral area, the most com- 
mon index tumors associated with ad- 
ditional primary. malignancies were the 
lip with 20. additional cancers and the 
. floor of the mouth with 18. Next in fre- 
: quency was'the tongue with 13 addition- 
. alcances 5 77 7o 7. 





Within the pharyngeal area, there 
was essentially an equal incidence of 
multiple malignancies associated with 
an index tumor in the upper or lower 
pharyngeal area. Twenty-one patients 
with an index tumor in the tonsil or 
oropharyngeal area had additional pri- 
mary malignancies while 25 from the 
lower pharyngeal area developed ad- 
ditional primary malignancies. 


Of the 64 patients with index tumors 
in the larynx, 43 (672) developed ad- 
ditional multicentric carcinomas while 
the remaining 21 (332) developed addi- 
tional malignancies in distant or un- 
related tissues. 


Figure 1 records the time interval be- 
tween the diagnosis of the first and sec- 
ond primary carcinomas in the 114 pa- 
tients with multiple malignancies of 
multicentric origin. In 31 (27.22) of the 
patients, multiple primary malignancies 
were discovered at the time of the in- 
itial work-up. In 20 additional patients, 
the second malignancy was discovered 
within 12 months of the index malig- 
nancy, making a total of 44.7% of the 
second primary malignancies presenting 
during the first year. An additional 17 
cancers were discovered during the sec- 
ond year, raising the figure to 60%. Ten 
cancers were discovered during the third 
year. Thereafter, the incidence of addi- 
tional primaries stablized at approxi- 
mately four per year. 


Similarly, Figure 2 records the inter- 





Number of Patients 


O 112 18-4 2536 3748 4960 61-72" 7384 8598 97108 











over 
108 


interval: in Months 


Fig. 2. Interval between diagnosis of index malignancy and & second primary ma: . + 


lignancy located in distant or unrelated tissues. 


val between the diagnosis of the first 
and second primary carcinomas in the 61 
patients who developed a second malig- 
nancy in distant or unrelated tissues. 
Again, it is seen that the highest inci- 
dence (39.4%) was during the first 12 
months following recognition of the in- 
dex malignancy. Fewer of these lesions 
were discovered simultaneous with the 
index malignancy. The discovery of an 
additional nine unrelated cancers dur- 
ing the second year elevates the figure 
to 54%. After the second year, the inci- 
dence rate dropped to an average of 
three per year. 


In both the multicentric and distant 
tissue groups, the majority of index tu- 
mors were discovered between the ages 
of 50 and 69 years, with 68.6% of index 
malignancies presenting during the sixth 
and seventh decades. 


Figures 3, 4 and 5 record the sites at 
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which additional multicentric primary 
malignancies developed with àn index 


tumor in the oral area, pharyngeal area , . 


or laryngeal area respectively. With an 
index tumor in the oral area, the most : 
common location of a second primary 

malignancy was another site within the 
oral cavity. The next most common site 
was the lung, followed by an approxi- 
mately equal incidence of second pri- 
mary malignancies of the esophagus and 
pharyngeal area. With an index tumor in 
the pharyngeal area, the most common- 
ly observed site of additional malignan- 
cies was the lung with 40.5% of the ad- 
ditional 37 primary malignancies (Fig. 
4). The next most commonly observed 
site was the esophagus with 27.1% of the 
additional 37 primary malignancies. 
With an index tumor in the laryngeal 
area (Fig. 5), the Jung is decidedly the 
most common location for additional 
primary malignancies. Of the additional 
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Fig. 3. Incidence and sites of additional multicentric primary malignanci $ with an Si 


index tumor in the oral area. 
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Fig. 4. Incidence and sites of additional multicentric primary malignancies with an 


index tumor in the pharyngeal area. 


primary malignancies 55.4% occurred in 
the lung, a figure nearly three times that 
of the next most common site, the esoph- 
agus. 


Figure 6 is a composite graft listing 
the sites of distant primary malignancies 
in patients with an index malignancy in 
the oral, pharyngeal or laryngeal areas. 
The most commonly observed distant 
primary malignancies were in the colon- 
rectal area and in the urinary bladder. 
The highest incidence of “three or more" 
primary malignancies was found in pa- 
tients with an index malignancy in the 
oral area, while the lowest incidence 
was found in patients with an index ma- 
lignancy in the pharyngeal area. Two 
patients developed four separate pri- 
mary malignancies within the area of 
multicentricity. Two other patients de- 
veloped five separate primary malig- 
nancies within the same confines. 


DISCUSSION 


An incidence of 11.5% multiple pri- 
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maries in 1,518 patients with an index 
cancer on the mucosal surface of the 
oral pharyngeal and laryngeal areas 
reinforces the original conclusions of 
Warren and Gates! that a person with 
one cancer is more apt to develop a sec- 
ond cancer than would be expected by 
chance alone. Although their original 
study reported an incidence of 3.74, 
subsequent studies describe a gradually 
increasing rate of recognition of second 
cancers. A figure of 11.5% is not unusual- 
ly high. In studies limited to particularly 
vulnerable areas such as the skin or 
oral cavity, the incidence of second pri- 
mary cancers can climb as high as 16%. 


Despite this disturbing trend, these 
figures are probably low and most likely 
the actual frequency even exceeds the 
reported frequency. Several reasons can 
be given to support this contention: 1) 
many posttreatment cancer patients are 
lost to follow-up, so that subsequent pri- 
mary malignancies may never be re- 
ported to the original physician; 2) 
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Fig. 5. Incidence and sites of additional multicentric primary malignancies with an 


index tumor in the laryngeal area. 
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Fig. 6. Composite grafts showing incidence and sites of distant primary malignan- 
cies in patients with index malignancy in the oral, pharyngeal or laryngeal areas. 


many patients dying of their original 
carcinoma do not have a postmortem 
examination so that other primary malig- 
nancies are not discovered; 3) at some 
sites, separate cancers may develop in 
proximity to each other and because of 
the confluence of their growth be diag- 
nosed as a single lesion; 4) the lack of a 
precise description of the original lesion 
may make it impossible to determine 
from the medical record whether a sub- 
sequent lesion is a recurrence of the 
original lesion or a new primary carci- 
noma; and 5) undoubtedly, many sec- 
ond cancers are misinterpreted as metas- 
tases from the original lesion and a de- 
termined effort is not made to separate 
the two entities. 


The real significance of a greater in- 
cidence lies in its implication of the fac- 
tors of immunity, heredity and environ- 
ment. An individual who develops mul- 
tiple primary malignancies in unrelated 
tissue is usually designated as "cancer 
prone" and the factors of heredity are 
implicated. This is especially true if 
there is a strong family history of carci- 
noma. When a patient develops multiple 
lesions in a local area or in anatomically 
related tissue, the implication is that an 
environmental surface contact carcino- 
gen may be responsible. Multiple pri- 


mary carcinomas at a local anatomic 
site are termed “multicentric” in origin. 
Traditionally, the oral cavitv has been 
the subject of such reports. Because the 


oral mucosa is readily available to exam- 


ination, dysplastic changes and pre- 
cancerous lesions can be readily ob- 
served and their progress followed. Sim- 
ilar generalized dysplastic and precan- 
cerous changes are associated with can- 
cers of the larynx and esophagus. Under 
carcinogenic influences multiple foci of 
epithelial change through all stages of 
carcinogenesis may be present in dif- 
ferent areas of the mucosa of the upper 
aerodigestive system. With varying de- 
grees of dysplastic changes at different 
mucosal sites, it follows that neoplastic 
transformation does not necessarily oc- 
cur simultaneously at each site, thus 
lending a temporal as well as a spatial 
variability to the development of the 
individual primary malignancies. These 
findings, as well as others documenting 
the association of multiple primary ma- 
lignancies throughout the upper aero- 
digestive system, support the concept of 
a multicentric zone extended to include 
the oral area, pharynx, larynx, esopha- 
gus, tracheobronchial tree and the lungs. 


One factor that precipitated an inter- 
est in this subject was the disturbing 
incidence of second primary cancers dis- 
covered early in the posttreatment pe- 
riod. In Figure 1, 20 additional pri- 
marv malignancies developed during 
the first posttreatment year. Eleven de- 
veloped between one month and six 
months posttreatment. Many authors 
consider lesions discovered during the 
first six months as having been present 
simultaneously with the index malig- 





"nancy. The implication is that if im-. 
proved survival statistics ‘are to be ob-.. 
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tained, the simultaneously occurring ma- 


_lignancies must bé discovered at the 


` time of the initia] patient:encounter. To 


“achieve this goal;;a.' inóore intensive 
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-search for second--primary-malignancies 
:31]$. made.at the time the index malig- 
.  nancy-in the oral, pharyngeal or laryn- 
- ^ géal areas is found, In: addition to the 
`- «usual preoperative sti 





les, chest x-rays 
and laryngoscopy, àll patients with a 
demonstrated.:index primary in these 


` areas weré subjected to a barium study 
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of the esóphagus, a- bronchoseopy and 
esophagoscópy. MOTA CC 
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As.a result of these more intensive ef- 


forts -35 additional simultaneous primary : 
carcinomas ‘were found in 31 patients: 
presénting ,with an index tumor in the. 
- oral, pharyngeal or laryngeal areas. Fif- 

teen of these additional malignancies. 


were visible with: mirror examination. 


‘and obviously would have been discov- 


ered, during the course of the customary 
preoperative evaluation. Eleven of the 
previously unsuspected primary neo- 
plasms were documented at esophagos- 
copy. In seven of these, the preopera- 


. tive barium swallow was normal. Nine 
. previously unsuspected _ bronchogenic 
' carcinomas were found at bronchoscopy. 


Five of these patients had a normal pre- 
operative chest x-ray. Thus, 12 addition- 
al primary malignancies which would 
have temporarily gone undiscovered 
were discovered at the time of the initial 
encounter. 


- Figure 2 reveals the time interval be- 


‘tween the diagnosis of the index malig- 


nancy in the head and neck area and an 
additional primary malignancy in distant 
or unrelated tissues. Again, more of 
these additional malignancies were 
found during the first posttreatment 
vear than during any succeeding year. 


..Jhe most commonlv observed sites of 
istant primary malignancies were the ` 


r-rectal area and the urinary blad- 
tig. 6). This correlation raises the 


“question of possible stasis of the same 


surface-contact carcinogens: in the ex- 
cretory products of the body. Prostatic 
carcinoma. in a preponderantly male 
population in this àge group is consid- 
ered an. incidental finding. Grouped in 
llaneous category are single 
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tumors of. the: parotid, kidney, ovary, 
. liver, thyroid, uterine cervix and, in one 


incidence, a multiple myeloma. 


With an index tumor in the oral (Fig. 
3), pharyngeal (Fig. 4) or laryngeal 

Fig. 8) areas, a second primary malig- 
nancy may arise anywhere within the 
previously described multicentric zone. 
If any trends are to be noted, they 
would be: 1) with an index tumor in the 
oral area, the most commonly observed 
site of a second primary malignancy 
was at another location within the oral 
area; 2) with an index tumor of the 
laryngeal area, the most commonly ob- : 
served second primary was in the lung; 
3) second primary lesions of the esoph- 


agus were proportionately more com- 


mon with an index tumor of the pharyn- 
geal area than when it was located 
within the oral or laryngeal areas. 


Since a predisposition to multiple 
primary carcinomas is an accepted fact, 


_the physician should be prepared not 


only to cope with simultaneous primary 
cancers but to be constantly vigilant 
for the late development of additional 
carcinomas. Át the initial examination, 
special attention is given to potentially 
vulnerable areas within the multicentric 
zone. If more than one primary carci- 
noma is discovered, and if both are po- 
tentially curable, each should be treat- 
ed individually as though it were the 
sole lesion. An order of treatment is es- 
tablished which is most expedient for the 
patient and most likely to result in a 
permanent cure of each lesion. 


A patient who has been successfully 
treated for one primary carcinoma 
should be followed indefinitely. As seen 
in Figure 1, the propensity to develop 
additional primary carcinomas in the 
multicentric zone continues well beyond 
the traditional five-year follow-up pe- 
riod. Castigiliano?* has shown that these 
presensitized tissues retain a latent neo- 
plastic potential despite altered smoking 
and drinking habits. The physician 
should be both suspicious and optimis- 
tic. Any change in the patient's symptom- 
atology is approached with the same 
inquisitiveness and aggressiveness as the 
initial lesion. Dysphagia, especially if 
it follows a symptom-free interval, 
should not be attributed to postopera- 
tive or postradiation changes. Nor should 
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hemoptysis be assumed to be secondary 
to a tracheobronchitis or tracheitis sicca. 
A solitary pulmonary nodule in a post- 
operative chest x-ray should not be im- 
mediately interpreted as a metastasis 
signaling the onset of a terminal stage. 
Cahan?? reports a 35 to 1 chance that a 
solitary pulmonary shadow is a separate 
primary lung cancer rather than a single 
metastasis. Each change in the patient's 
symptomatology should be pursued vig- 
orously with radiologic studies, cytology, 
endoscopy and biopsies keeping in mind 
the admonition of Holinger et al, that 
"the most common precancerous lesion 
is cancer." 
SUMMARY 


The medical records of 1,518 patients 
with an index malignancy in the oral, 
pharyngeal or laryngeal areas were re- 
viewed. Multiple primary cancers were 
found in 175 (11.5%) of them. Twenty- 
one patients developed three or more 
primary malignancies. 


The additional primary malignancies 
were subdivided into two groups based 
upon their location in: 1) distant or un- 
related tissues; or 2) a multicentric zone 


defined as including the oral area, 
pharyngeal area, larynx, esophagus or 
tracheobronchial tree. 


In the multicentric zone 7.5% of the 
patients developed additional primary 
carcinomas «ila 4% developed addi- 
tional primary cancers in distant or un- 
related tissues. 


The dynamic nature of the progres- 
sive transition of the potentially malig- 
nant tissues in the multicentric zone is 
stressed. Although some trends are 
noted, with an index malignancy in the 
oral, pharyngeal or laryngeal areas a 
second primary carcinoma may develop 
anywhere within the multicentric zone. 
The highest incidence of additional pri- 
mary cancers was found during the first 
12 months following the diagnosis of the 
index malignancy. The physician en- 
gaged in the care of patients with can- 
cer of the head and neck areas should 
be prepared not only to treat the index 
malignancy, but also to make a thorough 
search for simultaneously occurring ma- 
lignancies and to maintain a constant 
vigilance for subsequent primary ma- 
lignancies. 
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STOMAL RECURRENCE FOLLOWING LARYNGECTOMY 
A CRITICAL EVALUATION 
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Recurrent tumor in or around the tracheal stoma following laryngectomy almost always 
terminates in a fatal outcome. Several investigators have attempted to determine the factors that 
predispose a patient to stomal recurrence, but their conclusions are not entirely in. agreement. 
The records of 251 consecutive laryngectomy patients treated at the UCLA Hospital between 
1955 and 1977 were reviewed. The variables evaluated included type of operation, preoperative 
tracheostomy, interval from operation to recurrence, presence of neck metastases, performance 
of thyroidectomy, site of lesion, and control of tumor margins. While certain events, such as pre- 
operative tracheostomy, appeared more frequently than others in the stomal recurrence patients, 
no single factor or group of factors could explain all the recurrences. It appears that stomal re- 
currences arise from heterogeneous causes. Good planning and utilization of the principles out- 


lined should reduce the incidence of this dreaded complication. 


Recurrent carcinoma in the peristomal 
area following laryngectomy is recog- 
nized to have a grave prognosis. Al- 
though many authors have addressed 
themselves to the problem of recurrent 
laryngeal carcinoma, it was not until 
1965 that Keim et al' published the first 
study dealing specifically with stomal 
recurrences. In doing so, they defined 
stomal recurrence as “a diffuse infiltrate 
of neoplastic tissue at the junction of the 
amputated trachea and the skin.” Fur- 
ther description by these authors ex- 
tended the definition to include recur- 
rence of tumor in areas adjacent to the 
stoma. 


Tn the last 15 years many studies have 
been performed in an attempt to eluci- 
date the etiologic factors in stomal re- 
currences. Preoperative emergency tra- 
cheostomy, location and size of tumor, 
subglottic submucosal extension, endo- 
tracheal intubation, lymph node metas- 
tases, performance of thyroidectomy, 
and other variables have been analyzed. 
While most reports indicate that pre- 
operative tracheostomy and subglottic ex- 
tension of tumor are important factors, 
there is no agreement on the importance 





of any single factor. Furthermore, 
whether this type of recurrence is 
caused by direct tumor seeding or by 
unrecognized lymphatic spread remains 
unproven. 


An earlv communication by Latella 
(1952) called attention to eight fatalities 
due to stomal recurrence in a series of 
940 patients. Norris described seven 
patients with recurrence near the stoma 
in an analvsis of surgical failures in car- 
cinoma of the larynx.? AII of his patients 
had subglottic tumor, and he felt that 
failure was related to unrecognized 
lymphatic spread rather than inade- 
quate resection of the larynx and tra- 
chea. Bauer et al* noted that 7% of their 
patients undergoing laryngectomy had 
recurrence at the stoma: this repre- 
sented 22% of all the failures. It was 
their conclusion that these recurrences 
were due to tumor cell seeding at the 
time of surgery. Keim et al presented a 
svstematic retrospective study in which 
they found a 14.7% incidence of stomal 
recurrence in patients undergoing laryn- 
gectomy.' Most striking in their figures 
was a 40.9% incidence of stomal recur- 
rence when emergency tracheostomy 
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.. was'perfotmed more than 48.hours prior 
',; to laryngectomy. ‘Bonneau’ and Lehman 
reported, a. 22%. stoma] recurrence rate in 
their- series; of lafyngectomy patients 

. with emergency tracheostomy.® 


In contrast; Modlin and Ogura® found 
no differénce in recurrence rates be- 
tween those who had preoperative tra- 
cheostomy and those having intraopera- 
tive. tracheostomy. Condon’ was also un- 
able to find a difference between intu- 
bation, preoperative tracheostomy, and 
intraoperative tracheostomy with regard 
to subsequent peristomal recurrence. 


Studies by several investigators have 
shown no correlation between presence 
of'cervical node metastases at surgery 
and subsequent stomal recurrences.*97 
On the other hand, Loewy. and Laker* 
reported an increased incidence of sto- 
mal recurrence when patients presented 
with palpable nodes. Furthermore, his- 
tologic. evidence of tumor cells in para- 
tracheal and pretracheal lymphatics has 
been presented by others.9? Batsakis et 
al’? have pointed out that it is impos- 
sible to differentiate recurrent peristo- 
mal primary tumor from a metastasis 

' completely replacing a  paratracheal 
, lymph node. 


. Throughout the literature there is gen- 
eral agreement that subglottic, submu- 
cosal extension of laryngeal carcinoma 
represents an extremely aggressive tu- 
mor behavior. accompanied by a high 
incidence of stomal recurrence. Harrison 
has emphasized that the presence of in- 
vasion of the thyroid gland also heralds 
an ominous outcome.** He has advo- 
cated radical resection of the entire thy- 
roid and both paratracheal node chains 
for tumors of the subglottic larynx and 
postcricoid area, Although hypoparathv- 
roidism is a common problem. he feels 
it is manageable and preferable to peri- 
stomal recurrence. In 25 patients treated 
in this fashion with subglottic involve- 
ment confirmed by whole organ section, 
he had a 60% five-year survival rate? 
However, in seven of the ten patients 
who died, there was uncontrolled 
Ivmphatic spread beneath the sternum. 
All of these failures had positive low 
paratracheal nodes; he considers these 
patients doomed to unsalvageable re- 
currence, 
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Treatment of peristomal recurrence is 
usually unsuccessful. All 17 patients of 
Keim et al were treated by radiotherapy 
alone; none survived.' Modlin and Ogura 
reported the first long-term survivor, a 

atient who was free of disease 4% years 
ollowing surgical resection of an intra- 
tracheal recurrence, employing medias- 
tinostomy.* Kuehn also reported a nine- 
year survivor who was salvaged by radi- 
cal neck dissection in continuity with 
wide resection of the stomal recurrence.? 
The sternum was split to explore the su- 
perior mediastinum for metastatic dis- 
ease and none was found. 


Sisson et al'? have the largest exper- 
ience with attempted salvage for stomal 
recurrence. Since 1962 Sisson and 
Straehly'* have developed a technique 
for mediastinal resection in continuity 
with excision of the peristomal area. By 
adding the modifications of a myocu- 
taneous chest flap to obliterate media- 
stinal dead space and repositioning the 
tracheal stump away from the great ves- 
sels, they have reduced the morbidity 
and mortality for the procedure to an 
acceptable level. Most recently a report 
by Sisson et al cites a five-year surviv 
of 17%; this far exceeds the salvage rate 
in other series.'5 However, they mention 
only patients who have been selected as 
candidates for surgery; those who are re- 
jected are not included in the survival 
statistics. Furthermore, they divide the 
recurrences into four types.'? Type 1 is 
a small nodule in the superior stoma; 
type 2 is a pharyngeal or esophageal re- 
currence above the stoma with no inferi- 
or extension. Types 3 and 4 occur be- 
neath the sternum and clavicle, re- 
spectively, It is important to note 
that the only cures Sisson et al have 
reported are in types 1 and 2. They do 
have some patients with type 3 and 4 re- 
currences who have had long-term con- 
trol with good palliation, but no cures. 


METHODS AND MATERIALS 


The records of 251 consecutive patients who 
underwent any type of laryngectomy proce- 
dure for squamous cell cancer at UCLA Hos- 
pital between January 1, 1955, and December 
31, 1977, comprised the material for this study. 
Data were obtained by a computerized re- 
trieval of all pathology reports regarding 
laryngectomy specimens, thus identifying a 
complete, consecutive series of patients, Clini- 
copathologic data were obtained by reviewing 
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TABLE 1. TIMING OF TRACHEOSTOMY 








Pre- Intra- 
operative operative Total 





Stomal recurrence 10 4 14 
No stomal recurrence 46 191 237 
Total 56 195 251 


the operative note, pathology report, and the 
case history. Variables studied included timing 
of tracheostomy relative to surgery, site of le- 
sion, presences of nodal metastases, clearance 
of margins, use of radiation therapy, and 
whether or not the preoperative tracheostomy 
site was resected. 
RESULTS 


There were 33 females and 228 males 
in the study group. The mean age was 
59 years, and the range was from 32 to 
88 years. Fourteen patients developed 
stomal recurrences, a rate of 5.6% over- 
all. Meaningful data could be derived 
regarding all of the variables studied, 
with the exception of tumor size. 


Preoperative Tracheostomy. Of the 
251 patients, 56 underwent emergency 
tracheostomy at least 24 hours prior to 
surgery; 195 patients had their trache- 
ostomies created at the time of opera- 
tion. Ten of the 56 patients with pre- 
operative emergency tracheostomy de- 
veloped stomal recurrences (18%), while 
this occurred in only 4 of the 191 pa- 
tients whose tracheostomy was intra- 
operative (2%). Most impressive was the 
fact that 10 of 14 patients (71%) with 
stomal recurrence had tracheostomy 
prior to laryngectomy. The difference 
between these groups is highly signifi- 
cant and is summarized in Table 1. In 
those developing stomal recurrence, the 
time between emergency tracheostomy 
and laryngectomy ranged from six days 
to five months. Patients that have emer- 
gency tracheostomy are best treated by 
extended resections (Fig. 1). 


Lymph Node Metastases. Among the 
251 patients undergoing laryngectomy, 
137 had formal radical neck dissections 
performed. In the group with positive 
nodes, 8 of 68 (12%) developed stomal 
recurrence; this took place in only 3 of 
69 (4%) in the group with negative 
nodes. In those with stomal recurrences, 
8 of 11 (73%) had metastatic disease in 
cervical nodes at the time of laryngec- 
tomy. 





Fig. 1. Photograph of opened larynx 
viewed from posterior aspect showing ex- 
tensive left glottic tumor (T) with sub- 
glottic extension (S) and resection of 
tracheostomy stoma (St) that is essential 
if stomal recurrence is to be prevented, 


Thyroidectomy. Excluding the 66 pa- 
tients who underwent various types of 
partial laryngectomies, there were 191 
operations performed where a thyroid- 
ectomy might be included as part of the 
procedure. Within this group, 107 thy- 
roidectomies, either partial or total, 
were performed. Among those who had 
a thyroidectomy, 6 of 107 (5.6%) de- 
veloped stomal recurrence compared to 
S of 84 (9.5%) in the group undergoing 
thyroidectomy with laryngectomy. It is 
noteworthy that among 107 thyroidec- 
tomies performed in conjunction with 
laryngectomy, only two of the thyroid 
specimens contained metastatic tumor, 
and both of these patients ultimately 
developed  stomal recurrence. The 
lymphatic invasion in one of these cases 
is seen in Figure 2. 

Operations Performed. Table 2 lists 
the number and type of operations per- 
formed. The 251 patients underwent a 
total of 260 operations. It is highly sig- 
nificant that none of the patients under- 
going either hemilaryngectomy or supra- 
glottic laryngectomy developed stomal 
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Fig. 2. Peristomal recurrence in thyroid 
tissue. Arrow indicates tumor in lymphatic 
channel. 


recurrence. The recurrences took place 
in 3 of 68 patients who had total laryn- 
gectomy, 7 of 91 patients who had total 
laryngectomy plus radical neck dissec- 
tion, and 4 of 32 patients who under- 
went laryngopharyngectomy with radi- 
cal neck dissection. 


Site of Lesion. It was not possible to 
determine the exact anatomic locus of 
the tumor in all the patients. The avail- 
able data are summarized in Table 3. Of 
note is the fact that 10 of 14 (71%) of 
the patients who developed stomal re- 
currence had subglottic extension 
greater than 10 mm. Of the 26 patients 
with subglottic tumor, 10 (46%) experi- 
enced stomal recurrence. Compared to 
the 5.6% rate of stomal recurrence for 
the entire group, this is highly signifi- 
cant. There were 35 patients with 
pharyngeal primaries, while 216 had 
laryngeal primaries. Four of the stomal 
recurrences were in the pharyngeal tu- 
mors, and ten were associated with 
laryngeal lesions. 


Analysis of Possible Causes of Stomal 
Recurrence. An attempt was made to 
find causes for failure in all the cases of 
stomal recurrence. Some patients had 
more than one responsible factor postu- 
lated. Six patients were demonstrated 
to have tumors eroding through cartilage 
into the extralaryngeal soft tissues. Of 
the four patients with inadequate sur- 
gical margins, two had tumors at the 
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TABLE 2. OPERATIONS PERFORMED 











Stomal 
Number Recurrences 

Hemilaryngectomy 42 0 
Supraglottic 

laryngectomy 10 0 

with radical neck 14 0 
Total laryngectomy 68 3 

with radical neck 91 T 
Laryngopharyngectomy 3 0 

with radical neck 32 4 
Total 260 14 


line of resection, and two had tumors 
within 2 mm of the line of resection. 
Three patients had recurrent tumors in 
the thyroid; two of these had had a 
homolateral thyroidectomy as part of 
their laryngectomy. Three patients had 
very significant subglottic disease ex- 
tending to at least the fifth tracheal ring. 
Two patients had positive paratracheal 
nodes. In one instance, the level of tra- 
cheal transection was through the tract 
of the tracheostomy that had been per- 
formed six weeks earlier. This patient 
was one of those who also had tumor at 
the margin of the tracheal resection. 


Time Interval from Operation to Re- 
currence. The longest interval between 
laryngectomy and stomal recurrence in 
our series was 18 months, and the short- 
est was two weeks. The mean time for 
discovery of recurrence was six months. 
Ten of the 14 stomal recurrences took 
place in less than six months, 


Radiation Therapy. Of the 14 patients 
with stomal recurrence, 8 had received 
radiotherapy prior to surgery. This was 
not significantly different from the fre- 
quency with which radiotherapy was 


TABLE 3. SITE OF LESION 








Stomal No Stomal 
Recurrence Recurrence Total 





Supraglottic 0 52 52 
Glottic- 

supraglottic 112 119 
Glottic 2 42 44 
Glottic-subglottic® 10 16 26 
Not determined 2 15 17 
Total 14 237 251 


*Includes three purely subglottic lesions. 
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used preoperatively for the entire group. 
The number of patients irradiated post- 
operatively prior to recurrence was too 
small to make any meaningful compar- 
ison. It is also possible that the area of 
the laryngectomy stoma was not in- 
cluded in the fields of radiation in all 
cases. 


Survival. Only three patients survived 
longer than two years after stomal re- 
currence. They were treated by wide 
local excision followed by radiation 
therapy. One patient died 3% years later 
of intercurrent disease, one patient is 
alive 4 years later with obvious medias- 
tinal involvement, and the other patient 
survived 10% years after initial salvage. 
The latter patient developed a neck re- 
currence that may have been a second 
primary tumor, and died following caro- 
tid artery rupture. No other patients 
who had stomal recurrence survived 
longer than two years, regardless of 
treatment, although two were alive with 
residual disease less than two years after 
recurrence. Four patients had media- 
stinal resection, but none of these were 
long-term survivors. 


DISCUSSION 


The serious and ominous prognosis 
for patients developing peristomal re- 
currence of laryngeal cancer makes un- 
derstanding its causation of great im- 
portance. There is still controversy as to 
the most likely responsible mechanism. 
Whether the tracheostomy is seeded by 
exfoliated tumor cells or whether the 
need for urgent tracheostomy reflects 
advanced tumor size and aggressive bio- 
logic behavior with paratracheal lym- 
phatic spread remains controversial in the 
literature. The experience presented in 
this series provides convincing evidence 
that stomal recurrences probably arise 
secondary to a variety of factors. There 
were high correlations for stomal recur- 
rence with both emergency tracheos- 
tomy prior to definitive laryngeal sur- 
gery and with subglottic tumors with 
aggressive submucosal spread. Implan- 
tation of exfoliated cells in granulations 


in the tracheostomy wound has been re- 
ported previously and observed in this 
series. 

Unfortunately, the size of the two 
groups of patients having laryngeal and 
pharyngeal carcinoma, both of which re- 
quired laryngectomy, was not large 
enough to allow a statistical analysis. 
Theoretically, the differences in the 
lymphatic drainage of the larynx and 
pharynx should produce different rates 
of stomal recurrence if based solely 
upon lymphatic spread. Furthermore, 
although lymph node metastasis was 
more common in patients with stomal 
recurrence, the absence of a highly sig- 
nificant correlation between nodal 
metastases and subsequent stomal recur- 
rence does not support lymphatic spread 
as being the most likely cause. On the 
other hand, there is histologic evidence 
that confirms microinvasion of peri- 
stomal lymphatics in some of these re- 
currences, especially those involving the 
thyroid gland. 


The poor results of all modalities of 
therapy (surgery, radiotherapy and 
chemotherapy) for stomal recurrence 
make efforts at prevention highly de- 
sirable. Emergency laryngectomy has 
been advocated as a means of avoiding 
tracheal seeding, and while theoretically 
reasonable, its effectiveness remains to 
be proven. Postoperative radiation ther- 
apy may be useful as a preventive mea- 
sure, but clinical evidence to support this 
is lacking at the present time. Proper 
selection of sufficiently radical operative 
procedures based upon factors such as 
aggressive subglottic submucosal exten- 
sion and thyroid invasion are of utmost 
importance. The presence of inadequate 
margins calls for immediate extended 
resection. When there is invasion of the 
thyroid gland, total thyroidectomy, even 
with its potential morbidity, is indi- 
cated. Finally, wherever an existing tra- 
cheostomy tract is present it should be 
completely resected. Hopefully, good 
planning and utilization of these prin- 
ciples will lower the incidence of the 
dreaded stomal recurrence. 
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Botulism is a serious intoxication caused by ingestion of food containing preformed botulinus 
toxin and characterized by rapidly progressive bulbar paralysis, generalized weakness, and re- 
spiratory insufficiency. In 1976 a distinct clinical entity of infant botulism was recognized. The 
disease apparently results from intraintestinal toxin production which produces a defect in neuro- 
muscular transmission by interfering with release of acetylcholine at cholinergic synapses. Five 
cases of infant botulism were identified at the Children's Hospital of Philadelphia between 1975 
and 1977. Initial symptoms included constipation, slow feeding, lethargy and weak cry. Four 
of the patients progressed to respiratory insufficiency requiring nasotracheal intubation. Three 
of the infants with respiratory failure required tracheotomy. Because infants with respiratory 
failure may require support for months, we recommend that a tracheotomy be performed earl 
in the management to avoid the complications associated with prolonged intubation. The ef- 
fectiveness of antitoxin or antibiotics to treat infant botulism remains questionable and there- 
fore prolonged respiratory supportive care is the mainstay of therapy. In addition, we offer 
guidelines for decannulation in cases of infant botulism. None of the patients in our series could 


be decannulated prior to initial discharge from the hospital. 


Botulism is a serious foodborne in- 
toxication caused by ingestion of per- 
formed toxin and characterized by ra- 
pidly progressive bulbar paralysis, gen- 
eralized weakness and respiratory in- 
sufficiency. However, prior to 1976, it 
was not considered in the differential 
diagnosis of hypotonicity or respiratory 
insufficiency in infants? Since the 
recognition of infant botulism as a dis- 
tinct clinical entity, 58 cases have been 
described.** In contrast with adults, the 
disease in infants is thought to be due 
to toxin produced in vivo after mul- 
tiplication of Clostridium botulinum 
in the intestine.^* Botulinus toxin pro- 
duces a defect in neuromuscular trans- 
mission by interfering with release of 
acetylcholine at cholinergic synapses.??! 
Unfortunately, the increased awareness 
of this disease entity has provided few 
guidelines concerning the long term 
management of the airway, which is the 
mainstay of therapy. 


We report our experience with five 
cases of infant botulism identified at the 
Children’s Hospital in Philadelphia be- 
tween 1975 and 1977 and review the 





value of early tracheotomy in its treat- 
ment. In addition, specific recommenda- 
tions for decannulation are made based 
upon clinical and laboratory evidence of 
recovery of neuromuscular function. The 
unique problems of delayed toxin me- 
tabolism, prolonged recovery period, 
and lack of correlation of electromyo- 
graphic (EMG) data with objective 
clinical improvement are discussed. 


METHODS AND MATERIALS 


Five infants, ranging from two to five 
months of age, presented to Children's Hospi- 
tal of Philadelphia from 1975 to 1977 with 
symptoms of constipation, progressive lethargy, 
weak cry and/or slow feeding. Four of the 
patients were male and all were the product 
of normal gestation and delivery without evi- 
dence of congenital or immunological abnor- 
malities. In addition, there was no history of 
recent viral illness, exposure to heavy metals, 
organic toxins, or known tick bites. Recent 
immunizations ranged from none (cases 1 and 
5) to diphtheria, pertussis, tetanus, and oral 
polio vaccine seven to ten days prior to ad- 
mission (cases 2-4). With the exception of 
case l, all patients had received formulas in 
addition to being breast fed. There was no 
history of ingestion of honey, and the Center 
for Disease Control in Atlanta, Georgia, was 
unable to identify a source of ingestible pre- 
formed botulinus toxin. 
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TABLE 1. DURATION OF SYMPTOMS AND RESPIRATORY STATUS 
Duration of Symp- 
Case toms Prior to 
No. Admission (Hr) Respiratory Status on Admission Initial Chest X-Ray 
l 36 Respiratory Arrest; Intubated RLL Infiltrate 
9 96 Intubated Atelectasis 
3 24 Intubated RLL Infiltrate 
4 96 Respiratory Arrest; Intubated RUL Atelectasis 
5 72 Minimal Upper Airway Obstruction Normal 


RLL - Right lower lobe; RUL - Right upper lobe. 


Duration of symptoms prior to admission 
ranged from 24 to 96 hours. One of the in- 
fants exhibited only lethargy, mild weakness 
and slow feeding (case 5). The other four 
became acutely ill with severe, generalized 
weakness, hypotonia and progressive respira- 
tory insufficiency developing within one to 
four days. Two infants suffered respiratory ar- 
rest upon admission (Table 1). Admission 
signs included facial weakness, depressed gag 
reflex, ptosis, diminished pupillary response, 
hypotonia and areflexia. 


Initial laboratory data including routine 
blood chemistries, complete blood count with 
differential, and urinalysis were within normal 
limits, while cerebrospinal fluid, blood, and 
urine cultures were negative. Tensilon® test- 
ing was negative in all infants, failing to dem- 
onstrate a myasthenic picture. Stool samples, 
sent to the Center for Disease Control, con- 
firmed type A botulism toxin in the first case 
and type B in the remaining four infants. The 
serum was negative for toxin in all patients. 
In those infants with respiratory insufficien- 
cy, chest roentgenography demonstrated ate- 
lectasis and/or lobar infiltrates consistent with 
either aspiration or hypoventilation. Arterial 
blood gases in these patients confirmed pro- 
gressive hypercarbia and hypoxia. 


A characteristic EMG pattern, brief dura- 
tion, small amplitude, overly-abundant motor 
unit action potential (BSAP), was observed 
in all cases with respiratory insufficiency (Fig. 
1). Unfortunately, clinical improvement of 
neuromuscular function as defined by in- 
creased motor strength, return of deep tendon 
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Fig. 1. Characteristic electromyographic 
(EMG) pattern: brief duration, small 
amplitude overly-abundant motor unit ac- 
tion potentials (BSAP) in infant botu- 
lism. Vertical square — 200 mV; hori- 
zontal square — 10 msec. 


reflexes, improved suck and cry, increased gag 
reflex, and/or weaning from ventilatory as- 
sistance did not correlate well with the resolu- 
tion of this EMG finding. 


The four infants with respiratory insufficien- 
cy were intubated within the first 24 hours of 
hospitalization, and three ultimately required 
tracheotomy. The duration of intubation prior 
to tracheotomy ranged from 13 to 27 days. 
One infant was decannulated at 70 days fol- 
lowing direct laryngoscopy and bronchoscopy, 
however, marked upper airway obstruction 
and hypercarbia supervened secondary to tra- 
cheomalacia, requiring repeat tracheotomy 
(case 1). Length of hospitalization ranged 
from 10 to 130 days and all three infants with 
tracheotomies could not be decannulated prior 
to discharge. 


These infants required ventilatory assistance 
ranging from 5 to 13 weeks, with continuous 
positive end expiratory pressure and inspired 
oxygen content of 30 to 40% to maintain arteri- 
al blood gases within normal limits. Weaning 
from intermittent mandatory — ventilation 
(IMV) was successful when the maximum 
inspiratory pressure (MIP) generally exceeded 
a negative 60 cm of water and a normal stool 
pattern, improved suck and cry, increased gag 
reflex and ability to handle secretions was ob- 
served. However, subsequent continuous posi- 
tive end expiratory pressure (2-4 cm H:O) 
was necessary for three to seven weeks before 
atelectatic lobar regions resolved and infants 
were weaned to room air. Only one infant 
(case 2) was successfully decannulated 8% 
months after intoxication, after demonstrating 
a neurologic examination appropriate for age. 
The remaining two infants have not been de- 
cannulated due to persistent neuromuscular 
insufficiency. There were no complications as- 
sociated with tracheotomy in this small group 
of patients, except tracheomalacia in one 
(case 1). 


One infant (case 4) was intubated for seven 
days, necessitating only 5 cm of positive end 
expiratory pressure with resolution of right 
upper lobe atelectasis and markedly improved 
neuromuscular function. The final patient was 
admitted with minimal respiratory distress, a 
normal chest roentgenogram, and was man- 
aged with intermittent — positive-pressure 
breathing via face mask for three days (case 


CASE REPORT 


Case 2. A 4-month-old Caucasian fe- 
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male was admitted to the Children's 
Hospital of Philadelphia with a four-day 
history of progressive weakness, slow 
feeding, increasing lethargy and weak 
cry. Two days prior to admission, there 
was total loss of motion of the lower ex- 
tremities with decreased strength in the 
hands and arms. She was noted to have 
difficulty swallowing mucus and saliva, 
and on the day of admission was unable 
to take anything by mouth. 


Physical examination disclosed a pale, 
expressionless, flaccid child appearing 
dehydrated and in moderately severe 
distress. The infant exhibited difficulty 
in following objects, significant head 
lag and ptosis. Muscle strength was 
markedly decreased. The deep tendon 
reflexes were extremely difficult to elicit, 
and the gag reflex was significantly re- 
duced. 


Complete blood count with differen- 
tial, blood chemistries, cerebrospinal 
fluid, and urinalysis were within normal 
limits. Blood, cerebrospinal fluid, and 
urine cultures revealed no organisms, 
while Monospot? and Tensilon® tests 
were negative. Chest x-ray demonstrated 
right upper lobe atelectasis. The elec- 
troencephalogram was within normal 
limits, while EMG revealed BSAP con- 
sistent with either botulism or Eaton- 
Lambert syndrome. Although the serum 
was negative for toxin, stool sent to the 
center for Disease Control in Atlanta 
yielded botulinus toxin type B. 


Because of severe hypercarbia, mod- 
erate hypoxia, and persistent aspiration, 
the infant was intubated within four 
hours of admission. With a respiratory 
rate of 35/min, the infant was only able 
to achieve an MIP of negative 15 cm 
H.O and a tidal volume of 10 ml. As- 
sisted ventilation with IMV at 10/min, 
positive end expiratory pressure of 25 
cm H,O, and inspired oxygen concen- 
tration of 45% were necessary to main- 
tain arterial oxygen and carbon dioxide 
within normal limits. 


During the initial three-week period 
of hospitalization, there was gradual im- 
provement in motor strength, increased 
movement of the extremities, and return 
of deep tendon reflexes. This was as- 
sociated with a gradual decrease of the 
IMV to l/min and concomitant reduc- 
tion in positive end expiratory pressure 
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to 4 cm H,O. An attempt was made at 
extubation in spite of persistent poor 
suck, depressed gag reflex and evidence 
of continued right upper lobe atelec- 
tasis. However, because of significant 
oropharyngeal obstruction secondary to 
poor tongue control and pooling of se- 
cretions associated with aspiration, the 
infant was reintubated. Twenty-seven 
days following the initial intubation, a 
4.0 mm tracheostomy tube was inserted 
without difficulty and positive end ex- 
piratory pressure continued at 2 mm 
H.O with an inspired oxygen concen- 
tration of 30%, Eight weeks after admis- 
sion, the infant exhibited an MIP of 
negative 60 cm H.O and a normal chest 
x-ray, The infant was discharged with 
the tracheostomy tube in place. 


The patient was readmitted at ten 
months of age and treated with ampi- 
cillin and gentamycin for a left upper 
lobe pneumonia. In spite of improved 
motor strength, the child could not move 
to a sitting position or support any 
weight on her legs. She required fre- 
quent aspiration of tracheal secretions. 
Physical examination disclosed moder- 
ate neurogenic muscular atrophy, es- 
pecially in the lower extremities. Repeat 
EMCG revealed no significant change in 
the observed BSAP pattern following 
tetanic stimulation. Eight and one half 
months after ingestion of toxin, the in- 
fants neurologic status had achieved 
her appropriate age, and she was de- 
cannulated following direct laryngo- 
scopy and bronchoscopy. There was 
minimal residual lower extremity mus- 
cle atrophy noted on physical examina- 
tion. 


DISCUSSION 


Infant botulism is a life-threatening 
foodborne intoxication due to elabora- 
tion of toxin following multiplication of 
C. botulinum, a strict, anaerobic, spore- 
forming, Gram-positive rod in the in- 
fant's intestinal tract.? Strains are dif- 
ferentiated into types on the basis of 
antigenic characteristics of the toxin, 
which may be excreted in the feces for 
many weeks. Types A, B and E are most 
frequently implicated in human dis- 
ease in the United States, although type 
E has not been reported in infants. Type 
A spores are most common along the 
Pacific coast and the Rocky Mountain 
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 statesz; Type. B spores have been identi- 
fied^more frequently. in the eastern part 
ofthe’ country:** Spores, which are gen- 
‘erally destroyed by boiling temperatures 
‘at sea level may be present in infant 
-formulas, breast milk or house dust. A 
. Statistical association with the consump- 
- tion of honey it type B cases has been 
. found.?? In this small series, all infants 
. .were breast-fed and mone received 
* honey with supplemental feedings. 


. The.majority of.infants with botulism 
intoxication ‘initially demonstrate con- 
stipation followed by poor suck, lethar- 
gy, weakness, poolirig of oral secretions, 
and a weak ry. Infants progress S 
OSS 
of head control. Although a broad, clin- 
ical spectrum of this disease is expected, 
only -those cases requiring hospitaliza- 
tion have been recognized. All infants in 
this group exhibited classic signs of func- 
tional impairment of neuromuscular 
transmission: dysphagia, weak gag re- 
flex, hypotonia, areflexia, ptosis, and 
hypoventilation. i 


Confirmation of the clinical diagnosis 
of botulism requires the demonstration 
of botulinus toxin and/or C. botulinum 
in the feces of the infant. Only recently 
has the toxin been simultaneously isolat- 
ed in the serum and stool of an infant 
with the disease.** All routine laboratory 
tests are normal. Electromyographic 
testing demonstrates a normal conduc- 
tion time and a characteristic pattern of 
BSAP that are rarely seen in other in- 
fant neuromuscular disorders and may 
resemble the myasthenic: syndrome of 
Eaton and'Lambert.$5915:16 Graphical- 
ly, after rapid, repetitive stimulation of 

. a peripheral nerve, there is a large po- 
: : tentiation of the muscle action potential 
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(greater than 40% of normal), which is 
probably due to an increase in the 
quantity of acetylcholine released at the 
neuromuscular junction (Fig. 2)3739 
Unfortunately, EMG findings do not 
correlate well with clinical improve- 
ment and respiratory status, and have 
little predictive value regarding subse- 
quent decannulation. This is related to 
technical limitations in testing oro- 
pharyngeal and bulbar musculature. 
Also, there exists indirect evidence of 
delayed recovery of cranial neurons 
and data indicating that conventional 
EMG may be normal in spite of distinct 
impairment of neuromuscular transmis-: 
sion, as recorded in single fiber stud- 
ies.41520 Even though the patient may 
exhibit recovery of peripheral muscular 
strength, continuous absorption of the 
toxin from the gut over long periods of 
time, its striking affinity for bulbar cho- 
linergic motor end plates, and the sub- 
sequent delayed metabolism of the toxin 
results in spurious EMG data. All infants 
in this group demonstrated a character- 
istic BSAP pattern on EMG. However, 
in none did e in the EMG closely 
mirror the clinical improvement. 


Disease and conditions which must be 
differentiated from infant botulism in- 
clude sepsis, failure to thrive, idiopathic 
hypotonia, myasthenia gravis, polio- 
myelitis, brain stem encephalitis, acute 
infantile polyneuropathy, dehydration 
and various metabolic and hereditary 
disorders.1??t AJl infants in this series, in 
addition to the characteristic BSAP pat- 
tern and positive stools for botulinus 
toxin, were initially afebrile and mental- 
ly alert and demonstrated a negative 
Tensilon test, normal cerebrospinal 
fluid, and normal sensory examination. 


An extremely high proportion (80%) 
of these infants developed respiratory 
insufficiency as recognized by inability 
to maintain arterial carbon dioxide and 
oxygen tension within normal limits. All 
revealed clinical and physiological cri- 
teria of impending neuromuscular res- 
piratory failure, necessitating venti- 
latory assistance.?* This included weak 
cough reflex, depressed gag reflex and 
incompetent swallowing mechanism 
along with a significantly reduced vital 
capacity (less than 12 ml/kg), and an 


episode of respiratory arrest or an ar- 
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terial oxygen tension less than 70 mm 
Hg in room air.?? 


Universally, the successful treatment 
of respiratory failure in infant botulism 
demands the prompt use of assisted me- 
chanical ventilation, frequent tracheo- 
bronchial toilet and attention to ade- 
quate nutrition.^^?*?* The adjunctive 
value of polyvalent antitoxin and oral 
antibiotics has not been systematically 
evaluated and at the present time is 
controversial. Those patients ultimately 
requiring tracheotomy in our series be- 
cause of prolonged nasotracheal intuba- 
tion exhibited several, significant, clini- 
cal features after five to seven days of 
assisted ventilation. In spite of modest 
improvement in peripheral motor 
strength and return of deep tendon re- 
flexes, all manifested delayed resolution 
of bulbar paralysis with persistent weak 
gag reflex, inability to handle secretions, 
ptosis and poor suck. Concomitantly, 
there was lack of improvement in lobar 
atelectasis, failure to achieve MIP great- 
er than negative 60 cm H.O, and con- 
tinued requirements for high positive 
end expiratory pressures, IMV and in- 
spired oxygen concentrations ranging 
from 30 to 40$. 


Because mechanical ventilation was 
necessary for an average of ten weeks 
in these infants, we recommend early 
tracheotomy at one week to avoid the 
major problems of tracheal and sub- 


glottic stenosis, vocal cord granulomata, 
and accidental extubation associated 
with prolonged nasotracheal intuba- 
tion.222%-8° Only those patients with a 
normal chest x-ray, minimal hypoventi- 
lation, or rapid improvement in: bulbar 
neuromuscular transmission may be suc- 
cessfully managed without tracheotomy. 
The failure of extubation (case 2) in 
the presence of continued lobar atelec- 
tasis, poor suck, depressed’ gag, poor 
tongue control, and recurrent as-- 
piration, exemplifies this  problem.: 
Subsequent decannulation of the trache- 
ostomy must be delayed until the néuro- 
logic examination is appropriate for the 
infant’s age. Thus, only one infant was 
successfully decannulated 8% months 
after intoxication, while the remaining 
two continued to demonstrate persistent 
weak gag reflex, poor feeding, and 
difficulty handling secretions. 


Presently, the mainstay of therapy in 
the management of infant botulism is 
immediate access to an intensive care 
unit and mechanical ventilatory assis- 
tance. Because of the unique aspects of 
recovery of neuromuscular function by 
sprouting of new axonal tissue,” and 
the requirement for prolonged naso- 
tracheal intubation, early tracheotomv 
at one week is recommended to avoid 
the complications associated with the 
prolonged use of indwelling endo- 
tracheal tubes. 
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Electron microscopy (EM) was useful in establishing the final diagnosis in specific:instanc 3 E 
of liposarcoma and fibrosarcoma of the larynx. In the first case light ped xevealed^Gells . 
that met the histologic criteria of a low grade liposareoma; EM revealed cells that displayed: à; 


varied ultrastructural differentiation; thus the tumor was classified. as à mixed mesenchymal tu” - 


mor rather than liposarcoma per se. In the second case; ‘pathologic evaluation indicated à:&rade: 
2 fibrosarcoma. EM revealed malignant mesenchymal cells that closely recapitulated ‘normal 
fibroblasts (no epithelial differentiation was present). This kind of information enables more;ac- 
curate determination of the source of the primary lesion than results of light microscopy alone. 





Sarcomas represent less than 1% of 
neoplasms of the larynx. Fibrosarcomas 
account for half of these. Liposarcoma 
of the larynx was first reported by Miller 
et al in 1975.1 A total of four cases of 
liposarcoma have been presented.?+ 
This report includes the fifth case of 
liposarcoma of the larynx and a case of 
laryngeal fibrosarcoma. In both, elec- 
tron microscopy was helpful in establish- 
ing the diagnosis. 


CASE REPORTS 


Case 1. Liposarcoma of the Larynx. 
A 61-year-old male was hoarse for six 
weeks beginning in May 1975. He was 
a heavy smoker and reported an 81 
kg weight loss. There was no hem- 
optysis or dysphagia. Complete blood 
count, urinalysis, chest x-ray and elec- 
trocardiogram were normal. Endoscopy 
revealed a granular exophytic lesion 
midway on a mobile left true cord. 
Pathology revealed a superficially in- 
vasive squamous cell carcinoma. He re- 
ceived 6,000 rads of opposed field radi- 
ation to the glottis and did well until 
Tuly 1976, when he developed recurrent 
hoarseness. A 1 cm fungating white 
lesion was noted on the right cord. Bi- 
opsy of this lesion showed a spindle cell 
tumor, and he underwent a wide-field 
laryngectomy in August 1976. In No- 
vember, he developed dysphagia and 
esophagoscopy revealed an exophytic 
mass in the esophagus at the surgical 
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margin; biopsy revealed liposarcoma. 
He underwent anterior neck resection, 
cervical esophagectomy, creation of: a 
pharvngostomy, and bilateral deltopec- . 
toral flap reconstruction. Support of the. 
skin flaps with a ten-day series of twicé- . ` 
daily hyperbaric oxygen chamber treats’ . 
ment was initiated. In the spring‘ of 
1977, he developed a recurrent mass in 
the neck and was treated with Cytox- . 
an®, Adriamycin®, dimethyl triazeno : 
imidazole carboxymide (DTIC) and 
vincristine sulfate. In. August 1977, a 
course of actinomycin D was given. De- 
spite these measures, he died of uncon- 
trolled disease. CE TEN 


On pathologic evaluation of the laryn- 
gectomy specimen, the right true vocal 
cord was distorted bv an exophytic tu- 
mor that measured 2.8 x 2.5 cm. The 
tumor infiltrated to the level of the thy- 
roid cartilage. The left vocal cord was 
indurated but no tumor was present. 
Examination by light microscopy 
showed that the right laryngeal lesion 
was composed of spindle to stellate- 
shaped cells that were embedded in a 
loose myxomatous stroma (Fig. 1). 
Tumor giant cells were present and 
there was a prominent vascular pattern. 
This lesion fulfilled the histologic cri- 
teria of a low-grade liposarcoma. Tissué 
was submitted for electron microscopy 
to confirm this diagnosis. Histologic 
sections of the left vocal cord showed a 
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Fig. l. A representative area of the 
laryngeal tumor. The tumor cells are 
stellate-shaped and are embedded in a 
loose, myxomatous stroma. (x230) 


well-differentiated squamous cell car- 
cinoma that was superficially infiltrat- 
ing. 

Examination by electron microscopy 
showed that the right vocal cord tumor 
was composed of stellate-shaped mesen- 
chymal cells that displayed a varied 
ultrastructural differentiation. The tu- 
mor cells were embedded in a loose ra- 
diolucent ground substance that corre- 
lated with the myxomatous stroma iden- 
tified bv light microscopy (Fig. 2). 
While the individual growth pattern was 
suggestive of a liposarcoma, the individ- 
ual tumor cells recapitulated fibroblasts, 
skeletal muscle and smooth muscle as 
well as lipoblasts (Fig. 3). Because of 
this mixed pattern of differentiation, the 
tumor was classified as a mixed mesen- 
chymal tumor (malignant mesenchy- 
moma ) rather than a pure liposarcoma. 


Case 2. Fibrosarcoma of the Larynx. 
A 53-year-old male had gradually pro- 
gressive hoarseness for 18 months. He 
was found to have an exophytic poly- 
poid growth on the right cord and sub- 
glottic area. Biopsy showed polymor- 
phic fibromatous material consistent 
with fibrosarcoma or a pseudosarcoma- 
tous reaction. Repeated biopsies were 
obtained with similar findings. He was 
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Fig. 2. Malignant mesenchymal cells 
surrounded by an electronlucent ground 
substance (arrow). (x 1,599) 





transferred to the Virginia Mason Hos- 
pital in Seattle for therapy. Laryngo- 
tomograms suggested fixation of the 
right hemilarynx. In June 1978, the 
right vocal cord was biopsied and he 
underwent a subsequent total laryngec- 





LÀ 


Fig. 3. A portion of a tumor cell with 
cisternae that contain floccular mater- 
ial of medium electron density, possibly 
representing the percursors of tropocol- 
lagen (arrow). (x 10,180) 
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Fig. 4. Right vocal cord mass com- 


prised of interlacing bundles of spindle- 
shaped cells. (x 230) 


tomy without neck dissection. He had 
an uneventful postoperative course and 
remains free of disease. 


On pathologie evaluation the right 
true vocal cord was markedly distorted 
by a sessile mass that measured 1.6 x 1.5 
cm. The tumor infiltrated to the level 
of the thyroid cartilage and measured 
1.1 cm in thickness. By light microscopy, 
the tumor was composed of interlacing 
bundles of plump spindle-shaped cells 
(Fig. 4). Multinucleated tumor giant 
cells and a scattering of inflammatory 
cells were also present. The overlying 
squamous epithelium was centrally ul- 
cerated at the site of previous biopsy, 
but elsewhere the mucosa was intact 
and histologically normal. Pathologic 
evaluation of the larynx revealed a 
grade 2 fibrosarcoma of the right sub- 
glottic space. Electron micrographic 
studies were obtained. Ultrastructural 
examination of the tumor showed malig- 
nant mesenchymal cells that were gener- 
ally fusiform in configuration (Fig. 5). 
These cells closely recapitulated normal 
fibroblasts. Their cytoplasm contained 
dilated cisternae of rough endoplasmic 
reticulum. The cisternae contained 
abundant floccular material of medium 





Fig. 5. Mesenchymal cells that are fusi- 
form in configuration. (x 1,599) 


electron density (Fig. 6). No epithelial 
differentiation was present. 


DISCUSSION 


Though fibrosarcoma is a rare lesion 
in the head and neck, its importance lies 
in the diagnostic difficulties that it pre- 
sents, especially in the poorly differen- 
tiated form. Accurate diagnosis is es- 
pecially important in fibrosarcoma be- 
cause of the difference in prognosis and 
treatment in comparison to carcinoma 
with pseudosarcomatous tissue reaction.? 
The fibrosarcomas are generally less 
likelv to metastasize, and manifest a 
tendency toward local recurrence. In 
the liposarcomas, local recurrences tend 
to remain localized and spread along 
fasc'al planes to increasing depths.* 


When the diagnosis of fibrosarcoma 
can be made with confidence, the treat- 
ment is radical resection. Walker et al 
concluded that regional node dissection 
was not necessary if metastases were 
not clinically manifest? Regional node 
dissection is not performed unless nodes 
are palpably abnormal or in contiguity 
with the specimen. These tumors are 
considered poorly responsive to radia- 
tion. Beyond these general statements, 
the behavior of individual tumors which 





Fig. 6. Portions of two tumor cells that 


closely recapitulate normal fibroblasts. 
Note the dilated cisternae of the rough 
endoplasmic reticulum (arrow). (x 
4,060 


appear similar on gross and light micro- 
scopic inspection vary widely.* 


Krajina emphasized that the gross ap- 
pearance of the lesion can give an im- 
portant clue to the diagnosis. The ap- 
pearance is described as “a pink, fleshy 
mass, or a polypoid growth with a broad 
base."^ Ulceration and surrounding re- 
action were found to be relatively un- 
common. Most fibrosarcomas are in 
males, arise from the anterior commis- 
sure, and are nodular or pedunculated.'! 
Miller et al discuss the importance of 
obtaining an adequately deep biopsy 
specimen of these lesions. Incisional 
biopsv should be used if necessary to 
sample the more characteristic tjene 
deep within the specimen. 


There is difficulty distinguishing true 
sarcomas. from the mesenchymal re- 
action or carcinoma or pseudosarcoma. 
Flanagan et al reviewed the previously 
reported cases of fibrosarcoma in 1965.12 
Davies observed that many of these 
probably were epithelial in origin.’ 


Friedmann employed electron micro- 
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scopy to evaluate subtle ultrastructural 
changes occurring in head and neck 
malignancies. The finding of amorphous 
granules helped to establish the diag- 
nosis of granular cell myoblastoma in a 
difficult anaplastic sarcoma.'* Diag- 
nosis and subtyping of cell type in rhab- 
domyosarcoma by electron micrograph- 
ic techniques also was reported.’ 


Shin and Abramson reported the first 
electron micrographic studies of fibro- 
sarcoma of the larynx.'^ Ultrastructural 
studies were proposed to be useful in 
differentiating the spindle cell-type tu- 
mors. Determination of the degree of 
differentiation of a given tumor is help- 
ful in determining the prognosis and in 
formulating a treatment plan. 


Lipsocarcoma of the larynx is exceed- 
ingly rare, and may not exist in the pure 
form. Our case, previously referred to 
in another report," demonstrates the 
fact, which electron microscopy has 
brought out, that liposarcomas are fre- 
quently mixed mesenchymal neoplasms 
in which the liposarcomatous portion 
may be the most prominent or most 
easily recognized component. It is sug- 
gested that liposarcoma not be so classi- 
fied without electron microscopic con- 
firmation and the terms "mixed mesen- 
chymal sarcoma” or “malignant mesen- 
chymoma with lipomatous component” 
should be utilized if appropriate. 


CONCLUSION 


The use of electron microscopy in 
clinical medicine is gaining widespread 
attention. Advances in tissue processing 
have resulted in information being avail- 
able within two days. Poorly differenti- 
ated metastatic tumors provide few 
clues by light microscopy as to the site 
of origin. In addition, the category of 
undifferentiated neoplasia contains tu- 
mors which vary widely in clinical be- 
havior. 


Tumors which appear similar by l'ght 
microscopy can display differences in 
content of cellular fine structures. These 
structures can recapitulate the ultra- 
structure of the tissue of origin.'? Based 
on this information, the source for pri- 
mary lesion can be detected more accur- 
ately. The structural contents of a cell 
can allow subclassification of many of 
the undifferentiated tumors. Informa- 
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tion based on the outcome of these cate- 
gorizations by ultrastructure may reveal 
a pattern that will allow better prog- 
nostication of these variably behaving 


tumors. More. accurate evaluation of 
treatment regimens can be made on 
tumors known* to: be more closely re- 
lated. a. 
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Most physicians involved in the diagnosis and management of foreign body aspiration and 
caustic ingestion assume that the numbers of these cases are decreasing. A sizeable number of 
patients die of caustic ingestion and poisoning annually, and deaths from foreign body ingestion 
have more than doubled since 1950, Increasing the significance of these needless tragedies is 
the fact that the most frequent victim is a young, healthy child. Physicians should encourage 


educational campaigns to aert parents to the dangers of caustic agents and small items capable 


of being aspirated. They shoul 
current opinions regarding management. 


Gaustic ingestion of foreign bodies in 
the air or food passages causing obstruc- 
tion or suffocation have always been 
dramatic and unnecessary ways to die. 
Generally the event is accidental and, 
with the exception of suicides and food 
aspiration leading to the “café coronary,” 
the victim is usually a young, healthy 
child: 


The American Broncho-Esophagologi- 
cal Association (ABEA) has pioneered 
efforts in identifying and treating these 
problems and in educating the medical 
profession and the public to their occur- 
rence and prevention. This Association 
and its members have been instrumental 
in urging the enactment of laws which 
require the labelling of poisons, identifi- 
cation of toys capable of being aspir- 
ated, reduction of the concentration of 
caustic alkalis in drain cleaners, and the 
development of childproof containers. 


This report discusses the mortality 
trends for foreign body and caustic in- 
gestion, reviews efforts to reduce the in- 
cidence, and lists current treatment 
recommendations. 


INCIDENCE 


Available data refer to mortality only. 
The actual incidence is many times 
higher than the figures listed here since 
most victims are rescued by prompt 
medical intervention. 


be conversant with the treatment of both. This paper reviews 


Table 1 lists mortality for poisonings 
and foreign body aspirations for the 
years 1940 to 1976. Accidental poison- 
ings include mortality from alcohol, 
cleansing and polishing agents, disin- 
fectants, paints and varnishes, petroleum 
and solvents, pesticides and fertilizers, 
heavy metals and their fumes, corrosives 
and caustics, noxious foods and poison- 
ous plants and unspecified solid and 
liquid poisons. These poisonings ac- 
counted for about 1,000 deaths annually 
from 1940 to 1976, the last year for 
which statistics are available.! 


The mortality rate (deaths/100,000 
population) from accidental poisonings 
for this period was 1.0 in 1940, 0.6 in 
1950, and 0.5 in 1960. Since 1970 the 
ps has remained stable at 0.6 (Table 
1). 


Further trends can be observed. The 
number of corrosives and caustics acci- 
dentally ingested has decreased, as have 
most other categories except acute al- 
cohol poisoning, which has risen 38% 
since 1970, and the unspecified category 
which includes alcohol and drugs. Prior 
to 1960 cleansing and polishing agents, 
disinfectants, paints and varnishes, and 
pesticides and fertilizers were not part 
of the index of accidental poisonings. 
Apparently attempts to prevent acute 
poisonings have been successful except 
for those caused by alcohol and drugs, 
which appear to be increasing. 
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TABLE 1. MORTALITY FROM FOREIGN BODIES AND CAUSTIC AGENTS, 1940-1976 














1940 1950 1960 1970 -1973 1976 
Total U.S. population (millions) 131.6 151.1 179.3 | 203.2: ^ 209.9 214.6 
Accidental poisoning 
Alcohol — 246 357 - 208 333 337 
Cleansing and polishing agents — — — " 29 10 14 
Disinfectants — — — 4 2: 6 
Paints and varnishes — — — 1 E ual 
Petroleum and solvents — 146 78 64 EEEE a 
Pesticides and fertilizers — — — 44 3090 30. 
Heavy metals and their fumes — 151 145 50 2] 15 
Corrosives and caustics, n.e.c. — 78 56 5T 15 22 
Noxious foods and poisonous plants — 18 d 6 3 6 
Unspecified solids and liquids — 204 200 743 781 846 
Total 1,324 842 836 1,174 1,239 1,322 
Death rate? 1.0 0.6 0.5 0.6 0.6 0.6 
Inhalation and ingestion of substances 
causing obstruction or suffocation 
Food 1,088 1,949 2,059 2,210 2,144 - 
Death rate? 931** 0.7 1.1 1.0 LX x. 1.0 
Other substances 0.7°* 262 448 694 803 889 
Death rate? 0.2 0.2 0.3 0.4 0.4 
Suicides 
Corrosive aromatics — — 12 15 4 
Caustic alkali 70 39 43 '93 33 


*Death rate — Deaths/100,000 population. 


**Mortality from inhalation and ingestion of all substances causing obstruction or suffoca- 
tion. For 1940, aggregate data only are available. 


Data for the inhalation or ingestion of 
food causing obstruction or suffocation 
indicate that the rate has remained con- 
stant or increased slightly since 1940, as 
has the rate for inhalation or ingestions 


of true foreign bodies. 


Another trend is the decrease in sui- 
cides by corrosive aromatics or caustic 
alkalis. Presumably the population bent 
on suicide has learned that there are 
many quicker, less painful ways to exit 
this world than through the ingestion of 
these devastating substances. 


Table 1 indicates that overall rates 
are either stable or increasing. Have at- 
tempts at education and regulation of 
these substances been less than opti- 
mum? One can only surmise what the 
rate would be if some corrective actions 
and educational measures had not been 
taken. 


As stated previously, members of this 
society have assisted in endeavors to 
prevent poisonings. Chevalier Jackson, 
MD, was instrumental in having legisla- 
tion passed which required that poison- 
ous substances be labelled with the skull 


and crossbones. More recently, Frank 
Ritter, MD, as chairman of the Foreign 
Body Committee assisted in securing the 
reduction of caustics in liquid drain 
cleaners. 


Not all new laws, rules or regulations 
are greeted with enthusiasm. The Poison 
Prevention Packaging Acts of 1970 and 
1972 mandated the use of child-resistant 
containers for nearly all prescription 
medications. Some wags have suggested 
that only a child can open these con- 
tainers. This is only partially funny since 
elderly people, especially those with 
arthritis or other diseases diminishing 
dexterity, may have great difficulty 
opening their medications. Sherman et 
al? recently reported 33% of elderly pa- 
tients who were given drugs in child- 
resistant packages admitted improper 
use of the drug due to difficulty in 
opening the container. These, containers 
have undoubtedly saved children's lives 
since aspirin poisoning in children 
dropped from 11,000 in 1966 to 3,600 in 
1976. Is it necessary to do away with 
childproof containers to enable the el- 
derly to open their drugs? The law al- 
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lows the” pliysicidrí:to: order. containers 
that are not -child-resistant for his pa- 
tients; It further allows tlie patient to 
specify a noncompliant container to the 
pharmacist, and finally, the’ pharmacist 


~.. may ‘inform the patient.of the avail- 


ability. of such. containers. These facts 
inf.ouf that education of patients and 
atisalike can do much to gain ac- 






The federal government through the 


‘Consumer Products. Safety Commission 


and. the . Environmental Protection 
Agency. (EPA ) cah exert much pressure 


. to” bring civil and criminal lawsuits 
against errant thanufacturers. 
- "One Company recalled 900,000 games 
‘after’ two 
"mibber «x 


'hildren choked to death on 
éts.. Another company was 
forced tó.place a warning not to fire its 
missiles- toward the face after several 
aspirations occurred. EPA has required 
recently childproof packaging of 14 pes- 


' ticides used in approximately 1,000 agri- 


cultural products. 


" ^ Protection of the environment can 


cause problems. As reported before the 
ABEA by Morioka et al? the'pull-tab 
openers on beer cans ate-one cause of 
environmental pollution.: Ecology-mind- 


- : ed’beer drinkers thought that rather than 
` throw. these tops away, a good place 


© for them was in the full beer can. Sev- 


-` eral accidental ingéstions were enough 


to urge discontinuance of this practice. 
Aspiration of. pull-tabs has resulted in a 
death and two esophageal perforations.* 
Particularly distressing is the difficulty 
in visualizing these aluminum tabs on 
x-ray. ^ : 
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New products are marketed and la- 
ter may be found to be dangerous, such 
as the toys mentioned. Even seemingly 
innocuous materials must be scrutin- 
ized. Abramson* reported that such 
ubiquitous compounds as denture clean- 
sers, not considered dangerous by many, 
are capable of causing severe focal to 
diffuse caustic burns of the esophagus 
if aspirated. Likewise many bleaching 
agents used in home laundries can cause 
mild to moderate esophageal burns,’ and 
the corrosive effects of caustic cleaning 
compounds containing lye are well 
known. : 


TREATMENT 


Prevention is always better than 
treatment, Education of the public to 
avoid storing lye in soft drink bottles 
where children can find them, not allow- 
ing toddlers to eat nuts or seeds, placing 
prominent warnings on dangerous toys, 
drugs and pesticides, and mandating 
child-proof containers for items with 
poisonous potential are effective ways 
to prevent some accidents. It is 
clear from the statistics presented that 
accidental poisonings are increasing 
numerically. All endoscopists must be 
ims with treatment of these prob- 
ems. 


Foreign Bodies. 'The treatment for as- 
pirated foreign bodies is to remove them, 
and there are several ways of doing this. 
Choking on food is the one area of as- 
piration more common in adults than in 
children. Heavy ingestion of alcohol pre- 
disposes to this accident. Typically the 
victim is dining in a restaurant, chokes, 
cannot say anything and tries to reach 
the restroom to dislodge the food, us- 
ually a piece of meat. If he is unsuccess- 
ful, he may be found dead at the toilet, 
or if he falls at the tableside, may be 
erroneously diagnosed as having a myo- 
cardial infarction (hence the name "café 
coronary") by his fellow diners, al- 
though the symptoms of a heart attack 
and choking on food are not similar. 


While the population rose five million 


. from 1973 to 1976, the overall number 


of deaths from choking on food dropped 
by 66 and the rate dropped from 1.1 to 
1.0/100,000. The reasons for this may be 
many, but it is at least in part due to 
the technique described by Heimlich, a 
member of this society. This maneuver, 
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first reported in 1974,8 consists of wrap- 
ping the arms around the standing, 
choking victim from behind, and grab- 
bing one fist with the other hand. The 
thumb side of the fist is placed against 
the midriff just below the rib cage. 
Then, with a sudden upward thrust the 
fist is pressed into the victim's abdomen, 
several times if necessary. This forces air 
out of the lungs rapidly and expels the 


obstructing bolus. It can be accom- . 


plished with the victim lying supine as 
well by kneeling over the victim and 
pressing into the same area of the mid- 
riff with the heel of the hand. Anyone 
can be taught this technique in a few 
minutes. 


Food aspiration can also occur in hos- 
pitalized patients, and in one recent se- 
ries? food asphyxiation caused 1.3% of 
all deaths of patients who came to au- 
topsy at a hospital for chronic disease. 
The patients. usually died during or 
shortly after meals and were mistakenly 
diagnosed as having myocardial infarc- 
tions (8 of 14 pou): Sedation, old 
age and poor dentition predisposed to 
aspiration. 


Food which lodges in the esophagus 
is another problem, and although some 
local anesthetic agents may be given 
by mouth in an effort to relax esopha- 
geal sphincters and let the food pass, 
the former practice of giving meat di- 
gestants (especially when meat is ob- 
structing) is condemned. The concept 
was to partially “digest” the meat in the 
esophagus and allow it to pass. Some- 
times the esophagus itself was “di- 
gested,” as suggested by reports of death 
from perforation and mediastinitis fol- 
lowing the ingestion of caroid.! 


Food lodged in the esophagus should 
be removed endoscopically if it does not 
pass in a relatively short time (approxi- 
mately 12 hours) and should not be 
pushed into the stomach. Bones, coins or 
other unyielding objects should be re- 
moved as soon as possible, especially if 
they have sharp edges. If they enter the 
stomach, they may be allowed to pro- 
gress through the gastrointestinal tract 
and most will pass. The patient must be 
followed carefullly, however. An exten- 
sive perirectal abscess from an aspirated 
chicken bone has been reported. 


A method of identifying fish bones or 
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“ other small.radidlivéit- obstructions is to 


fluoroseope lie: patient swallowing a 
small wisp ‘of cotton’ soaked in a radio- .. 
paque material. This’ will-frequently re- ` 

veal the foreign body when the cotton ` 
is stopped by the obstruction. © ^. -` 


All foreign bodies aspirated’ into the 
tracheobronchial tree must“be:renxjved. — ' 








detect. . an 


Aspiration. of foreign bodies. into; the ~ © 
tracheobronchial tree occurs most often 
in children aged one to-three years. The 
aspirated items can be any item small 
enough to pass the glottis. Candy, which 
will dissolve in the tracheobronchial se- , 
cretions, can cause severe" respiratory 
obstruction." : Apparéntly. the oy 
cretions cannot he clearéd ‘by: coughing. . 

Most adults,..can üsüülly:tell when 
they have aspirated: a: foreign body,: ` 
but children, particularly-toddlers who 
aspirate most-often, usually cannot, Any . 
child playing with,'or eating, small ob- ~ 
jects who develops:severe coughing or .. 
dyspnea may viro ee If the par- 
ents relate that kind of-históry to.the 
physician, bronchoscopy;is indicated even. - 
with a negative chest x-ray, Law. and ‘` 
Kosloske’* reported success using pos- 
tural drainage in dislodging foreign ` 
bodies from the tracheobrdiachial treé.in. ' 
12 of 49 patients. Many, skilled- endo- 
scopists question this, and “éven these 
authors agree that waiting beyond 24 
hours is not a good idea. Since the ef- 
ficacy of bronchoscopy exceeds 90% and 
the morbidity is low, it is accepted treat- 
ment today. Morbidity from broncho- 
scopy performed by a properly trained 
endoscopist working closely with an 
anesthesiologist. is much less than from 
atelectasis’ that develops distal.to a for- 
eign . body...-Postendoscopic treatment : 
with antibiotics and/or. steroids lowers: 
the morbidity further. Recurrent -pul-: 
monary infections, "asthma," and lung. 
abscess are some of the complications of " 
untreated foreign bodies in the tracheo- 
bronchial tree. 


If bronchoscopy: “is. unsuccessful, 
thoracotomy and bronchotomy to re- 
move the foreign body are’ required, 











2 
3. 


-~ monary ine r 
-, terologists;:general'surgeons and pedia- 
. tricians performing - endoscopic 


m 










tlie 


‘and the parents tli 
fact 


appraised of this: 
‘scopy. > > 


pati 
“bei 





. The: tenn. i “properly trained ` 'endo- 
' “scopist” rdises the question; of who. 


should remove aspirated foreign bodies, 


„and "what-cónstitutes proper: training. . 


Some. years ago, people like the Jack- 


- “sons, Norris, Holinger, Maloney; and the 


"Tüuckers removed. many .aspirated for- 
z eign ` bodies. annually. . Their’ patients 
were referred from hundreds: of miles 
away. Today. endoscopists. see only a 
handful of these cases annually. Yet the 
. totàl number of deaths. has increased 
“from: 262-in: 1950 to 889 in 1976 and the 


“rate has doubled from 02 in. 1950 to 0.4 


in 1976. Marta! 
_The decrease, in numbers of patients 
„with aspirated foreign ‘bodies seen by 
‘any onë éndoscopist. can prevent him 
‘from devéloping the. skills to, become 
proficient in this field; Caseloads have 
been “diluted -by: increased numbers of 
Miete eee thoracic surgeons, pul- 


© 


icine, specialists, gastroen- 


roce- 
dures. "The availability and ease of pass- 


..; ging a fiberoptic endoscope has tempted 
.". many physicians^with inadequate train- 
"+. ing to attempt removal of aspirated for- 


' éign bodies. Here, as in other aspects of 
medieine, the first person to attempt the 
treatment usually has the best chance of 

. Success provided. hé has two prerequi- 
sites: skill and proper equipment. 

- A case report serves to point out some 
‘of the problems: A’.47-year-old female 
was accompanying her politician hus- 

«band on a political campaign when, 


ent should be 
fore "broncho: - 
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while eating some chicken, she choked. 
She was taken to the local hospital 
where a physician with a fiberoptic gas- 
troscope was called. After a delay, 
alleged to be several hours, the physi- 


. Gian arrived and passed the gastroscope 


without sedation, local or general anes- 
thesia. The patient later described the 
experience as the worst in her life. The 
piece of chicken, with a bone attached, 
was pushed into the stomach. 


The next morning, the patient was 
transferred to a medical center and the 
care of a thoracic surgeon. Her white 
blood count was 15,000 and her tem- 
perature was 39C. Repeat esopha- 
goscopy revealed no esophageal lacer- 
ations, but a barium swallow did show 
slight extravasation of radiopaque ma- 
terial A nasogastric tube, nothing by 
mouth and massive antibiotics resulted 
in resolution of her symptoms. She was 
most fortunate since mortality from eso- 
phageal perforation is high. 


The Education Committee of the 
ABEA has attempted to establish guide- 
lines for adequate training for an endo- 
scopist, but there is no means of forcing 
compliance of these principles. Respon- 
sible physicians would not perform pro- 
cedures unless they were qualified to do 
so, and irresponsible persons would prob- 
ably ignore guidelines. As with other 
surgical procedures, it falls to hospital 
credential committees to require proof 
of training and experience for staff 
members performing endoscopy. 


As a minimum, any endoscopist at- 
tempting to remove a foreign body 
should be familiar with rigid tube endo- 
scopy and have adequate numbers and 


TABLE 2. CAUSTIC SUBSTANCES CAUSING OROPHARYNGEAL AND 
ESOPHAGEAL BURNS 








Agent 


Use 





- Sodium hydroxide (lye, Drano9, Easy-Off®, 
.Cliniteste tabs, Liquid Plumr®) 


^x 


i “ Sodium’ ‘hypochlorite. ( Purex®, “Clorox® ) 
; "Ammonia 4, eee FEN ra 


Carbolie acid ( phenol) (Lysocl$). ^. 
Sodium bisulfate (Sani-Flush9) ; - - 
Hydrochloric acid mea RED 
Hydrofluoric. acid 

. Sulfuric acid `, — 
Acetic acid’. 


n 


Detergent washing powder, paint remover, 
drain pipe and toilet bowl cleaner, oven 
cleaner 


Bleach 

Cleaning agent, jewelry and metal polish, 
hair dye 

Antiseptic, disinfectant 

Toilet bowl cleaner 

Swimming pool acidifier, metal cleaner 
Rust remover 

Metal cleaner 

Permanent wave neutralizer 
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types of grasping forceps. Most of all, 
experience in using the equipment is 
necessary. 

Caustic Ingestion. One of the most 
difficult problems facing any physician 
is the diagnosis and management of 
caustic ingestion. It is a controversial 
subject and much has been written 
about it. The following summarizes cur- 


rent thinking. 


As with foreign body aspiration, the 
toddler between the ages of one and 
three makes up the majority of patients 
in all series. When the victim is an adult, 
ingestion is usually a suicide attempt. 
Table 2 lists the substances commonly 
seen which can cause oropharyngeal and 
esophageal burns. Alkali burns are ap- 
proximately ten times as common as 
acid burns, probably because alkalis 
are more ubiquitous in the home. High- 
ly alkaline drain and pipe cleaners avail- 
able in liquid or solid form are found 
routinely in homes, as are laundry de- 
tergents, bleaches or other cleansing 
agents which can cause serious injury. 
Caustic soda (NaOH) or caustic potash 
(KOH) can be highly destructive of 
mucosal tissue in seconds in concentra- 
tions under 5%. 


The tissue damage is referred to as 
burns, but in reality, alkalis cause liqui- 
factive necrosis which extends deeply 
into tissue, whereas acid burns cause 
coagulation necrosis which tends to pre- 
vent further damage. 


In general, acids cause less damage in 
the esophagus due to its slightly alkaline 
nature, and more damage in the stomach 
and duodenum. Alkalis damage the 
mouth, oropharynx, esophagus and stom- 
ach, but tend to be neutralized by gas- 
tric acid. 


In a review of 105 cases by Bikhazi et 
al, lye and lye products caused oro- 
pharyngeal burns in 54 of 60 patients, 
esophageal burns in 34 and esophageal 
stricture or death in 17 (28.3%). Twen- 
ty-six patients ingested Clorox®, result- 
ing in nine oropharyngeal burns and 
seven esophageal burns with no stric- 
tures or deaths. This illustrates that the 
extent and severity of the chemical 
damage is due to 1) the concentration 
of the ingested caustic, 2) the amount 
of the caustic ingested, and 3) the dura- 
tion of tissue contact. 


When a child accidentally ingests a 
caustic, he spits it out and hopefully 
only oropharyngeal burns result. An 
adult bent on suicide will continue to 
swallow. 


^ 


Upon ingesting a caustic, the patient 
experiences intense ‘pain, esophageal 
spasm and vomiting. The mother us- : 
ually brings the child to the emergency 
room, and parental knowledge of first 
aid measures is surprisingly good. In 
85 cases reported by Feldman et al’ 
50% were given milk, water, vinegar or 
citrus juice immediately following in- 
gestion, and 60% of the mothers followed 
the instructions on the American Med- 
ical Association's "poison chart" in that 
they did not try to induce vomiting or 
give emetics. This contrasts with pre- 
vious statements that the parents of chil- 
dren ingesting caustics were ignorant of 
their dangerous potential; ie, high socio- 
economic status is no protection against 
caustic ingestion. ‘ 


Emergency management previously 
consisted of attempting to neutralize , 
the agent, ie, alkalis for acid and acids’ 
for alkali ingestion. Recent work" has 
shown that the recommendation to ‘use 
acid neutralizers results. in additional 
heat being produced by exothermic re- 
action and possibly increased tissue 
damage. Although caustics produced 
heat with all diluents including milk 
and water, acid antidotes prolonged the 
high temperature. The ready availability. 
of milk or water and their acceptance 
by the child make them the diluents of 
choice. Milk, egg whites or any com- 
monly available antacids are recom- 
mended for acid ingestion. 


Emetics are contraindicated in all cas- 
es, but gastric lavage through a naso- 
gastric tube has been recommended by 
some as a means of removing excess 
NS Most authors do not recommend 
this. 


An attempt to identify the caustic 
ingested is important, as well as a care- 
ful history. Physical examination may 
show bums of the lips, mouth or 
pharynx, and respiratory symptoms may 
be present if the larynx is burned. Oro- 
pharyngeal burns do not invariably 
mean the esophagus is burned. Of all 
patients ingesting caustics, 60-80% will 
have oropharyngeal burns, but only 50- 
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: 60% : will have esophageal burns.i15 
- Oropharyngeal burns usually indicate 
` esophageal burns, but esophageal burns 


can be present without oropharyngeal 
involvement.!?3? 


Holinger’® and Borja et al? advised 
against esophagoscopy because of the 
danger of perforation, but most authors 
now feel that early esophagoscopy 
(within 12 hours of ingestion) is indi- 
cated. Most advise stopping at any cir- 
cumferential burn. If no burns are seen, 
early discharge with follow-up can be 
accomplished, or if burns. are present, an 
assessment of degree can be made with 
a more reasoned approach to therapy. 


' ^ Burns are characterized as first degree 
(erythema and edema), second degree 
(erythema, blisters and superficial ul- 
cération), and third degree (erythema, 
deep ulcération and eschar formation ). 
Most authors. recommend antibiotics 
and steroids, but several studies':!7 have 
shown that with severe (third degree) 
burns, steriods will not prevent stenosis. 
Many do administer steroids, and it is 
important to give them during the first 
48 hours when the inflammatory re- 
sponse is greatest. Antibiotics are indi- 
cated, and ampicillin is the drug most 
frequently recommended. 


Ritter et al^ advocate early esopha- 
gogastrectomy in the treatment of se- 
vere burns, especially those caused by 
liquid drain cleaner, which is a particu- 
larly;corrosive agent. A colon interposi- 
tion is performed later. They feel this 
procedure lessens morbidity, hospital 
convalescence and complications from 
caustic ingestion. 

To summarize the management of 
caustic ingestion, a treatment plan sim- 
ilar to that suggested by Haller et al?! 
is recommended: 

1) Obtain a detailed history and 
identify the caustic agent. 

2) Admit the patient to the hospital, 
and give nothing by mouth. 

3) Begin intravenous fluid mainten- 
ance and type and crossmatch, 
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4) Obtain a chest film on admission 
plus routine blood and urine studies. 


5) Perform esophagoscopy within 12 
hours of admission. 


6) Obtain esophageal  cinefluoro- 
scopy within 24 hours if possible. 


If no esophageal burn is found at eso- 
phagoscopy: 


1) Care for the mouth burn and dis- 
charge the patient. 


2) Re-evaluate the patient in one 
month. If no esophageal symptoms are 
present have the patient return in one 
year. If esophageal symptoms are pre- 
sent obtain cinesophagography and di- 
lute the esophagus as indicated. 


If esophageal burns are noted during 
esophagoscopy do not advance the eso- 
phagoscope into the burned area. 


1) Begin steroid administration within 
48 hours (2 mg/kg/day of prednisone). 


2) Administer antibiotics (ampicillin 
250 mg qid x 10 days). 


3) Continue intravenous fluids until 
the patient can swallow saliva, usually 
within 48 hours. Consider inserting a 
nasogastric tube. This is controversial 
since it is not needed in mild burns; it is 
very dangerous in severe burns (esopha- 
gus is easily perforated), but may be of 
help in moderate burns. 


4) Once the patient begins to swal- 
low saliva, give a clear liquid diet. Ad- 
vance to a soft diet as tolerated. 


5) Repeat cinefluoroscopy three 
weeks after the burn. If significant 
stricture is noted, stop steroids and be- 
gin dilatations. If no stricture is seen, 
stop steroids and follow monthly for one 
year. 


6) Consider early esophagogastrec- 
tomy as advocated by Ritter et al?? in 
individuals with severe burns of the 
esophagus or stomach, ie, burns from 
liquid drain cleaner or highly concen- 
trated acid ingestion. 
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MOSES HYMAN LURIE, MD 
1893-1979 


Moses, Lurie was born of hard working, ambitious, intelligent parents in Boston, 
Massachusetts on April 10, 1893. Early in his youth he developed an interest in 
medicine and began spending time around the Massachusetts General Hospital. 
Although he wanted to attend medical school his family was unable to finance this 
dream at that time, so he entered Harvard School of Dentistry. When he obtained 
his dental degree he discovered that he was too young to be eligible for a license; 
instead of going into practice, he was admitted to Harvard Medical School. On 
graduation he was awarded a traveling fellowship and shortly thereafter volun- 
teered for service in the American Ambulance Hospital and the United States 
Army Medical Corps in France. During his two and a half years at the Ambulance 
Hospital, he spent a large part of his time in head and neck surgery. 


Dr. Lurie received an appointment at the Massachusetts Eye and Ear Infirmary 
in 1926 and one year later, was certified by the American Board of Otolaryngology. 
He started at the bottom of the rung at the Infirmary and worked his way up to 
Consulting Surgeon in Otolaryngology; in 1954, he was made Director of Otologic 
Research. At Harvard Medical School he rose from Assistant Instructor to Associate 
Clinical Professor. Early in his career he became associated with Hallowell Davis, 
S. S. Stevens and their associates in the Havard Physiology Department who were 
investigating techniques of electrorecordings of the inner ear and auditory nerve. 
Although Dr. Lurie's training had been clinical rather than fundamental he was ex- 
perienced in the use of the compound microscope and was familiar with the pre- 
paration of the temporal bone for microscopic examination; consequently he was 
invited to become a member of the team. In collaboration with the Davis group he 
published a series of papers the first of which was presented at the American Oto- 
logical Society in 1933. At that meeting at the very young age of 40, he was made 
a member of that. senior Society. He never willingly missed a meeting of the So- 
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ciety, was its President in 1959 and Guest of Honor in 1973. He was. Guest of 
Honor of the Triological Society in 1978. Ede D 


Dr. Lurie was the first Infirmary otologist to become actively engaged in funda- 
mental ear research. He provided financial assistance for research projects and took 
time from his private practice to participate in them. He distributed to investi- 
gators contributions which he received from his patients who wanted to help his 
research efforts. He made weekly visits to research laboratories in and around the 
Infirmary and would provide enthusiasm and share his knowledge with the young 
basic investigators. Dr. Lurie became the unofficial liaison between basic re- 


searchers and otolaryngologists in Boston; his ability to communicate with both...‘ 


groups was a great asset which was frequently used. 


Dr. Lurie was considered one of the most knowledgeable persons in this country 
on the history of otolaryngology. He amassed a wealth of facts and anecdotes of 
the Boston medical scene. Under the influence of Harvey Cushing he came to 
know and love old and rare medical books. He was alert to the classics of oto- 


laryngology; he knew good printing, fine paper and artistic illustrations, but rnost 
important, he appreciated outstanding content. . A 


Prior to 1950 there had been no library of otolaryngology at the Infirmary. 
Working with Dr. Leroy Schall, he was able to correct this deficiency. Today the ` 
otolaryngology collection at the Infirmary is perhaps one of the finest and most 
complete in this country. He worked to sustain the library and to see that it was 
properly housed and managed. He was appointed chairman of the Infirmary Li- 
brary Committee and became very knowledgeable about medical libraries. 


Dr. Lurie was loved as a teacher and counsellor of young men; he epitomized the 
dedicated, scholarly, unselfish physician. He made contributions to our knowledge 
of the electrical activity of the cochlea, the phylogenetic development of the coch- 
lea, noise deafness, pitch localization, ototoxic drugs, the morphology of the cóch- 
lea of the waltzing guinea pig and congenital deafness in dogs. He wrote on such 
subjects as exophthalmos, cholesteatoma, cystic fibrosis and deafness in infants. 


Dr. Lurie is survived by his devoted family: his wife, Ruth,, who shared with 
him a rich and full partnership for 53 years, and their children Susan, Fred and : 
Ruth. It was the sincere belief of countless friends, colleagues and patients that Dr. 
Lurie's rugged constitution would permit him to remain with us indefinitely.. He 
died on September 9, 1979. upto 


Ben’ H. SENTURI, MD 
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Clinical Management of Neurogenic 
Communicative Disorders 


Edited by Donnell F. Johns. Hard cover, 
black and white illustrations, indexed, re- 
ferenced, 342 pp, 1977. Little, Brown and 
Company, Boston. 


This book is a very relevant contribution to 
the literature on treatment of neurogenic com- 
mynication disorders by seven authors: R. T. 
Wertz, .R. H. Brookshire, L. L. LaPointe, J. C. 


` Rosenbek, S. Macaluso-Haynes, D. F, Johns, 


-and K. E. Salyer. The book provides a fairly 


z 


' topics is reviewed and 


comprehensive presentation of the current 
views of diagnosis. and treatment of aphasia, 
apraxia, the language. of confusion, and the 
dysarthrias. One exception is that little atten- 
tion. is given to the emotional components 
which frequently accompany loss of speech 
and/or language skills though this may be a 
very relevant issue in the clinical management 
of some patients. In addition, counseling of 
patients and families is given little direct at- 
tention: Perhaps this is because "Coping with 
its influencés is difficult to teach and harder 
yet to write about instructively" ( Rosenbek, 
p. 191). In spite of these omissions, the book 
provides a compilation of information on a 
wide variety of approaches to clinical treat- 
ment that is unique for a single text. One 
chapter is devoted to surgical and prosthetic 
management of neurogenic speech disorders, 
Each chapter is followed by an extensive bibli. 
ography. 


As a text, this book should have a healthy 
impact on training clinician/scientists to work 
with? patients with neurologic damage. Rele- 
vant research. in the areas defined by chapter 
applied to treatment 
programs, Furthermore, all authors stress the 
need for precise measurement of behavior on 
treatment tasks as a ‘means for organizing 
daily treatment and as a means for evaluating 
the efficacy of treatment. This book will be 
a valuable addition to the library of clinicians 
interested in diagnosis and treatment of the 
neurogenic language or motor speech dis- 
orders. 


Linpa S. JORDAN, PHD 
Iowa City, IA 


Diagnostic Methods in 
Second Edition 


Edited by Frederic L. Darley and D. C. 
Spriéstersbach. 574 pp, 1978. Harper and 
Row, New York. Price $15.95. 


This excellent text. and source book repre- 
sents the work of the two major authors and 
of six contributors, who prepared individual 
chapters. While, for this reason, the writing 
style is not consistent and is even sometimes 
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a bit misleading, Darley and Spriestersbach 
have shown their usual wisdom in attempting 
to seek out experts to discuss topics that have 
gradually become subspecialties in a field that 
was much less complex when the first edition 
of the work appeared in 1963, Wendell John- 
son, now deceased, was the senior author of 
the earlier edition, and this second volume is 
dedicated to him in ^the hope that this re- 
vision projects anew his teaching that to know 
and to do effectively require objective answers 
to pertinent questions." This second edition 
does achieve that goal, as it brings together 
much that is now known about the art and 
science of speech and language pathology. In 
addition, this is a philosophical work and at- 
tempts to impart a fundamental clinical atti- 
tude that is, at the same time, both scientific 
and humane. 


The book is divided into two sections. The 
first, containing 12 chapters, deals with meth- 
ods of appraisal when communication abilities 
are disordered, “Appraisal” is defined here to 
mean all of the techniques, both formal and 
informal, that are used clinically to study an 
individual who has a problem. The chapters 
are developed around types of disorders: child 
language deficits, acquired language disabili- 
ties, and disorders of respiration and phona- 
tion, resonance, articulation, rate and fluency, 
stuttering, and audition. The section is intro- 
duced with an excellent discussion of the case 
history and is concluded with an important 
consideration of the “examination report.” 
Much of the richness of this section lies in the 
fine bibliographical references, the detailed 
coverage of various examination procedures 
and tests, as well as in the normative data that 
are generously provided. This aspect alone 
suggests the use of the book as a standard 
desk reference for both the speech pathologist 
and the otolaryngologist. 


Part two is entitled “Differential Diagnosis” 
and consists of seven chapters, again organ- 
ized around problem areas. This section deals 
with the application of examination data for 
solving diagnostic problems. Excellent descrip- 
tions of the various disorders are included, and 
these are also useful in a desk reference. This 
organization, however, does not always result 
in a cohesive picture of the various disorders 
under consideration. My personal preference 
would have been a slightly different organi- 
zation that would have permitted a closer uni- 
ty between “Appraisal” and “Differential Di- 
agnosis.” In fact, I have already used Diag- 
nostic Methods in Speech Pathology as a text 
in a clinical methods course, and I combined 
the two sections in the course plan. I can say, 
however, that the students in speech pathology 
and audiology freely commented about their 
pleasure in the book and about their personal 


9 
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excitement associated with finding such a 
comprehensive work. I join the students in 
those reactions. This is a book that every prac- 
ticing speech pathologist and otolaryngologist 
should own and read! 


Berry JANE McWitriAMs, PhD 
Pittsburgh, PA 


Ear Diseases, Deafness and Dizziness 


By Victor Goodhill. Hard cover, black and 
white illustrations, color illustrations, in- 
dexed, 781 pp, 1979. Harper & Row, 
Philadelphia. Price $60.00. 


This book was prepared by one of our 
country's outstanding otologists with the as- 
sistance of 14 contributors; Dr. Goodhill's 
scholarship and his immense wealth of clinical 
judgment and experience are manifest through- 
out, 


Almost every page in the book incorporates 
some appropriate illustrative line drawings 
undoubtedly reflecting many hours of consul- 
tation between the authors and the medical 
artist. The reproductions of the radiographs 
are unusually good. There is excellent basic 
anatomy of the inner ear for the student and 
resident who is trying to understand the com- 
plicated anatomy and physiology of the inner 
ear, especially the correlations between light 
and electron microscopic sections. For each of 
the illustrations there are detailed, compre- 
hensive legends which make for excellent in- 
formation dissemination and teaching. Included 
in the book are two pages of color illustrations 
incorporating 16 excellent color photographs of 
lesions of the external and middle ear which 
are reproduced in a very good range of colors. 


Outstanding and unique is the chapter on 
central representation of the eighth nerve by 
Dr. R. Lorenti de No, one of the otologic re- 
search “greats” of our generation. This chap- 
ter will serve as a resource on the function of 
the eighth nerve for the next generation of 
clinicians and basic investigators. The chapter 
on otoradiology by Dr. William N. Hanafee, 
Professor of Radiology at UCLA, which in- 
cludes explanatory line drawings of recent de- 
velopments in plain films, tomography and 
computerized tomography is exceptional. Ex- 
cellent chapters are included in which all as- 
pects of audiology and vertigo are presented. 
There is an outstanding section on otomastoid 
surgery with clear line drawings illustrating 
various basic otosurgical procedures. The stu- 
dent and general practitioner will appreciate 
the helpful drawings illustrating the removal 
of ear wax and foreign bodies by instrumenta- 
tion and irrigation. 


As one would anticipate from the senior 
author's involvement with all phases of oto- 
sclerosis research and surgery, the chapters 
dealing with this subject are comprehensive 
and replete with illustrations and photographs 
which provide diagnostic and surgical infor- 
mation. There is a clear discussion of seventh 
nerve problems, including helpful presentations 
dealing with diagnostic techniques, Bell's 
palsy, and trauma. One finds discussions of 
pediatric otologic problems of the deaf child, 
including parent counseling and education of 


the deaf; this is not unexpected since Dr. 
Goodhill pioneered in pediatric otology in the 
early days of the. Jolin Tracy Clinic. Adult 
sensorineural hearing^loss, including presby- 
cusis, tinnitus and the the use of hearing aids, 
has broad coverage. 


There are relatively few weaknesses in the 
book: it is a disappointment that the publish- 
ers failed to allow greater use of color to il- 
lustrate clinical conditions such as bullous my- 
ringitis and otitis media; and this reviewer 
does not agree with the authors’ classification 
and interpretation of middle ear effusions 
which they choose to lump under the heading 
secretory otitis media. 


This book should take its place in libraries 
and on the shelves of all physicians, particular- 
ly those practicing otorhinolaryngology. It is - 
recommended especially. for those who are. 
either beginning the study of medicine or 
those in general practice who wish to have a 
ready source of the most up-to-date. informa- 
tion in otolaryngology. 

Ben H. Senturta, MD 
St. Louis, MO. 


Voice Problems of Children 


By Kenneth D. Wilson. Second edition. Hard + 
cover, black and white illustrations. in- 
dexed, referenced, 238 pp, 1979. The Wil-’ 
liams and Wilkins Company, Baltimore. ` 


This text, like the first edition, provides an’ 
excellent discussion of voice disorders in chil- 
dren. The material is written primarily for stu- 
dents and practitioners in speech pathologv 
but is of interest also to the otolaryngologist 
and to other related professionals. rg 


The book has several maior strengths. Dr. 
Wilson has vrovided an excellent review of the 
available relevant data (there are more" than 
700 references). His inclusion of case reports 
for illustrative purposes will be most useful for. 
the student. Most importantlv. his. general- ap- 
proach to children's voice problems seems emi- 
nentlv sensible. based on strong logic and a 
knowledge of the available data. extensive clin. 
ical experience. and a clear notion of practical-* 
itv. I particularly like his position about voice 
rest: expecting total vocal abstention from 
children is usually not reasonable: one is prob- 
ablv more effective in asking instead for re- 
duced usage. 


If I have a criticism of the material. it is 
about the section on resonance disorders, Tn 
mv opinion, Dr. Wilson does not make suf- 
ficientlv clear that therapy methods have lim- 
ited usefulness for the successful treatment of 
clinical hypernasality. (The exception is when - 
nasality is a dialectical feature.) Certainly ther- 
anv is useful for compensatory purposes, ‘but 
if the obiective of treatment is normally oral 
speech, physical management will be required. 


In summary. this is a scholarly treatise of a 
complicated subject. The text will be an excel- 
lent addition to the personal library of the 
specialist in voice. 

Hvcur err L. Morris, PhD 
Towa City, IA 
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THE DEPARTMENT OF 
OTOLARYNGOLOGY and 
THE PAGE AND WILLIAM BLACK 
POST-GRADUATE 
SCHOOL OF MEDICINE 
of the MOUNT SINAI SCHOOL 
OF MEDICINE (CUNY) 
Announce a Postgraduate Course 
HEAD AND NECK SURGERY 
Under the Direction of HUGH F. BILLER, 
MD, and Faculty 
February 25-29, 1980, Monday through Friday 
8:00 AM - 5:00 PM — 5 Sessions 
Course will concentrate on neck surgery. 
Lectures and cadaver dissection will be util- 
ized to demonstrate partial lanmgeotomy and 
laryngopharyngectomy, total laryngectomy 
and laryngopharyngectomy, laryngotracheal 
autograft, pharyngotomy, arytenoidectomy, di- 
verticulectomy, post-traumatic laryngeal and 
tracheal repair, thyroidectomy, various pro- 
cedures for vocal cord reconstruction, and 
pedicle flap reconstruction for oral and hypo- 
pharyngeal lesions. 


Maximum: 12 persons. 
FEE: $1200 


This course will be given at the Mount Sinai 
Medical Center, New York City, New York. 


APPLY TO: Director, The Page and William 
Black Post-Graduate School of Medicine, 
Mount Sinai School of Medicine, One Gustave 

Levy Place, New York, NY 10029. Teu: 
(318) 650-6737. 
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COURSE 


SURGICAL ANATOMY AND 
TECHNIQUES OF THE 
TEMPORAL BONE 


DALLAS FOUNDATION 
OF OTOLOGY 


1980 Dates 


Jan. 27-Feb. 2 
May 4-10 
Sept, 7-13 


FEE: $650 - Practicing Physicians 
$450 - Residents 


Non-refundable after ten days prior to 
course dates. Deposits acceptable on 
these amounts of $100 and $50 respec- 
tively. 


Contact: Fred D. Owens, MD, Dallas 
Foundation of Otology, Barnett Tower, 
Suite 1105, Dallas, TX 75246. (214) 
742-2194, 


HEAD AND NECK ONCOLOGIST 
NATIONAL CANCER INSTITUTE 
The Clinical Investigations Branch: 
of the Division of Cancer Treatment. : 

is secking 


QUALIFIED OTOLARYNGOLOGIST with ' ` 


major interest in head and neck oncology for 


"the position of Special Assistant. for alae 


xiv 


Oncology. 


This person would participate in the scientific 
administration of DCT Extramural Programs 
involving contract and grant supported ‘re- 
search in head and neck oncology, and would 
serve as project officer for the National Can- 
cer Institutes Head and Neck Contract Pro- 
gram. > ' 


Qualifications include Board Cirtification eli-. 
gibility in otolaryngology. Position to be filled 
through a cancer expert appointment. . 
Salary negotiable based on qualifications andi . 
experience and is subject to federal regulations. 


Interested persons should contact: Gre- 
gory T. Wolf, MD, Special Assistant for 


Surgical Oncology, Clinical Investiga-....* 


tions Branch, Landow: Building, 8C17,* 
National Cancer Institute, Bethesda, 
MD 20205, (301) 496- -4844. 
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FELLOWSHIP 
PEDIATRIC OTOLARYNGOLOGY 


DEPARTMENT OF..- 
OTOLARYNGOLOGY 
CHILDREN’S HOSPITAL , 
OF PITTSBURGH 


July 1, 1980 - June 30, 1981 


Recipient of this Fellowship will receive ex- 
tensive clinical experience in all phases of ear, 
nose and throat diseases of children, includin 
otology, rhinology, bronchoesophagology, heat 
and neck reconstructive surgery and training 
in the cleft palate related problems: 


Fellowship’ will include involvement in basic 
and clinical research related to the epidemi- 
ology, pathogenesis, diagnosis and manage--- 


ment of middle ear disease in children; de- .' 


pending upon the experience and interest. A E 


the applicant. ' . 
Stipend de openden! on applicant's" aoo of 
years out of medical school. Fellowship: under 
the full-time directorship -of Charles D. Blue- 
stone, MD and Sylvan E. Stool, MD- 


Contact: Dept. of Otolaryagology, Chil. ” 

dren’s Hospital of Pittsburgh; 125 DeSoto 

Ed Pittsburgh, PA 15213.:Teli (412) 647- 
6. us : 


=> RUNE . Shi & Selec 
“oTOLOGY & AUDIOLOGY SEMINAR 


February 16- 23, 1980 
B ! at. - l 
o — Sun Valley — Idaho 


PRACTICAL FEATURES: Workshops, 
Panel Discussions, Lectures, Audio- Visual Presentations 


TOPICS: Tinnitus — Facial Nerve — Hearing Aids 
:, Laser Surgery — Vertigo — Chronic Otitis Media 
Temporal Bone Tumors. — Evoked Response Audiometry 


NOTED FACULTY: 
i Program Director — Jack L. Pulec, M.D. 
‘Jack R. Anderson, M.D. 7 Michel Portmann, M.D. 
Joseph Di Bartolomeo, M.D. PN Wallace Rubin, M.D. 
George Nager, M.D. |." . John J. Shea, M.D. 
Claudine Portmann, M.D. Gálino E. Valvassori, M.D. 
i Jack Vernon, Ph.D. 


Fee: $425.00 


For information and reservations contact 
Jack L. Pulec, M.D. 
-. ^s Ear International 
1216 Wilshire Blvd., Los Angeles, California 
' l (213) 481-2818 








. WINTER MEETING — 1980 








March 2-8, 1980 


MONT TREMBLANT HODGE 
: Quebec, Canada © 


Cosponsors 
DEPARTMENTS OF OTOLARYNGOLOGY - 


UNIVERSITY OF TORONTO 
and 
- UNIVERSITY OF PITTSBURGH 


Mont Tremblant Lodge is an unique French Canadian “village” Téo ort $0 n miles 





north of Montreal (40 miles north of Montreal’s Mirable, Airport). ' 


The distinguished faculty will cover a wide range of topics düring the easy morn- 
ing and late afternoon sessions. Registrant participation is encouraged. : , 


~ Enrollment limited to: 120 : 


Registration fee: $225 (Canadian) 


Resident registration: $185 — with letter of recominendation 
from departmental chief i 


| AMA Category I — 18 hour - 
For further information: William S.-Crysdale, MD, BBS University Avenue, Suite 


6118, Toronto, Canada M5G 1X8, 
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AMERICAN RHINOLOGIC SOCIETY FLORIDA MIDWINTER SEMINAR. 


N. W. Section 
Announces a Postgraduate 


INTRODUCTORY COURSE IN 
SEPTAL SURGERY 


to be presented at 
General Hospital of Everett 
March 2-8, 1980 


This course in the surgical anatomy of 
the nasal pyramid and septum will give 
special attention to the physiological 
concepts of diagnosis and treatment of 
nasal and septal deformities. 

Anatomical dissections, lectures, and 
discussion will emphasize procedures 
and techniques for the restoration of 
nasal function. 

Registration Fee: $500 - Physicians 

$250 - Residents 

To Register contact: G. H. Drumhel- 
ler, MD, 1515 Pacific Avenue, Everett, 
WA 98201, (206) 259-1515. 

Approved by the Council of Medical 
Education of the American Medical As- 
sociation. 


IN OTOLARYNGOLOGY 
Feb. 28 - March 1; 1980 


BAHIA MAR HOTEL 
FT. LAUDERDALE, FLORIDA 


The Florida Midwinter Seminar in Ophthal- 
mology and Otolaryngology cosponsóred by . 
the University of Florida College of Medicine ` 
(Miami), and the University of South Florida 
College of Medicine (Tampa) presents the 
thirty-fourth annual seminar. 


FACULTY 


Dr. James N. Endicott, University of South . : 


Florida, ^ 
vi J. Brown Farrior, University of South 

OTI! 

Dr. Donald G. Sessions, Washington- Uni- 
versity, 

Dr. Frederick J. Stucker, National Naval - 
Medical Center. 


Registration: ‘fee: $190 for practitioners, $90- . 
for residents ipon Application from: their De-. 
partment Head. 


Mail registration. fee payable to “plorida Mid- 
winter Seminar," 405. Northeast d Street, 
Miami, FL 33161. ` : 


pomi is accredited by the Coùneil- on Medi- 
cal Education of the American’ Medical As- 
sociation, Category 1 of the Physician's 'Recog- 
nition Award. st 
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* — RESEARCH CONFERENCE 
HEAD AND NECK ONCOLOGY 


3 Sept. 8-10, 1980 
Multidisciplinary" conference on 
Head and Neck Oncology 
sponsored by 


Division of Cancer Treatment 
National Cancer Institute 


in 
Bethesda, Maryland 


Purpose is to provide a forum for discussion 
of recent experimental and clinical research 
in head and neck cancer and to assess areas of 
research which should have high priority for 
future development. 


Participation limited to persons actively en- 
gaged in -either experimental or clinical re- 
Search: . : 
: Conference -topics will include recent clinical 
, trials, .new diagnostic and therapeutic ap- 
' proaches employing surgery, radiation therapy, 
chemotherapy, immune modulation or other 
investigational modalities, and laboratory in- 
vestigation dealing with immunology, virology, 
cell culture and animal tumor-model develop- 
ment.- ,.'-. 
Conference ‘participants may elect to present 
. ‘recent research or-research in progress or to 
os), participate in discussions, Potential partici- 
s pants should respond. by January 31, 1980 with 

-& summary of the research they wish to pre- 





sent. : 

Interested “investigators contact: Gregory T. 
Wolf, MD, Special Assistant for Surgical On- 
cology, Landow Building, 8C17, National Can- 
oo ent Bethesda, MD 20205, (301) 496- 


MU EE 





ELECTRONYSTAGMOGRAPHY 
Short Courses for 
Physicians, Audiologists and 
Technicians 


Sponsored by 
THE METHODIST HOSPITAL 


an 
INSTITUTES OF 
OTORHINOLARYNGOLOGY AND 
COMMUNICATIVE DISORDERS, 
and NEUROLOGY, THE NEURO- 
SENSORY CENTER OF HOUSTON 
"March 29-31, 1980 


Two parallel three-day intensive courses in 
clinical ENG are offered. Technicians’ course 
stresses practical aspects of test technique, and 
physicians' course stresses clinical applications, 
Audiologists may take specially scheduled pro- 
gram which includes parts of both the tech- 
niques and interpretation course. Courses re- 
ly heavily on tutorial teaching methods to al- 
low ample opportunity for supervised trial. 
and-error learning. 

Report of each technician trainee's perform- 
ance, including examination scores and an 
evaluation of technical competence, will be 
given the trainee and employer. 

Course Instructors: 

Alfred C. Coats, MD, and staff 
Tuition: $325. Limited enrollment 
Address inquiries: Alfred C. Coats, MD, ENG 
Laboratory, The Methodist Hospital 6565 

Bertner Blvd., Houston, TX 77030. 
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THE PÁGE AND WILLIAM BLACK: HUNE cuo 
S04 POST-GRADUATE SCHOOL OF MEDICINE . 
-of the MOUNT SINAI SCHOOL OF MEDICINE (CUNY) 


. Announce a Postgraduate: € Course: Shy ; 
| CONTROVERSIES IN HEAD. AND. vier SURGERY. UU Pe ae 


Under the Dir&ction of - 
FRANK E. LUCENTE, MD: 


Mount Sinai School of Medicine Faculi 


Hugi Biller, MD, Stanley M. Blaugrund, MD, William 
- -Max L. Som, MD, Peter M. Sum MD! 


Guest F acultij : 
John J. Conley, MD, Richard H. Jesse, MD, tiblas Je Kriz 
Brian F. McCabe, MD, Elliot W: Stróng, MN 
May 22-23, 1980 ^ .. ^ 
Thursday and Friday, 8:30 AM - 5:15 PM (2° Sessi 
This course will focus on areas of controversy in ‘the. management. 
the head and neck. The faculty includes specialists in otolaryngglogy, iufgery and plas-* 


tic surgery, all of whom have extensive experience in head and-‘neck.surgery.. Format will in~ 
clude lectures, panel discussions, problem case presentations arid que on-and-dnswer periods. 


FEE: $225. including lunch. Residents: $125.. including: lunch, 
This course will be given at the Mount Sinai Medical Center, New ; ‘York City, NY. 


APPLY TO: Director, The Page and William Black Post-Graduate School of Medicine, .. r 
ey an School of Medicine, One Gustave L, Levy Place, New York, NY 10029. Tel: (212) 
850- 
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San Francisco 
May 29-31, 1980 


OTO 80 is thoughtfully desigried to present the most recent advances in otologic surgery, 
neurotology, and laser microsurgical techniques. The unique and highly acclaimed format 
integrates basic science with practica! surgical and medical therapy utilizing a comprehensive 
syllabus, an electronic audience response system, and brief illustrated surgical and laser. 
technique tricks. n 
FACULTY: Rodney Perkins, MD : 
Program Chairman Frederick T. Guilford, MD Fred Linthicum, MD 

Kedar Adour, MD Jack Hough, MD Edward Luck 

Burt Brent, MD William House, MD Jack Pulec, MD 

Ugo Fisch, MD Claus Jansen, MD Gordon Smyth, MD +) >. 

Malcolm Graham, MD Merle Lawrence, MD Roger Wehrs, MD ne 


FEE: Physician $485 Ol m 


Resident in Training $285 FOR REGISTRATION 
INFORMATION AND c/o Project HEAR . 
CME: 24 Hours Category 1 BROCHURE CONTACT: 1801 Page Mill Read - 
Palo Alto, CA . 94304: 
(415) 494-2000 `` 
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` EXOSTOSES OF THE EXTERNAL AUDITORY:CANAL : -| 


: . 4A. > 
'":  JosEPH-R. DiBarTOLOMEO, MD, FACS 
2 SANTA BARBARA, CALIFORNIA 


Exostosis of the external ear canal is a disease unique to man. It has been identified in pre-' 
historic man, affecting the aborigines of the North American continent. Aural exostoses are 
typically firm, sessile, multinodular bony masses which arise from the tympanic ring of the 
bony portion of the extérnal auditory canal. These growths develop subsequent to prolonged 
irritation of the canal The large, primitive jaw of prehistoric. man placed great mechanical 
stress on the tympanic ring. Chronic aural suppuration seen in the'preantibiotic era was soon 
followed by exostoses. Today, prolonged contact of the external ear canal with cold sea water 
is the most’ prevalent cause (aquatic theory). As a result the disease is now essentially limited 
to coastal regions; In this way we have seen exostoses appear in different stages of the evolu- 
tion of man as a result of mechanical, chemical arid now thermal irritation, The author is an 
otolaryngologist in a coastal region. In examining 11,000 patients during a ten-year period, 70 
cases of symptomatic exostoses of the external auditory canal were identified. The incidence 
of exostoseswas found to be:6.36 per 1,000 patients examined for otolaryngologic disease. It is a 
predominantly male disease. The development of these “irritation nodules” is painless until 
the tenth year of aquiitic exposure to irritation, when symptoms. of obstruction occur. The hear- 


ing loss associated with exostoses is usually a conductive type, secondary to occlusion of the 


canal by impacted cerumen or acute external otitis. The resu 


ts of studying the thermal charac- 


teristics of the body of water used for such aquatic activities is presented. 


INTRODUCTION 


Exostoses of the external auditory 
canal, thought by many otologists to be 
a new disease, has been found in pre- 
historic man. It has not been identified 
in anthropoid apes, other primates or 
mammals, Furthermore, the prevalence 
of exostoses, historically, has been inter- 
mittent, at times skipping several cen- 
turies before reappearing. When again 
seen in man, the exostoses developed for 


` apparently different reasons, related to 


the habits or culture of the period. 


The intermittent nature of this disease 
is apparent when one reviews the litera- 
ture. Documentation of its existence in 


» prehistoric man is limited to anthropo- 
` logical publications, Numerous. clinical 
. reports of its reappearance in man are 
‘found in the otologic literature of the 
.1800s. There was then again a void in 
the literature of any mention of exos- 

. toses. for approximately another cen- 


tury. The chasm that exists between var- 
ious periods in which exostoses occurred 


‘cannot help but make one wonder what 


cultural ‘changes were responsible for 
the reappearance of this disease, or 
awakening of an interest in it. The 
literature of the past century traces the 
otologist’s role in treating aural exostoses 





from the early 1800s to 20th century 
medical and microsurgical therapy. Our 
current medical knowledge is still un- 
able to explain the specific cause of this 
disease which is again becoming a clin- 
ical challege to otologic practices along 
coastal regions. 


Exostoses are believed to occur in part 
from a hereditary predisposition in man! 
stimulated to develop by some form of 
chronic local irritation.’ Irrespective of 
the specific cause, the physical appear- 
ance is the same. Aural exostoses are 
firm, multilobulated, sessile bony masses 
arising from the tympanic ring in the re- 
gion of the tympanosquamous suture 
lines.? Invariably, both external ear ca- 
nals are involved. Recently, the aquatic 
theory has implicated thermal irritation 
from cold water as the current, exciting 
cause of this malady.*® 


The purpose of this paper is to review 
the literature on exostoses in prehistoric 
and modern man and to analyze the 
various theories of predisposition or eti- 
ology proposed. Current data collected 
from studying 50 cases of symptomatic 
exostoses examined during the past eight 
years is presented to determine if such 
patients did indeed have an inordinate 
degree of exposure to cold water (aqua- 


Presented as a Candidate's Thesis to the American Laryngological Rhinological and Oto- 


logical Society, Ine., 1979 





Fa 


een 
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tic theory). An analysis of the- thermal 


.. properties of the body of ocean. water 
`.. frequented for such aquatic activities is 
* presented. 


: . The question of the existence in man. 
of a predisposition to develop aural 
“. exostoses has been asked for cen- 
‘+ turies. One can appreciate the variable 


etiologic factors of this disease when the 
literature on exostoses is reviewéd. To 


explain the pathologic process one must . 


turn to the phylogenesis of the external 
ear. To uriderstand why exostoses should 
develop -from the tympanic ring at all 


we must analyze the embryologic de-. 


velopment.of this structure. The current 
state of the art in treatment of exos- 
toses is best appreciated by following 
the development of otologic therapy 
through the past two centuries. 


REVIEW OF THE LITERATURE 


The apparent cause of exostosés has 
varied 
were evaluating prehistoric or modern 
man, the concurrent presence of infec- 
tion, or particular cultural habits of the 
age such as fondness for aquatic sports. 
A review of all these theories is neces- 
sary to analyze them for a basic, com- 
mon mechanism. 


Historical. Exostoses have been docu- 
mented in prehistoric skulls as early as 
5,000 B.C.* Unfortunately, early anthro- 
pological reports did not recognize a dis- 
tinction between exostoses, hyperostoses, 
the solitary osteoma and other osseous 
tumors.’ Turner® suspected that the con- 
figuration of the external canal of the 
aboriginal inhabitants of the North 
American continent might be related to 
the high incidence of exostoses. In the 
late 1800s the reappearance of this mal- 
ady is reflected in simultaneous reports 
of this “new disease” in the otologic lit- 
erature.^? Field? referred to them as 
"ivory exostoses.” Even into the 20th 
century, exostoses, hyperostoses and 
endostoses were still classified under the 
heading “osteomata.” Hrdlicka! credits 
Dahlstrom (1923) as having stated that, 
“These growths have come to be under- 
stood as exostoses.” Sheehy’? (1958) em- 
phasized the distinction between exos- 
toses and osteomata. The osteomata are 
unilateral and occur with no preexisting, 
inciting factor. The exostoses are bi- 


epending upon whether we . 


*. 





Adel ic] 


lateral arid usually follow chronic irri- 
tation: Yet:less than a decade ago the 
literature still described the entities: of 
exostoses and osteómata as one and the 





same-diseàse.!* Clinical discussions con- . 


cerning the recent increase in exostoses 
anticipate. that this "new disease" now 
identified as "surfers ear” will soon 
permeate the literature.5 . — 


Anthropological. Observations: The 


earliest existence of exostoses in prehis- ^ ~ 


torió man .was reported in skulls exam- 
ined by Miyake and Inamichi* (1934). 
The dating of these skulls places them 
in the Neolithic period, in a .belt be- 
tween what is now Turkey and Afgan- 
histan. During. this Neolithic period 
(New Stone Age) between'7,000 and 
3,000 BC man began,to grind'and polish 
his stone tools for the first, time. Of 
greater significance is the'fact that he 
bégan to grow his own crops and to do- 
mesticate animals to use as food. Such 
a change in dietary habits may have 
been responsible for the first appearance 
of aural exostoses in man. Seven other 
prehistoric skulls demonstrating exos- 
toses were found by Hrdlicka! (1935) 
in Egyptian remains, close to 4,000 years 
ago during the beginning of the Twelfth 
Dynasty. These specimens came from 
the deep, rock tómbs of Lisht and be- 
longed to the higher classes of people. 


Major interest in the presence of exos- 


nn 


toses in the North American aborigines - 
was stimulated by the findings of Selig- ` 


man!* of Vienna, (1864). He identified 
aural exostoses in five out of six crania 
of the highland Inca people. Blake?’ 
(1880) was the first to report exostoses 


in the California Indians. He examined- 


Indian crania of the Peabody Museum ` 


of Archeology and Ethnology in Cam- 
bridge, including 108 crania of Califor-: 

nia Indians. Of the California crania - 
studied 50 were taken from graves off ` 


the islands of Santa Barbara. The fol- 
lowing year, Studley? examined 22 
adult Indian crania from Mexico .and 


identified aural exostoses in 7.of the 15 - 


male skulls: The largest series: of North 
American crania examined for dural exos- 
toses of that time was reported by Rus- 
sell? (1900) in studying 1,369 aborigin- 
al skulls. In 1930 two important disser- 
tations on ear exostoses among the North 
American aborigines appeared indepen- 
dently by Oetteking?? in New York, and 
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Alexander?! in Vienna. Oetteking stud- 
ied the skulls of the northwest coast of 


— North America while Alexander, on a 


visit to the’ Uitited States, mainly re- 
viewed those- of: the. Channel Islands 


m along the coast of California. 


‘The most extensive tesume of the lit- 


';v erature pertaining to exostoses in pre- 
“historic crania was reported by Hrd- 
licka? (1935) when he identified exos- 

. toses in 843 of 7,814 skills examined. In 


the ‘Gtologic literature, Roche? (1964) 
ddata observed on 476 skulls of 
"Murray-Black Collection of 





- Australian „aboriginal skeletal remains. 


Aural exostoses: Were present in 126 of 
the’286' mile skulls.and in 7 of the 190 
female skulls, Thésé were excavated 
from different areas on:the Murray River 
Valley. ‘in’ thé northwestern’ part of Vic- 
toria, Australia: Thé incidence of exos- 
toses in tliese ‘Australian aborigines’ 
skulls is the second highest recorded for 
any group. It is exceeded only by the 
higher incidence found in the . North 
American Indian skulls excavated in 
Kentucky and reported by Hrdlicka.t A 
joint effort between an otologist and an 
anthropologist was accomplished by 
Gregg and Bass? (1970) when they 
studied 1,613 temporal bones from In- 
dian burial grounds in North and South 
Dakota and distinguished between four 
different types of exostoses, Type 1 was 
usually a single, unilateral specimen 
having a spongy bone formation which 
almost completely replaced the pars 
tympanica. Type 2 appeared as slender 
spicules on bone protruding into the 
outer ear canals in their anterior-super- 
ior aspect, from essentially the area 
where the primordial head of the tym- 
panic ring had been located. The third 
and most common type presented as 











.. ridges of eburnated sessile bone pro- 


truding into the ear canal. They were all 


"located on the posterior canal wall. 


‘Type 4 consisted of rounded, peduncu- 
lated variable sized masses of hard bone 
protruding into the external canal from 


_ both the anterior and posterior walls. 
. _. Skeletal remains obtained from proto- 


historic burial grounds in Santa Barbara, 
California were part of the collection of 
the Department of Anthropology, Uni- 
versity of California, Santa Barbara. 
Studying these specimens, the author 
identified exostoses in one skull (speci- 


men 182 106). It appears that this 
sample is from the protohistoric Cana- 
lino Period, representative of the early 
California Indians a millenium ago. 


Otologic Observations. 'The first clini- 
cal report of exostoses is credited to 
Autenrieth?* (1809) when he identified 
the disease in a white female. As the first 
report, it deserves to be quoted in full. 

In a women of 40 who died of apoplexy 
and whose skull showed asymmetry "the 
right external meatus was nearly closed, ex- 
cept for a vertical fissure hardly as broad as 

a line, by a bubble-like, bony growth pro- 

ceeding from the posterior and upper side." 

The interior of the exostoses was cancellous; 

and no connection was found between its 

cellular spaces and those of the mastoid. 

Toynbee?* (1860) gave the first sta- 
tistical data on the frequency of these 
growths in a given population and elab- 
orated on the subject of exostoses. In 
describing nine cases of ear canal tu- 
mors from his practice, he gave the first 
detailed, physical description of exos- 


-toses. But it was Virchow** (1864) who 


was the first to emphasize the fact that 
these growths arise from the tympanic 
ring of the external meatus. The impor- 
tance of infection in the etiology of ex- 
ostoses was reported by St. John Roosa?’ 
in reporting four cases of “true exostoses” 
subsequent to chronic infection. Such 


_ reports as these are credited with re- 


viving interest in this disease during the 
nineteenth century. Yet the subject of 
exostoses was not seen again in the litera- 
ture until 1938 when Van Gilse? spoke 
at the Collegium Otolaryngologicum in 
Venice. He observed that exostoses 
were not seen in warm water swimmers 
as often as in cold water bathers. 


. INCIDENCE 


Data was presented on 476 prehistor- 
ic adult skulls ín the G.M. Murray-Black 
Collection of Australian skeletal re- 
mains by Roche” (1964). Aural exos- 
toses were present in 27.9% of the skulls, 
with an incidence of 44% in the male 
skulls and 3.7% in the female skulls. 
When exostoses were present, they were 
bilateral in 81.1% of all male skulls and 
in 42.82 of female skulls. After examin- 
ing North American aborigines’ skulls 
of the Peabody Museum of Archeology 
and Ethnology in Cambridge, Blake!" 
(1880) reported on the specimens of 
the stone graves of the moundbuilders 
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in the Cumberland Valley, Ténnessee, 
and 108 California crania. He found that 
exostoses occured in 18% of the mound- 
builders crania as compared to 4.62 of 
the California crania. Alexander” iden- 
tified exostoses in 5.5% of a series of 
skulls from California Indians. 


Hrdlicka! studied 435 California 
crania and discovered exostoses in 10.6% 
of the skulls he examined. Exostoses 
were bilateral in 50% of those affected 
skulls. In the remainder of the cases, 
they were unilateral, on the right side in 


23.92 and on the left side in 26.1% of 


the affected skulls. He included in his ` 


series the number of exostoses present in 
each ear. In the exostotic skulls studied 
73.7% contained only one exostosis, 17.5% 
contained two exostoses, 7.5% had three 
exostoses and 1.2% had more than three. 


Toynbee?* (1860) gave the first clin- 
ical data on the statistical frequency of 
these growths in a given population. In 


1,013 diseased ears of the English he. 


found exostoses in 14, or 1.03% of the 
temporal bones. Jackson?! (1909) re- 
viewed 3,000 cases of ear disease regis- 
tered in the report of the Devon and 
Cornwall Ear and Throat Hospital; he 
found only ll cases of exostoses and 
apparently only two of these required 
surgery. Ayres*? (1881) stated that exos- 
toses of the externa] meatus was rare in 
the United States. Helfrich?" inspected 
the reports of the New York Ophthal- 
mologic Hospital for a period of 25 
years, 1868-1893, confirming a curious 
fact: only two cases of exostoses of the 
external auditory canal were recorded. 
Yet in England, Field?* operated on 
over 100 cases during a similar period. 


In Hrdlicka’st series no exostoses 
could be found in prepubertal skulls. 
Yet in the 1880s several cases of exos- 
toses in childhood were reported. 
Field?! reported aural exostoses in a 
three-year-old girl Exostoses are not 
characteristic of Eskimos’ and have not 
been observed in Negro, Asiatic or 
Chinese skulls,? of any age. 


ETIOLOGY 


There has been no common, single, 
basic cause for exostoses in the litera- 
ture. Hrdlicka? cautiously states, “One 
must distinguish between systemic or 
predisposing and exciting causes of the 


condition, When a predisposition exists, 
exciting catises may be anything me- 
chanical-or. chemical that -produces pro- 
longed irritation or consequent hyper- `` 
emia,or inflammation of any part of the 


bony meatus.” Several different theories - l 


have: been associated with. exostoses.-áf 
one time or anothef and are presented: 


here for review. The various circum- `- 


stances. surrounding ‘the férmation of^. 
exostoses are seen as intrinsic:or extrin- 


sic factors. 





INTRINSIC FACTORS 


.Racial tendency. A. predisposition to - 
aural exostoses is probably universal in 
man, but in some:taces the formation of 
the abnormality ‘is much more frequent 
than in others’ owing:perhaps to’ direct 
hereditary effects. ‘Other diseases may 
be. influenced .in*a-simila#madnner since 
both exostoses ang"  otøsclerosis are 
conditions confined to man. Otosclerosis 
is seen eight times more frequently in 
the Caucasian than in the Negro race; 
similarly, exostoses have not been seen 
in the Negro race. 3 














The aboriginal inhabitants of the 
American continent appear to possess 
modifications in the external auditory 
passage of an evolutionary nature which 
enhance this tendency.? The possibility 


: of a predisposition is supported by the 


fact that the inland Peruvian aborigines, 
who never bathed, exhibit a high inci- 
dence of exostoses, while the Egyptians, 
known for their bathing, have rarely 
demonstrated the disease.! A racial in- 
fluence has been cited by Burton? 
(1927) as an innate tendency towards 
these developments and he called this 
atavism. 


The highest frequency of exostoses is; . 
found among the old aborigines of the ' 
North American continent and in Poly- 
nesia. In particular, it is seen in some 
parts of Mexico and some parts of South 
America (Peru, Boliva). Van Gilse? 
(1938) supported this. by reporting .a 
high incidence among the ancient Perä- 
vians, North and South American In- . 
dians and ancient Incas. In studying the 
tympanic plate and external auditory 
meatus of the Eskimo and comparing 
them. to the California Indians, Stewart?? 
(1933) made several observations. In 
the Eskimos, the entire tympanic ring is 
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thickened eccentrically, but the lumen of 
the osseous canal is ofa normal width. 
.. The California Indian tends to have a 
: "Jong and narrow course; while the Eski- 
' mo has one that is more rounded. He 

stated that the. Florida.-Indian skulls 
. showed a form of the tympanic plate 
id external auditory meatus quite sim- 
larto that of the the‘California Indians. 
Yet the Eskimo has not. been afflicted 
with exostoses. UU uu 
igénital-Hereditary, The exostoses 
by;Seligmann!* (1864). occurred 
requency in the examination 
- ^ of Gf the North American: abori- 
“ginal “Indians that-he believed they be- 
"longed-with few- exceptions to the class 
of ‘ congénital:. growths. as distinguished 
from acquired exostoses. Dalby** (1889) 
reporte toses in, the aural canal of 
a, father ‘and two ‘sons and regarded 
them as- congenital in some cases. Yet 
the consideration of congenital exostoses 
was excluded by Hrdlicka on examining 
numerous ‘skulls of fetuses, newborns 
and infants, being unable to show the 
slightest: trace of what could be re- 

arded.as hyperostoses or exostoses of 
the tympanic ring. 














Clinically, "numerous cases supported 
the hereditary theory of exostoses. 
Blake?” saw-two families in whom bony 
growths of the ear canal affected a fa- 
ther and son successively. Hartmann?* 
(1893) reported a mother and sister 
having the same condition, and quotes 
Boyer (1869) as reporting a female 
whose father, brother and three sisters, 
two nephews and all their children 
were affected with aural exostoses. 


Constitutional. - Various constitutional 
diseases were associated with the devel- 
opment of exostoses in the 19th century. 
Toynbee: (1849) believed the abuse of 

. alcohol was a significant factor. Tod 
credits Pritchard as the first to observe 
the relationship between bathing by 
members of the affluent society and the 
development of exostoses. Field?! addi- 
tionally proposed that these growths ex- 
clusively occurred in subjects with gout 
and rheumatism. Toynbee” also suspect- 

‘ed gout and rheumatism. This view was 
supported by Vail** since England was a 
classic land for gout and had a high in- 
‘cidence of exostoses as compared to 
Germany where both gout and exostoses 


were rare, Special pains were taken by 
Blake? (1880) in examining skulls of 
the moundbuilders for evidence of syph- 
S e not a single case could be identi- 
ied. 


EXTRINSIC FACTORS 


Irritation in one form or another seems 
common to the many theories proposed 
for exostoses in both prehistoric and 
modern man. The various forms of irri- 
tation, namely physical, chemical and 
thermal should be considered. 


Physical Irritation. Physical irritation 
is seen in the form of mechanical stress 
on the tympanic plate directly, or indi- 
rectly through the temporomandibular 
apparatus. Anthropologically, great dif- 
ferences exist between man and other 
animals because of two factors: the evo- 
lutionary enlargement of the brain in 
man, together with the changing rela- 
tionship of the brain case and facial 
skeleton; and the change from qua- 
driped to the upright gait.’ 


Jackson’: reports that 25% of the skulls 
found in. prehistoric mounds of North 
America contained exostoses. This has 
been attributed to the flattening process 
the skulls have undergone during the in- 
fancy of their owners. This “flathead” 
compression was produced by the appli- 
cation of pressure to the forehead by 
means of slings or bags used to carry 
one’s needs, or other appliance for 
counter pressure to the lower part of the 
occiput. It prevailed in the Columbian 
basin, in the southwestern United States, 
in Mexico and Yucatan, in northern 
South America and in Peru. It was 
also present in Hawaii. In such flattened 
skulls, the meatus is narrowed from be- 
fore, backwards. Similarly, the flattened 
heads of the ancient Peruvians showed a 
larger percentage affected with exos- 
toses. 


Pertinent to our study is the fact that 


. prehistoric man not only used his teeth 


for mastication of uncooked foods, crack- 
ing hard shells and nuts, and assisting in 
the preparation of other necessities of 
life, but also as a weapon of defense. 
This explains the characteristics of the 
molars and the size of the mandible 
which are large by today's standards. 
Burton? (1923) believed the exostoses 


-were a defensive thickening of the bony 
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auditory canal due to the hard work the 
jaw had to perform during such stress. 
Additionally, he postulated that the ex- 
tensive use of teeth by primative man 
placed mechanical stress on the tym- 
panic ring, a recently acquired structure 
in the evolutionary progress of man. 
However, exostoses are rare in the Eski- 
mo despite dietary habits which require 
strong masticatory forces.?? 


Chemical Irritation. A history of aural 
infection and drainage is prevalent 
throughoüt most of the reports of the 
mid-1800s. One, of Toynbee's'* patients 
developed exostoses after twenty years 
with a foul, aural discharge. St. John 
Roosa?” (1886) identified local irrita- 
tion as the cause in four published cases 
of “true exostoses,” “Morbid growths 
consequent on local irritation and three 
being pus from the middle ear.” - 


The first claim of a rational explana- 


tion for the origin of exostoses was that: 


of Cassells?* of Glasgow (1877): , 


At the outset, a subperiosteal .abscess 
torms over the mastoid and makes its way 
out and into the meatus by means of a line 
of junction between the cartilaginous and 
osseous portions of the canal ... High vas- 
cular granular-like growths sprout from the 
opening of the abscess . . . gradually chang- 
ing into bony tissue. 


Field? reported on exostoses in a 
three-year-old following a severe attack 
of measles with subsequent offensive dis. 
charge from the ear for several months. 
He also recorded several fatal cases due 
to pus behind occlusive canal exostoses. 


Thermal Irritation. Field? (1878) was 
the first to recognize that a new factor 
was becoming significant in the devel- 
opment of exostoses. Kelson" (1900) 
supported this theory by reporting exos- 
toses in a 30-year-old male whose only 
positive history was “being fond of 
aquatic exercises" This same year, 
Moore’ recorded exostoses as common 
in Hawaii but gave no data or observa- 
tions. Eventually, the aquatic habits of 
the Hawaiian Islanders and bathers of 
the south coast of Ireland were also im- 
plicated in this “new disease.””? 


Jackson?? reported that “the presence 
of such tumors is associated with resi- 
dence at or near the seacoast.” Other 
otologists?*3* considered the pouring 
of water into the ear as the causative 


factor, especially by “some individuals 
who were not satisfied with the ordinary 
bath but liked to hold their head under : 
the water." : 
yet unclear cause of exostoses was stim- . - 
ulated by Van Gilse? (1937) when’ he 
implicated, the temperature of the water . 
as the significant factor. He observe 
that Italian swińfmers using the ‘warn 
water.of the:Adriatic Sea "were mot 
prone to. exostéses as were the 
who swam in the cold waters: 
North and Baltic Seas. He- also: p 
sented-records of the frequency, of .exo: 
toses in skulls of the Iles d'Oceànie: Of- 
70 such skulls available at the-Institute.' : 
of Anatomy in Leyden, 11-had_ aural’: . 
exostoses. In this way, he concluded that 
the different quality of fresh and -salt 
water was not great, but that tempera- 
ture was the: significant factor. "The, fol- 
lowing year, he reported on an iridivid- 
ual developing exostoses after swim- 
ming daily for eight months, while cold 


-otic drops used daily in the ear pro- 


duced a. similar effect in another pa- 
tient. Blake?” (1590) would not accept 
the aquatic theory alone as the etiology 
for exostoses since a large percentage of 
prehistoric skulls in which he found 
exostoses were Írom moundbuilders 
who lived inland. 


INVESTIGATIVE STUDIES 


Laboratory Studies. Fowler and Os- 
mun? studied the effects of cold water 
at 19 C (67.5 F) on the external audi- 
tory canal of guinea pigs. The right ear 
was irrigated through a small catheter. 
The hose was submerged in a bucket of 
ice and salt, flowing at a rate of ap- 
proximately 30 cc per minute. His study 
determined that cold water in the ex- 
ternal meatus produced growths of new 
bone, surprisingly, in the middle ear of 
guinea pigs but not in the external. 
meatus. It could not be determined 
whether the changes were due to vaso- 
constriction from the cold, low-grade in- 
fection set up by the hypotonic solution, 
maceration of the skin, secondary ex- 
ternal otitis or some other factor. There 
was diffuse production of new bone in 
the submucosa of the bulla of the mid- 
dle ear on the experimental side. There 
were no changes in the labyrinthine cap-, 
sule except for slight growth of new 
bone on the most exposed portion of the 


Rénewed interest in the‘: 
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promontory. These changes involved 
only the periosteal bone. 


Clinical Studies: Van Gilse? (1938) 


.. conducted, a small experiment in an at- 


tempt tó discover if the presence of cold 
and warm water in the deep meatus pro- 
duced'any visible changes in the meatal 
wall. Twelve niales,‘ages 18-30, had 


* their.ears irrigated with four ounces of 


tap water at 15 C for:15 seconds, and 
the ‘duration of the resulting tympanic 


‘and ‘meatal reflex hypetemia was re- 
, €orded. A few days latei;the irrigation 
. was repeated with warm water at 40 C 


~ ánd.the second hyperemia time was, ob- 


tained. The average duration of hyper- 
emia with water at 15 C was.45 minutes, 
and with water at 40 C it was one min- 


‘ute, This indicated that the meatal ery- 


thema following the cold water irriga- 
tion was definitely- prolonged. 


Adams* (1951) reported a clinical 
survey of 19 members of a school swim- 
ming team and 11 boys who were non- 
swimmers. He inquired as to the num- 
ber of years swimming, the type of 
swimming, the effect on: hearing and 
any family history of hearing loss. He 


‘believed the changes were the result of 


"traumatic rupture of the walls of the 
canal, whereby a circumscribed perio- 
stitis is created which finally results in 
the formation of a bony mass of tumor." 
He concluded that the lowering of the 
external canal temperature to 19.5 C 
(35 F) below normal body temperature 
to.17.5 C (63.6 F) is the most important 
etiologic factor, though water above or 


' at normal body temperature has some 


effect, He also concluded that water 
entering the external auditory canal was 


y responsible for the development of exos- 


toses and hyperostoses of the bony 


meatus. 


. Harrison? (1951) tabulated results 
from 8,200 questionnaires completed 


^, by Royal Air Force recruits. He found 


that all exostoses present' developed 
from the deep portion of the floor of the 
bony meatus. Of those responding, 60% 
were swimmers. The incidence of exos- 
toses was 5.6% in the seawater swimmers 
and 5$ in the fresh water swimmers, as 
compared to 0.9% of the nonsw miming 


' group. He suspected that the prolonge 


vasodilatation which followed the pres- 
ence of cold water in the deep meatus 


was responsible for the microscopic 
changes described by Fowler, and not 
the relatively short period of vasocon- 
striction which occurs while the water 
is actually in the ear canal. 


PATHOLOGY 


The morphologic changes in exostoses 
has been consistent and distinct from 
the rarer osteoma.?? Exostoses are broad- 
based elevations of bone in the external 
auditory canal deep to the isthmus. 
Osteoma refers to the solitary, peduncu- 
lated, bony growths usually appearing 
lateral to the isthmus. Exostoses arise 
from the tympanic ring in the region of 
the tympanomastoid and tympanosqua- 
mous sutures and are almost always bi- 
lateral and symmetrical in the form of 
multiple, bony masses. Both exostoses 
and osteomas are painless, but may en- 
large sufficiently to obstruct the external 
ear canal and hinder normal self-cleans- 
ing of cerumen or desquamation of 
keratin from the canal. Such obstruction 
usually results in a conductive hearing 
loss, external otitis, or both. Exostoses 
are regarded as a localized hyperplasia 
or outgrowth of compact bone from the 
tympanic ring, while osteoma represents 
the development of a tumor. 

Pathologic Findings in Prehistoric 
Specimens, The earliest record of the lo- 
cation of exostoses within the meatus of 
prehistoric crania is that described b 
Blake?” (1880). On examining the skulls 
in his series, it was determined that the 
exostoses were usually T-shaped, of 
solid texture and symmetrically situated 
at the anterior and posterior walls of 
the external auditory canal, thus 
corresponding to the endings of the 


originally incomplete annulus tym- 
panicum. In the American abor- 
iginal Indians in his series, ap- 


proximately two thirds of the ear exos- 
toses arose from the posterior end of 
what was originally the tympanic ring 
and later developed into the tympanic 
bone.. The remainder of the growths 
arose from the anterior end of the ring 
and associated bone. On examining 476 
Australian aborigines’ skulls, Roche? 
(1964) observed that 72% of the exos- 
toses were placed posteriorly and the 
remainder were anterior (16%) or an- 
terior-superior. 

Several authors"?! report the exis- 
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tence of exostoses among the early Cali- 
fornia Indians. The Department of An- 
thropology atthe University of California 
at Santa Barbara has a collection of the 
skeletal remains from the mainland site 
of Saqpillo* (4-SBa-60) representing 
. the occupants along the Santa Barbara 
Channel area approximately 1,000 years 
ago. In studying these remains, the au- 
thor discovered exostoses in a proto- 
historic Canalino specimen representa- 
tive of the early California Indians 
(Fig. 1). 


Clinical Findings in Modern Man. 
Toynbee?" (1860) was the first to give 
a physical description of exostoses seen 
in clinical practice. Virchow (1893) 
stated that they "owe their inception to 
a pathological irritation restricted to the 
pars tympanica.” But Greenet? (1893) 
elaborated further by describing two 
types of exostoses distinguished by po- 
sition, form and size. One type occurs 
near the tympanic membrane and is 
often pedunculated and by inference, 
small; the second type is larger, placed 
further outwards and is not peduncu- 
lated. Glue casts of the ear canal were 
used by Bachauer*t (1909) to de- 
termine the physical changes of the 
canals. 


Pathologic Changes in Modern Man. 
Of the 50 cases reported in this current 
study the author examined one patient 
who had bilateral external auditory ca- 
nal exostoses, and unrelated carcinoma 
of the lung. At the time of his death the 
diseased temporal bones were submitted 
for histologic examination. The postmor- 
tem gross specimens illustrate bilateral. 
multiple exostoses of the anterior and 
posterior walls of the external auditory 
canal (Fig..2). Sectioning of the right 
temporal bone demonstrated the extent 
of the exostoses and the histologic 
changes (Fig. 3). 


CURRENT STUDY 


Subjects and Materials, Examination 
of approximately 11,000 patients seen in 
clinical practice from 1971 to 1978 by 
the author disclosed 70 patients with 
exostoses of the tympanic ring. A ques- 
tionnaire was presented to each of these 
patients to determine if there was a sig- 
nificant history of aquatic habits, the 
specific type of activity involved, the 


TABLE 1, DISTRIBUTION OF AGE AT - 


WHICH EXOSTOSES WERE FIRST. Be 
NOTED AND OF PARTICIPANTS AT . 


TIME OF STUDY 
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length of time engaged in such activity 
and the body of water frequented. The 
study further recorded the nature of the 


presenting symptoms including the pres- 


ence of hearing loss and associated find- 
ings. An analysis of the physical pro- 
perties (temperature and salinity) of 
the body of water were obtained. It was 
determined in this study that the inci- 
dence of exostoses observed in this 
southern California coastal practice is 


6.36 per 1,000 patients seen for otolaryn- - 


gologic problems. Fifty of the 70 ques: 
tionnaires distributed were returned and 
formed the basis of this analysis. The 
questionnaire used is included in the 
Appendix of this report. : 


Data collected in this study revealed 
that most of the patients were between 
25 and 35 years of age with 
extending from 13 to 71 years. All the 


patients were Caucasian, 94% were malé. — 


The average age of the study group was 
37.6 years; the average age at which the 
growths were noted was 39.9 
(Table 1). 


A long and impressive history of... 
aquatic habits, usually beginning before . - 


their teenage years, was described by 
all patients. Each patient used the body 
of water along the west coast known as 
the “California bight.” Eighty percent 
of the patients used it exclusively, and 
the remaining 20% had at one time or 
another visited other regions as well. 
The common water sports included 


surfing (43%), swimming (41%) and . 


diving (162). Eighty percent of the pa- 
tients enjoyed their aquatic habits more 
than six months a year. They spent an 


a range . 


years ` 











Fig. 1. Right temporal bone with ex- Fig. 2. Temporal bones of a 68-year-old Cauca- 
ostoses, obtained from diggings on the sian male demonstrating bilateral multiple exostoses. 
mainland of Santa Barbara, Ca: It is ; 
dated from the protohistoric Canalino 
period (circa 950 AD). -- ^" 
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Fig. 3. Histologic section of the right temporal bone in Figure 2 demonstrating sessile 
exostoses of the anterior and posterior wall of the tympanic ring. A) Nodular thickening of bone 
is beginning to compromise the lumen of the external auditory canal (EAC). B) Laminated 
bone formation with.remodeling of the deeper layers and new lamellar bone. (x10) 
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skeletal remains from the mainland site 
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Of the 50 cases reported in this current 
study the author examined one patient 
who had bilateral external auditory ca- 
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of the lung. At the time of his death the 
diseased temporal bones were submitted 
for histologic examination. The postmor- 
tem gross specimens illustrate bilateral. 
multiple exostoses of the anterior and 
posterior walls of the external auditory 
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length of time engaged in such activity 
and the body of water frequented. The 
study further recorded the nature of the 
presenting symptoms including the pres- 
ence of hearing loss and associated find- 
ings. An analysis of the physical pro- 
perties (temperature and salinity) of 
the body of water were obtained. It was 
determined in this study that the inci- 
dence of exostoses observed in this 
southern California coastal practice is 
6.36 per 1,000 patients seen for otolaryn- 
gologic problems. Fifty of the 70 ques- 
tionnaires distributed were returned and 
formed the basis of this analysis. The 
questionnaire used is included in the 
Appendix of this report. 


Data collected in this study revealed 
that most of the patients were between 
25 and 35 years of age with a range 
extending from 13 to 71 years. All the 
patients were Caucasian, 94% were male. 
The average age of the study group was 
37.6 years; the average age at which the 
growths were noted was 39.9 years 
(Table 1). 


A long and impressive history of 
aquatic habits, usually beginning before 
their teenage years, was described by 
all patients. Each patient used the body 
of water along the west coast known as 
the "California bight" Eighty percent 
of the patients used it exclusively, and 
the remaining 20% had at one time or 
another visited other regions as well. 
The common water sports included 
surfing (43%), swimming (41%) and 
diving (16%). Eighty percent of the pa- 
tients enjoyed their aquatic habits more 
than six months a year. They spent an 
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Fig. 3. Histologic section of the right temporal bone in Figure 2 demonstrating sessile 
exostoses of the anterior and posterior wall of the tympanic ring. A) Nodular thickening of bone 
is beginning to compromise the lumen of the external auditory canal (EAC). B) Laminated 
bone formation with remodeling of the deeper layers and new lamellar bone. (x10) 
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amphibious, the hearing labyrinth ap- 
pears. This is evident as we ascend the 
phylogenetic scale of the subphyla, 
vertebrata. The lower class of verte- 
brates (reptilia) as well as the higher 
class (mammalia) exhibit characteristics 
of the external canal that may be ana- 
lagous to the development of exostoses 
in man. Many of these vertebrates spend 
a great portion of their lives in cold 
water. In the crocodile (reptilia) the 
tympanic membrane is at the bottom of 
a deep fissure and is protected by an 
opercular flap of the integument, fitting 
into a smaller fold below and accurately 
closing the passage. Typical of the rep- 
tilia, this is the sole approach to the 
external auditory canal. Lower forms of 
vertebrates such as the beaver (roden- 
tia) have an external canal contracted to 
a transverse slit as it approaches the 
drumhead. Higher classes of mammals 
such as the duck mole and the dolphins 
retain a protective mechanism for the 
external canal. In the duck mole ( Mono- 
tremata of mammalia ) a tympanic mem- 
brane is present that is concave exter- 
nally and forms the inner extremity of a 
long, narrow canal. In the dolphins and 
the porpoises (Cetacea of mammalia) 
the outer opening and passage leading 
to the drum has been reduced or de- 
generated to such a degree that it is 
barely perceptible and the canal will 
only allow the passage of a “bristle” for 
1.5 inches?? (3.5 cm). 


In the whale, the external ear dis- 
appears and sound is conducted from 
the water directly through the skull to 
the labyrinth. The whales external ear 
and drum membrane are degenerated so 
markedly, that there is no longer any 
hearing through the conduction appara- 
tus but only through the water-borne 
sound waves, passing through the skull 
directly to the labyrinth. The external 
auditory meatus is so minute as to be 
difficult to locate and the auricle is no 
longer existent, although in whale em- 
brvos, the auricular tubercles develop 
only to disappear later. The outer half of 
the external canal is very small and then 
abruptly expands ten times in size. The 
hippopotamus shows small, external 
meati which are directed upward. By 
muscular contraction, the meatus can 
be closed at the moment of diving. In 
the walrus and seal, closure of the ear is 


automatic. There is no external ear in 
the seal and the external canal runs par- 
allel to the skin. It is closed by water 
pressure.** 


From the above, it would appear that ` 
in vertebrates living in the sea or in riv- 
ers, the external auditory meatus. has 
either been reduced to a narrow slit or 
is protected from direct contact with 
the sea. In this manner, the extremely 
narrow external canals described are 
probably protected against tympanic 
membrane trauma.*® 


Embryology of the Tympanic Ring. It 
was postulated earlier, and demonstrated 
in this present study, practically all exos- 
toses found arise from the tympanic ring 
along its line of union with the temporal 
bone. Phylogenetically, this structure is 
the result of recent development on the 
evolutionary scale. The external ear ca- 
nal developed from the first ectodermal 
branchial groove situated between the 
first (mandibular) and the second (hy- 
oid) branchial arches. Near the close of 
the second fetal month, the branchial 
groove deepens into a funnel-shaped 
tube which subsequently becomes sup- 
ported in its outer one third by the 
cartilages of the outer ear. The medial 
extremity of this funnel then produces a 
solid core of epithelial cells, which grows 
inward to meet the outer epithelium or 
the pharyngeal pouch, until only a thin 
seam of connective tissue remains to sep- 
arate the two epithelial layers. The core 
of epithelial cells remains solid until 
near the end of fetal life. The tympanic 
ring is formed from four, minute ossifi- 
cation centers of membranous bone, the 
first of which appears in the nine-week 
stage. Connective tissue at the margins 
begin to ossifv about the third month, 
giving rise to the tympanic ring. Follow- 
ing fusion of the originally separate 
centers, growth proceeds rapidly with 
consequent increase in overall size. In 
the seventh month of fetal life, the solid 
core of epithelial cells splits, with its 
deepest portion forming the outer sur- 
face of the tympanic membrane. The 
external portion extends and opens to 
establish the lumen for the primitive 
bonv meatus.* The ring remains inde- 
pendent of the otic capsule until fixation 
begins in the posterior part at the 34- 
week stage, progressing anteriorly until 
anchorage is complete in the newborn. 
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The ring behaves as a separate skele- 
tal element, but never becomes a fin- 
ished annulus. A hiatus remains along its 
cranial segment as the incisure of Riv- 
inus. In the newborn, the tympanic 
ring becomes fused with the adjacent 
bone at the tympanosquamous and tym- 
panopetrous suture line. At this time, the 
inferior foramen is closed by the tym- 
panic ring, although its occasional per- 
sistence in childhood may remain as the 
foramen of Huschke. The second, and 
more significant change is the lateral 
growth of the ring itself to form the 
sides and floor of the ear canal. This 
active growth during childhood not only 
forms a sheath for the styloid process 
but more importantly, contributes large- 
ly to the anterior wall and posterior 
portion of the floor of the canal. It is the 
ends of the annulus which proliferate 
more rapidly, that appear to be more 
susceptible to irritation of any sort? 


TREATMENT OF EXOSTOSES 


Historical. A review of the history of 
the treatment of exostoses is fascinating. 
One vicariously faces the hardships of 
the otologists who preceded us and 
must respect the diligence and curiosity 
responsible for the present state of the 
art of otology. 


There is no written record of what 
treatment might have been available to 
the aboriginal patient suffering from 
exostoses and hearing loss. Ayres?? has 
described the treatment in vogue during 
the 19th century. Attempts were made to 
reestablish the patency of the ear canal 
by emploving the use of sponge tents or 
rods made of lead, metal or ivory. Hei- 
man” criticized these methods as te- 
dious, unsafe and very painful. Clark: 
(1873) attempted to devitalize the exos- 
toses by electrolysis. This led to the de- 
velopment of a Stohrer battery which 
produced a continuous current of elec- 
tricity from six pairs of plates. The cur- 
rent was then passed through three 
needles. The bony mass was devitalized 
and in a few weeks the necrotic bone 
became so loose it could be readily ex- 
tracted. By 1890, galvanocauterv was an 
accepted mode of therapy.? However, 
this procedure too was time consuming 
and not applicable to large growths of 
the sessile type. These sessile exostoses 


continued to be treated in the traditional 
fashion employing the use of iodide of 
potassium locally on the exostoses or by 
applying leeches behind the ear and on 
the tragus to produce counterirrita- 
tion.® 3? 


Dalby? (1885) claimed to have been 
the first to remove exostoses of the ex- 
ternal canal using an ordinary dentist’s 
drill. He was assisted by Edgelow, a 
dental surgeon, who designed the first 
drill bits used for this purpose. In Dal- 
by's report of a surgery which took 
place in January, 1875, "The patient was 
seated on a sofa near the window and it 
was necessary for the surgeon to kneel 
on the ground to operate. He was able to 
control the revolution of the drill speed 
by means of a resistance coil, achieving 
an ‘ideal’ revolution of 2,500 per min- 
ute." The procedure was enhanced by 
ether anesthesia for a duration of 30 to 
50 minutes. 


Gardiner-Brown*’ (1880) preferred 
the limited drilling of a single hole into 
the exostosis. A screwtap was then in- 
serted into the hole and used as a lever 
to snap off the growth. This method was 
appropriate for pedunculated masses, 
but hazardous for the sessile growth. 
Mathewson** (1876) reported the first 


use of the American dental engine drill 


to completely remove exostoses. How- 
ever, such procedures were still ham- 
pered by compromised vision of the 
field, poor lighting and unreliable anes- 
thetics. Ayres?? reports his experience in 
using the dental drill on a patient who 
elected to have no anesthesia. He was 
assisted by How, who managed the 
dental drill. His description of the pro- 
cedure is dramatic. "Because of the sig- 
nificant discomfort, the patient elected 
to have anesthesia and was rescheduled 
for the following week. Ether was first 
administered but it was impossible to 
anesthetize the patient completely. He 
became wild and unmanagable and 
chloroform had to be administered. The 
patient then became profoundly anesthe- 
tized and threatened asphixiation so the 
surgeon had to desist. However, the pro- 
cedure did continue and after 20 min- 
utes of influence under anesthetic, the 
patient became so wild and unrulv that 
they thought it prudent to stop." Yet 
support for the use of the denal engine 
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was repored by Helfrich;? Heiman,? 
and Field," who used the American 
dental drill with successful removal of 
exostoses in over 100 cases. 


For exostoses located deep in the ca- 
nal where visualization was inadequate, 
the dental engine was considered haz- 
ardous by Benson*? (1885). In such 
cases he recommended extraction of the 
exostoses by the chisel and hammer 
technique. West? recommended the 
postauricular approach using the gouge 
and mallet technique in those patients 
whose condition was complicated by 
chronic purulent otitis media. 


One cannot help but be impressed by 
the fact that the treatment of a century 
ago was dependent on crude surgical 
tools used under inadequate illumina- 
tion. The development of the dental en- 
gine enhanced surgical treatment and 
stimulated the reporting of such cases 
in the middle of the 19th century. Few, 
if any additional reports or new surgical 
techniques were published over the next 
fifty years until the present day surgi- 
cal microscope increased the safety of 
the operation and renewed interest in 
the disease. 


Current. Treatment. The acute and 


chronic aspects of exostoses are quite . 


different. Removal of the obstructive 
cerumen or treatment of the acute ex- 
ternal otitis should be rendered in a con- 
ventional manner. Surgical excision of 
the exostoses should be limited to those 
patients in whom there is at least 80% 
occlusion or an intention on the part of 
the patient to continue actively engaging 
in aquatic activity. When exostoses com- 
pletely occlude the canal it is almost im- 
possible to preserve the overlying skin 
of the bony canal for reconstruction. I 
have used the transmeatal approach, 
operating microscope and high speed 
drill in all cases requiring surgery. The 
combination of continuous irrigation 
with suction shortens the length of the 
procedure and minimizes the transmis- 
sion of heat along the ear canal. The 
mallet and chisel technique for broad- 
based exostoses should be avoided be- 
cause of the possibility of injuring the 
facial nerve or tympanic membrane. 


Typically, exostoses of the external 
ear is a benign malady. Complications as 


a result of the natural course of the dis- 
ease or in association with surgical in- 
tervention are rare. Yet Helfrich? 
(1895) mentions several fatalities as- 
sociated with uncontrolled suppuration 
behind totally occlusive exostoses of the 
car canal. West^? describes a case re- 
ported "in which this apparently trivial 
condition resulted in a fatal issue. The 
patient met his death through falling 
into a fire, presumably in an attack of 
vertigo.” Today, complications asso- 
ciated wih microsurgery are uncom- 
mon but include tympanic membrane 
perforation, as reported by Seftel,* 
stenosis of the external canal and facial 
nerve weakness. 


Prevention. Irrespective of the ad- 
vanced surgical techniques available to- 
day, prevention of the exostotic process 
is of paramount importance. Those who 
have a fondness for aquatic sports 
should be cautioned to prevent cold wa- 
ter from entering the externa] ear canal. 
For those who are enjoying surface wa- 
ter sports this can be achieved through 
the use of a perforated earmold, earplug 
or the lightweight visored sports cap. 
Divers may wear a basic hood, provided 
it is not too tight, but should avoid us- 
ing earplugs which could lead to un- 
equal ear pressure and tympanic mem- 
brane rupture. The V-shaped notch is 
the earliest change seen in the ear ca- 
nal following chronic irritation. While 
the change is pathognemonic, the spe- 
cific type of irritation may be variable. 
When such changes are seen, even in the 
asymptomatic patient, he should be 
cautioned against prolonged exposure 
to irritation that may further stimulate 
the development of exostoses in the fu- 
ture. 


CONCLUSIONS 


Man is the only living being with a 
bony external auditory canal in which 
exostoses have been identified. The 
limited appearance of exostoses in the 
aborigines of the American continent 
is indicative of a racial predisposition in 
which the phylogenetically new tym- 
panic ring may react to chronic irrita- 
tion. Chronic irritation in one form or 
another has been the basic inciting cause 
of exostoses in both prehistoric and 
modern man. The cultural habits and 
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needs of prehistoric man required the 
use of his jaw for the tearing of food, 
aggression, and as a third weapon of de- 
fense. The mechanical force of these 
strong masticatory muscles was directed 
through thé temporomandibular appara- 
tus to the tympanic ring. During the 
19th century there was a preponderance 
of cases associated with chemical irri- 
tation in the form of chronic ear infec- 
tion and suppuration. In the same cen- 
tury, the influence of bathing became 
apparent when exostoses were identified 
in the affluent who enjoyed bathing in 
cold water. During the past three dec- 
ades exostoses have been invariably seen 
in those individuals who enjoy the cold 
water of the ocean in pursuit of aquatic 
sport or oceanographic profession. 


Review of the literature on exostoses 
and the analysis of this present study in- 
dicates that certain human races have a 
predisposition to the disease and that 
its development is stimulated by various 
forms of chronic irritation. Earlier stud- 
ies by Adams* indicated that water be- 
low 17.5 C is capable of stimulating 
such changes in the external ear canal. 
The water along the southern California 
bight approximates this critical level. 


Symptoms of external auditory canal 
exostoses can be expected to occur 
within ten years of continuous expos- 
ure to the cold water environment of 
this coastal region. The one male in our 
series who wore an earplug on one side 
and developed exostoses in the unpro- 
tected ear demonstrates the ability to 
prevent this malady. 


As a result of a review of the phylo- 
genesis of the human ear, the embry- 
ology of the tympanic ring and an an- 
alysis of 50 cases of exostoses it is con- 
cluded that this evolutionary, new struc- 
ture is sensitive to chronic irritation. 
Since only a very thin layer of skin 
covers the tympanic ring, it is particu- 
larly vulnerable to thermal changes. 
Irrespective of the nature of the irrita- 
tion the reaction of the tympanic ring is 
always the same. Whether this reaction 
represents a step back in evolution or a 
teleologic change to protect the deli- 
cate middle ear and inner ear structures 
is yet unanswered. In any event, for an 
individual member of a predisposed race 
whose external auditory canals are sub- 
jected to irritation over a prolonged 
length of time, the development of 
"exostoses of the external auditory ca- 
nal" is inevitable. 
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APPENDIX 


EAR CANAL TUMOR QUESTIONNAIRE 


Please fill in the correct answer where appropriate, or circle the appropriate answer. In 
some cases, you may wish to circle more than one answer. Please include any information that 


you think would be significant or helpful. 
l. In the past, have you done any: 


2. If you have circled at least two of the abov 


surfing 


diving swimming water skiing 


e sports, please estimate what the portion of the 


total amount of exposure was due to each type of activity (ie, 50% diving, 40% surfing, 


10% swimming, etc). 


Surfing % Diving % 








Swimming 


% Water Skiing ___% 
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10. 


Ti 


12. 


13. 


. At what age did you begin the above activities? 


. How many years have you spent performing the above activities? 


. How many hours a day were you in the water? 


J. R. DiBARTOLOMEO 





What is you age at this time? —  — years. 





. During those years, how many months each year did you perform the activity? 
. Can you name the months in which you usually did: 


Surfing ... 





Diving 





Swimming 





. During the months that you enjoyed the water sports noted above, did you usually do this: 


daily weekly several days per months 





(please estimate) 





How many days a week? -— 





. Did these activities take place in a: 





Swimming pool Lake Ocean Other Š 


Please explain: 








Would you please name the body or bodies of water in which you did this. (Please list 
all bodies of water frequently used and the number of years each body of water was fre- 
quently used.) 














In cases of ocean swimming, please name the coastline region along the body of water. 
(For example, Pacific ocean along the Santa Barbara coastline.) 











Can you estimate the average temperature of the water in which you were swimming? If 
you were swimming during several seasons out of the year, can you please mention the body 
of water, and the temperature for each season? This is extremely important in your esti- 
mate and completeness would be appreciated. 


Body of Water Season Temperature 























How did you first become aware of the bony growths? (Please check one or more of the 
appropriate answers.) 


Routine doctor's examination . f 
Please explain the circumstances that 


Infection of the ear canal —Ü made you aware of the bony growths, 


Pain in the ear — —— if you can recall: 








Drainage from the ear 


Infection of the ear canal 





Ringing in the ear 





Hearing loss 





14. 
15. 


16. 


IM. 
18. 


19. 


20. 


23. 
24. 
25. 


26. 
2T. 


28. 


29. 
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How old were you when you first became aware of the bony growths? 
Can you list the sequence of the answers to No. 15 in the order of their occurrence, as to 


which occurred first? 











How many years had you been enjoying water sports at the time you first noticed the bony 
growths? 





Which ear developed the problem first? Right Left 
Have you had surgery? Yes No 

Which ear required surgery first? Right Left 

How old were you when you had the first surgery performed? 

Do you have a hearing loss? Yes No 


Please explain: 








Is it present in: Right Ear Left Ear Both Ears 
If you have answered yes to hearing loss, was it present: 


before the development of ear tumors. 
at the time that you became aware of the ear tumors, or 


after the development of the ear tumors. 





Were you still enjoying water sports at the time of surgery? Yes No 
Following surgery, was your hearing: Unchanged Better Poorer 
Do you thing your hearing is getting poorer since surgery? Yes No 
Which ear? Right Left Please explain: 

Since surgery, do you still enjoy water sports? Yes No 

Did you have any ringing or noises in the ears in the past? Yes No 
Which side? Right Left 


At what age did it begin? 





Please describe it: 








Did you have it: Before Surgery After Surgery or Both 


Please explain: 











Do you have it now? Yes No 
If yes, which ear do you have it in now? Right Left Both 
Have you had any ear canal infections? Yes No 


If yes, when did this first occur? 





How long had you been enjoying water sports before it occurred? 








Have you had any significant infections since surgery? Yes No 


If yes, have they occurred: 
Not at All Seldom Frequently \ Continuously 
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30. 


31. 


32. 


34. 


35. 
36. 
37. 
38. 
39. 


. 40. 


41. 


42. 


43. 
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Before you became aware of the ear canal tumors, while swimming, etc, did you at any 


time wear: Hood Earplugs Other protective devices 





If yes, please explain: 





Do you still enjoy your original sport activities? Yes No 


-If yes, do you wear any ear protection at this time? Yes No 





What type, or what. protective steps do you take now? 





As a result of surfing, diving, etc, have you had any accidental injuries to the ears or 
rupture of the eardrum? i Yes ` No 
* Please explain: ais 








. Have you had any dizziness or loss of balance associated with your ear problems at any 


time? Yes No 
Have you worked in any noisy occupations or do you have a history of noise exposure in 
the past? Yes No 


If yes, please explain: 











How many years did you participate in this type of noise exposure? 
Were you exposed: - Daily Weekly Monthly 


Please explain the duration of time you were exposed to this noise or engaged in these 





activities? 
Would you describe the level of noise as: Mild Moderate Severe 


Please list any past occupations that you may have had related to a noisy environment or 











military assignment. 





Have you engaged in excessive shooting of firearms in the past (hunting) Yes No 


or, the use of skill or power tools: Yes No 





If yes, please explain: 





Do you fly a plane? Yes No Please describe the type of plane (single or 





double engine): 
Is the cockpit treated for sound? Yes No 

Did you wear ear protectors when exposed to noise, shooting or flying or as listed above? 
Yes No 

Do you have any family history of any other members of the family or relatives who have 


had any type of significant hearing loss? Yes No 





If yes, please explain: 





(optional) 





Signature 
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Nerve fiber synapses were observed on the small myelinated and unmyelinated spiral 
ganglion cells of the human cochlea. The nerve fibers penetrated the junctions of the en- 
sheathing satellite cells and myelin lamellae,: and partly invaginated into the perikarya to es- 
tablish axosomatic synapses. One small myelinated neuron with a nerve fiber synapse demon- 
strated multipolar cell processes. However, most small neurons with idehtica] ultrastructural 
characteristics did not show these synapses. AXodendritic synapses were also -$ 
dritic processes of the small neurons and between varicose nerves and unmyelinated nerve fibers 
some distance from the small neurons. While.these observations conform ín some aspects with 
the concept of parasympathetic nerve fibers and neurons in the cochlea, théy are also atible 
with the idea that the small neurons may have.an auditory» function influencéd hy the synaptic 
contacts of efferent fibers from the olivocochlear bundle. E diari 


‘on the den- 


INTRODUCTION 


In human and animal cochleas there 
are two types of spiral ganglion cells, 
large and small. In animals the large 
neurons are all myelinated and the small 


ones are unmyelinated.'-? The large neu- ` 


rons form the majority of the population 
and send their cell processes to the inner 
hair cells.^* In the human, however, 


both large and small neurons are my- 


elinated and unmyelinated, and the 


large unmyelinated type forms the ma- 


jority of the population.’ Presumably, all 
these large neurons are auditory in func- 
tion regardless of the presence or ab- 
sence of myelin lamellae in their satellite 
cells. Opinions concerning the function 
of srl nuno are diverse. They are 
considered immature forms of large neu- 
rons by Thomsen,’ primary neurons con- 
nected to the outer hair cells by Spoend- 
lin,^* and/or parasympathetic neurons 
by Ross? and Ross and Burkel.* Each of 
these investigators used a different spe- 
cies, guinea pig, cat and rat, respective- 
ly, and therefore it is not certain whether 
all these small neurons are the same type 
or different types. Although some of the 
small neurons observed in the human 
cochlea were similar to the large neu- 
rons, the majority of small neurons 





showed distinctly differént”¢ytological 
characteristics.°.. Aging o£ maturation 
does not appear to, be a factor influen- 
cing size since the small neurons have 
been observed in animals of different 
ages.3t 





' In the course of our investigation of 
the human spiral ganglion, we have 
made a.tather unusual observation of 
nerve fibers synapsing with the small 
neurons. The synapses were observed on 
both unmyelinated and myelinated small 
neurons. The present report provides a 


description of these synapses. s 


METHODS AND. MATERIALS 


The materials and methods have been de- 
scribed in an earlier report on the different 
morphological aspects of spiral ganglion cells. 
Human temporal bones were obtained at the 


time of autopsy and fixed in 1% phosphate buf- . 


fered osmium within 1.5 to 6 hours postmor- 
tem, Seventeen temporal bones from 12 indi- 
viduals were examined. With the exception of 
one specimen from a patient with Méniére’s 
disease, none of the individuals had any known 
history of otological problems. The age distri- 
bution ranged from nine months to 92 years. A 


concentrated effort was placed on the better ~ 


preserved specimens from two subjects, nine 


months and 37 years of age. Serial and semi- ;^ 


serial sections through the cell bodies were 
cut with an LKB ultrotome and photographed 
with a Siemens Elmiskop I. Series of com- 
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Fig. 1, A) Electron micrograph showing a large unmyelinated neuron (L) and a 


small unmyelinated neuron (S). The large neuron shows several patches of Nissl bodies 
(NB), many mitochondria and some lysosome granules. The nucleolus is round and the 
nucleolonema is compact. The small neuron shows rough endoplasmic reticulum near 
the nucleus and contains many neurofilaments. The nucleolus shows a loose and irregular 
arrangement of the nucleolonema. B) Higher magnification of another small unmyelin- 
ated neuron with a large cell process. Neurofilaments are numerous and the rough endo- 
plasmic reticulum is more concentrated around the nucleus. The nucleolonema is loosely 
and irregularly organized. The elongated clear structure located at the lower corner 
(arrow) is a satellite cell process, not a nerve fiber. 


posite electron micrographs were assembled 
for study. 
FINDINGS 


The majority of the large spiral gang- 
lion cells were unmyelinated (Fig. 1A) 
as previously reported.*?2?? Although the 
perikaryon of the large unmyelinated 


4 
ft. 


neuron was encapsulated by one to 
three satellite cells, a large surface area 
was often covered by a single cytoplas- 
mic layer. These surrounding ‘sheaths 
showed desmosomal contacts, simple 
abutments, and small gaps leaving a 
part of the perikaryon covered only by 
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Fig. 2. A) Small myelinated neuron with multipolar cell pr 








Gam... ete: A 


ocesses (arrows) show- 


ing a large nerve terminal (V) which was followed in serial sections. C - Centriole. 
B) High magnification of the above nerve terminal showing a synaptic zone at the peri- 
karyon (large arrow) and on the cell process (small arrow). The terminal contains many 
synaptic vesicles and mitochondria. Note myelin lamella around the nerve terminal, cell 


process and perikaryon. 


a basement membrane. Unmyelinated 
fibers were found near the large gang- 
lion cells, but they did not penetate this 
sheath layer. However, short evaginated 
neuronal processes of the perikarya 
were sometimes found within the encap- 


sulating satellite sheath. Similar stubby. 
processes were also shown at the cen- 
tral processes of the large neurons. 


The majority of small spiral ganglion 
cells were cytologically different from 


A 


^ 





the large ones (Fig. 1A, B). The cyto- 
plasm of the small neurons contained 
many neurofilaments more or less in 
bundle form and some aggregates of 
rough endoplasmic reticulum close to 
the nucleus, whereas the large neuron 


b. 
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contained dispersed Nissl bodies and 
neurofilaments. The nucleus of the small 
neuron was usually oval and contained 
fine chromatin substance with an irreg- 
ularly and loosely arranged nucleo- 
lonema (nucleolar substance). The nu- 
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cleus of the large neuron was oval and 
contained coarse chromatin substance, 
possibly a postmortem change, and a 
round compact nucleolus. The small 
neurons were often difficult to find in a 
single random section and serial sections 
were used for positive identification. In 
our ultrastructural study? their popula- 
tion was small, ranging from 6 to 10%. 
These small neurons were sometimes 
found in a cluster of two to three cells. 
They were often located close to the in- 
traganglionic spiral bundle and also in 
the peripheral zone of the neuronal 
mass. 


The perikaryon of a small myelinated 
neuron (11 um diameter) was found to 
form a synapse with a nerve fiber (Figs. 
2 and 3). A large varicose nerve was 
seen to penetrate the myelin sheath of 
a Schwann cell, proceed along the side 
of a cell process of the neuron, and 
terminate on the perikaryon. The nerve 
fiber came from the direction of the 
periphery (organ of Corti); however, 
the manner by which it passed through 
the myelin sheath could not be deter- 
mined due to the lack of additional se- 
rial sections. The varicose nerve was 3 x 
9 „um in profile and contained numerous 
mitochondria, synaptic vesicles, some 
dense cored vesicles, and a few large 
dense oval masses. The typical asym- 
metrical thickenings of the synaptic 
plasmalemma with an accumulation of 
vesicles on the presynaptic side of the 
nerve fiber were clearly demonstrated. 
The synapse was of the axosomatic type. 
Other remarkable features of this neuron 
were its irregular shape and multipolar 
cell processes, which were rather small 
in size and were all myelinated close to 
the perikaryon. A synapse was found on 
one of the processes where it came into 
contact with the varicose fiber. In the 
perikaryon were many neurofilaments 
but a small number of rough endoplas- 
mic reticulum. The Golgi network was 
small and in the adjacent area were 
many vesicular aggregates and some 
coated vesicles. Dense cored vesicles 
were not found. A prominent centriole 
was shown on the side close to a large 
neuronal process. One or two centrioles 
were found in the same area of a few 
other unmyelinated small neurons in 
which no synapses were found (Fig. 


4A), The nucleus was more or less cen- 
trally located but the nucleolus was not 
observed in the sections. The nucleolar 
substances (nucleolonemas ) of the other 
myelinated small neurons were loosely 
organized as reported earlier.’ 


A second type of small neuron with 
synapses on the perikaryon. was unmy- 
elinated and irregularly shaped (Fig. 
5). It was almost triangular in profile 
and its size was 12 „m in diameter and 
16 um in length. The number of cell 
processes could not be ‘determined. A 
nerve enlargement (2x4 um) was found 
penetrating the junction of the satellite 
cells and partly invaginating into the 
perikaryon. This enlargement or ter- 
minal contained some mitochondria, 
synaptic vesicles, dense cored vesicles 
and neurofilaments. The synaptic ves- 
icles were aggregated at the presynaptic 
membrane which was slightly thickened. 
At the postsynaptic membrane of the 
perikaryon the thickening was wider 
and no synaptic vesicles were found. 
The synapse shown on this neuron was 
axosomatic. The cytoplasm of the neu- 
ron showed characteristics similar to 
those of the myelinated small neuron in 
which synapses were found. It contained 
many neurofilaments and a relatively 
small number of rough endoplasmic re- 
ticulum, free ribosomes and mitochon- 
dria. The nucleolonema was in loose 
form in contrast to that of the large 
neuron (Fig. 1A). a 

Desmosomal contact was observed be- 
tween the perikaryon of one small un- 
myelinated neuron and the dendritic pro- 
cess of an adjacent small unmyelinated 
neuron (Fig. 4). The dendritic process 
contained a patch of rough endoplasmic 
reticulum, some mitochondria and 
neurofilaments, but no synaptic vesicles 
were observed. When followed in serial 
sections, the process proceeded toward 
the intraganglionic spiral bundle or os- 
seous spiral lamina. Passing adjacent to 
the dendritic process was a nerve fiber 
which made contact with the latter 
neuron. Although it did not synapse on 
the perikaryon, it established a few 
small synaptic contacts with the den- 
dritic process. The synapses were axo- 
dendritic. The approaching nerve fiber 
(Fig. 4 insets) was the presynaptic side 
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Fig. 4. A) Large nerve process (D) making desmosomal contacts (small arrows) 
with the perikaryon (P) of a small unmyelinated neuron. No s aptic vesicles are found 
on either side of the contact area. However, on the opposite side (large arrows), another 
nerve fiber (N) establishes presynaptic contacts on the large nerve cell process. The 
small neuron contains many filaments and two centrioles. In the upper right corner is 
another unmyelinated endi zem (S). Inset shows the bracketed synaptic contact at 
a higher magnification. R - Rough endoplasmic reticulum. B) Another area of the same 
neurons followed in serial sections. The large cell process (D) shown in Figure 4A is 
continuous with the perikaryon (S) on the right and still shows a few desmosomal areas 
with the first neuron. A nerve fiber (N) running along side the nerve process (D) is 
making contact with the perikaryon and it also establishes a presynaptic contact with the 
large cell process (D) at a more distal location (inset). The dendritic process (D) was 
heading toward the intraganglionic spiral bundle or osseous spiral lamina (long arrow). 
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Fig. 5. A) Small unmyelinated neuron showing synapses with a nerve terminal (ar- 
rows). Note filamentous cytoplasm and loosely organiz nucleolonema. In the adjacent 
area, below the neuron, are many unmyelinated nerve fibers. B) High magnification of 
the nerve terminal in Figure 5A showing a few synaptic zones (arrows). The postera 


tic side is the perikaryon (P). The elongated clear structure in the left corner (doable 
arrow) is a cytoplasmic extension from the perikaryon partly covering the terminal (fol- 
lowed by serial sections ). 
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‘with an accumulation of 
vesicles. 


The third type of small unmyelinated 
neuron was fusiform and bipolar with 
the larger process directed peripherally 
(organ of Corti side) and the small 


E: 


synaptic 


Y 








6. A) Bipolar small unmyelinated neuron showing contact with a nerve fiber 
The.peripheral process (toward the organ of Corti) on the right is larger than 


neuron contains many mitochondria and 
e nucleolus shows a loose arrangement of 


the above nerve fiber contact area in an ad- 
htly enlarged at the tip. Note aggregate of 
the fibrous mass. 


process centrally (Fig. 6). In the large 
neuron the size of cell processes was re- 
versed. A slender nerve fiber ap- 
proached the peripheral process of this 
small neuron in a straight line and part- 
ly invaginated into the perikaryon. The 
Schwann cell of the peripheral process 
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Fig. 7. A) Small unmyelinated neuron 


^ Hs 





(S) showing the encapsulating sheath of the 


satellite cell with two nerve fiber profiles (arrows). B) Another small unmyelinated neu- 


ron (S) shows three nerve fiber profiles in 


of the neuron extended toward the ap- 
proaching nerve fiber. The very end of 
the nerve fiber abutting the cell process 
was slightly enlarged and contained a 
few mitochondria and vesicles. However, 
no synaptic junction could be seen. 
This nerve fiber was not another pro- 
cess of the same neuron, but it could 


have been either a terminal or a fiber. 


passing through the area after making 
contact. Adjacent to the approaching 
nerve fiber was a cell process containing 
a bundle of fibrils. Opposing this bundle 
on the perikaryal side was an aggregate 
of electron-dense substance and a few 
large vesicular structures. The perikar- 
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. Fig. 8. A) Long cell process with fine granular substance is lying against the peri- 
'karyon of the small unmyelinated neuron (S). At the invaginated site (large arrow) 
pinocytotic vesicles are shown on both sides. These vesicles are larger than the synaptic 
vesicles of the nerve fiber which are shown at the lower right corner (small arrows). 
B) Same area as in Figure 8A as followed by serial sections. The process was derived 
from the perikaryon (S). C) A process similar to the one shown in F WE 8A is invagin- 


ating into the perikaryon of another small unmyelinated neuron (S). The pinocytotic 


vesicles are limited to the perikaryal side. 
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yon contained moderate numbers of 
mitochondria, rough endoplasmic reticu- 
lum and free ribosomes. The neurofila- 
ments were not as conspicuous as in the 
previously described neurons though 
they were located predominantly on the 
side of the peripheral process. The nu- 
cleus was oval and was located slightly 
closer to the peripheral process. The 
nucleolus was placed near the nuclear 
membrane and the nucleolonema was 
loosely organized. 


Sometimes in the encapsulating sheath 
of the satellite cell of the unmyelinated 
small neuron, the profiles of one to three 
nerve fibers were shown (Fig. 7). These 
nerve fibers were not observed estab- 
lishing direct contact with the perikarya, 
though the possibility of their contact in 
other parts of the perikarya could not be 
ruled out. However, there were often 
instances in which neuronal processes 
made direct contact with the perikarya 
as seen in Figure 8. Such a process dif- 
fered from nerve fibers in that it con- 
tained no neurofilaments and appeared 
almost empty except for vesicles which 
were large and concentrated at the area 
where the process invaginated into the 
perikaryon. At the opposite side in the 
perikaryon, more vesicles were aggre- 
gated. They were larger than the synap- 
tic vesicles found in the varicose fiber. 
They appeared to be pinocytotic vesi- 
cles. As this light neuronal process was 
followed in serial sections, it joined the 
perikaryal cytoplasm, confirming that it 
was the evaginated process of the peri- 
karyon. 

A large varicose nerve was sometimes 
found in the area adjacent to the un- 
myelinated small neuron. Although it 
came very close to the neuron, it did not 
make contact with the perikaryon; in- 
stead it synapsed with another nerve fi- 
ber (Fig. 9A). The synapse was an axo- 
drendritic type with a more marked 
thickening of the synaptic membrane on 
the second nerve fiber. The varicose fi- 
ber approached from the direction of the 
osseous spiral lamina. Similar synapses 
were found among the unmyelinated 
nerve fibers in Rosenthaľs canal far- 
ther away from the small neurons (Fig. 
9B). 

Nerve fiber synapses with the peri- 
karya were not a common occurrence (3 


out of 17 neurons). To date, they have 
been found only in one specimen from a 
37-year-old female who died of a ma- 
lignant melanoma which had metasta- 
sized from the left shoulder to the lung 
and brain. No melanoma cells were 
found in the auditory nerve trunk. Neu- 
ronal density determined at the osseous 
spiral lamina was excellent throughout 
the cochlea, and the organ of Corti was 
well preserved. Although other small 
unmyelinated and myelinated neurons 
with identical cytological characteristics 
were shown in the same serial sections, 
they did not synapse with the nerve 
fibers (Fig. 1B).* It is improbable that 
the large terminals could have escaped 
observation but it is possible that the 
small ones could have remained unde- 
tected since the sections were collected 
at wide. intervals in some areas. Because 
of the large number of photographs in- 
volved.in determining whether the neu- 
rons were the small type or whether the 
synapses were there, the detailed study 
was limited to a few specimens. In two 
other specimens, ages nine months and 
61 years, so far no small neurons with 
synapses have been found, though the 
study is.not yet complete. ` 


DISCUSSION 


Membrane-bound neuronal structures 
within the cytoplasm of large myelin- 
ated spiral ganglion cells were previous- 
ly reported in the cat and were thought 
to be cytoplasmic extensions of the same 
or another neuron. However, no synapses - 
were demonstrated nor could. similar 
neural structures be found in the un- 
myelinated small neurons. In the hu- 
man we observed no nerve fibers synap- 
sing with the large spiral ganglion cells, 
though unmyelinated fibers closely ap- 
proximated the perikarya. In the small 
neuron a light evagination of the peri- 
karyon was seen partly surrounding the 
synaptic bouton terminal (Fig. 5). 'Oth- 
er small neurons on which no synapses 
were found showed similar short pro- 
cesses directly abutting the perikaryon. 
over a wide surface and at one point 
invaginating into the same perikaryon 
(Fig. 8). This area may be the site 
where the nerve terminal was once pres- 
ent and was lost during the course of 
maturation. It should be noted that these 
neuronal processes differ from the pro- 
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we 








Fig. 9. A) Large nerve varicosity coming from the direction of the osseous spiral 


lamina approximates the small unmyelinated neuron (S). It establishes a presynaptic con- 


tact with vesicular aggregates on another nerve fiber (arrow). Note an elongated struc- 


sheath of the satellite cell (large arrow). 


cesses of large neurons which are com- 
pletely surrounded by the satellite cell 
cytoplasm. 

Nerve fiber synapses on small spiral 


ganglion cells in the human were seen 
in only a few instances. Other small 
neurons with similar cytological charac- 
teristics showed no synapses. It could be 
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surmised that the synapses are anoma- 
lous; however, whether synapses are 
present or absent, the existence of a 
small population of small neurons is ra- 
ther consistent in different species, eg, 
in the human, guinea pig,’ rat? and 
cat.? The ultrastructural features of small 
neurons show some differences in differ- 
ent species but the most common fea- 
tures appear to be the presence of nu- 
merous neurofilaments and a paucity of 
rough endoplasmic reticulum. Although 
synapses may not have been observed 
on the perikarya of these small neurons, 
they could occur at their neuronal cell 
processes as shown in Figures 2 and 3B. 
Synapses are often found among the 
unmyelinated fibers in Rosenthal's canal 
of the human, as shown in Figure 9, 
and animals.5!?? 


As stated earlier, different views have 
been expressed regarding the function 
of small ganglion cells. Spoendlin** pro- 
posed an auditory function based on the 
fact that only the small neurons remain 
after cochlear nerve section and that the 
afferent nerve fibers and endings below 
the outer hair cells remain intact,’ but 
proof of their connection is lacking. Fur- 
thermore, he recently stated'* that the 
axons of the small neurons may or may 
not be connected to the central nervous 
system. It is difficult to believe that the 
afferent fibers in the organ of Corti 
would survive after nerve section unless 
they were connected to cell bodies of 
neurons, If the small neurons are con- 
nected to the outer hair cells, synapses 
on the perikarya of the neurons or on 
their neuronal processes as shown in 
the present study would influence 
their neural activity and auditory func- 
tion. Such an effect would depend 
on the type of nerve fiber which synap- 
ses with the neurons. A different observa- 
tion on nerve fiber distribution to the 
outer hair cells was reported by Per- 
kins.^ Using the Golgi staining tech- 
nique, he showed that the spiral neurons 
which innervate outer hair cells are the 
same size as the radial neurons which 
innervate inner hair cells in the cochleas 
of young cats and rats. 


On the other hand, Ross? and Ross 
and Burkel? proposed an autonomic ori- 
gin of small neurons on the basis of his- 
tochemical and ultrastructural studies. In 


histochemical studies, particularly with 
acetylcholinesterase, different results 
have been reported by various investi- 
gators. For example, Ross? showed ace- 
tylcholinesterase-positive small neurons 
in the rat cochlea and also a similar, re- 
action-positive nucleus in the brain stem, 
the location of which differed from that 
of the superior olivary complex. It was 
suggested that the acetylcholinesterase- 
positive nucleus and small spiral gang- 
lion cells are a part of the parasympa- 
thetic system. However, in the rat'* and. 
in the guinea pig" a similar reaction- 
positive area was demonstrated.at the 
superior olivary complex, which is 
known to be the site of origin of the 
efferent nerve fibers to the orgari of 
Corti. In the cat Warr'?!* showed that 
the reactive cells for acetylcholinesterase 
and horseradish peroxidase were located 
at the superior olivary complex. He also 
confirmed the efferent neural pathway 
from the superior olivary complex to the 
organ of Corti by autoradiographic 
study .of- S Methionine.? Ishii et al^ 
reported the acetylcholinesterase re- 
action was negative in the spiral gang- ` 
lion cells of the monkey, cat and guinea 
pig, but positive for those in the human. 
It seems unlikely that such significant 
differences can occur among the same or 
different species; the differences in ob- 
servations are probably due to the meth- 
ods utilized.. . 


Previously, no nerve fiber synapses 
were observed on the spiral ganglion 
cells.*?5?? Nonetheless, the presence of 
postganglionic parasympathetic neurons 
has been suggested by Ross and Burkel.* 
In the parasympathetic ciliary ganglia of 
chicks both myelinated and unmyelin- 
ated neurons showed synapses on their 
perikarya.?? As far as we can determine, 
the small neuron seen in the present 
study is the only other type of myelin- 
ated neuron showing snyapses on the 
perikaryon. The presence of dense cored 
vesicles is indicated to be one of the 
main characteristics of parasympathetic 
neurons,??* and they have been ob- 
served in the small spiral ganglion cells 
of the rat. We have not observed them 
in human material. However, it should 
be noted that these dense cored vesicles 
were shown in sympathetic neurons**** 
and also in the large myelinated spiral 
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ganglion cells of the guinea pig.” There- 
fore, the presence of dense cored vesicles 
in itself is not a good criterion for the 
identification of parasympathetic neu- 
rons. Another characteristic of para- 
sympathetic neurons is the number of 
cell processes, whether unipolar? or 
multipolar.** In the rat the small spiral 
ganglion cells are multipolar,’ but in the 
cat they are bipolar or unipolar.?? Our 
material showed bipolar and multipolar 
types though the presence of a unipolar 
type should not be ruled out. Probably, 
the multipolar neuron with an axosoma- 
"4" tic synapse is the strongest evidence 

‘supporting the theory of parasympa- 


"* thetic origin. On the other hand, the 


main cytoplasmic characteristics of the 
small neurons (many neurofilaments and 
a relatively small number of rough endo- 
punc reticulum) are not the main 
eatures in parasympathetic neurons of 
other areas.?*?' The possibility that these 
small neurons may belong to the sympa- 
thetic system has also been considered; 
however, the fluorescence.studies con- 
ducted by Spoendlin and Lichtenstei- 
ger,” Terayama et al? and Ross?? were 
negative for neurons in the cat, guinea 
pig, and mouse, respectively. In a com- 
parative study of sympathetic and para- 
sympathetic ganglia of the.golden ham- 
ster, no remarkable ultrastructural dif- 
ferences were noted.** The sympathetic 
ganglion may be present in the human 
cochlea, but no evidence is shown at 
present. : 


There are several possible origins of 
the nerve fibers which synapse with the 
spiral ganglion cells and other nerve 
fibers: they may be cholinergic or adren- 
ergic fibers, or even dendritic or axonal 
collaterals coming from other spiral 
ganglion cells. In our material both axo- 
somatic (Figs. 2 and 5) and axoden- 
dritic (Figs. 3, 4 and 9) types of synap- 
ses were demonstrated. It was particu- 
larly interesting to observe the dendritic 
process of one small neuron establishing 
desmosomal, not synaptic, contact with 
another small neuron. The same den- 
dritic process, however, did establish 
postsynaptic contacts with another nerve 
fiber (Fig. 4). It is therefore conceiv- 
able that the synapses shown among 
the nerve fibers in random sections of 
other areas may be established with the 


same type of nerve fibers, at least one of 
which is a dendritic process coming 
from the small neuron on the postsynap- 
tic side. The presynaptic nerve fibers on 
the perikarya and other synaptic nerve 
fibers could be cholinergic since 
cholinergic fibers are known to be 
dispersed in the cochlear nerve trunk? 
and are also found in the olivocochlear 
bundle.^^' Cholinergic fibers synapse 
extensively on the perikarya in the para- 
sympathetic ciliary ganglion of chicks. 
However, they form synapses predomi- 
nantly on the dendritic processes of the 
parasympathetic ciliary ganglion of the 
guinea pig?” and in the otic ganglion of 
the rabbit. The presynaptic nerve fi- 
bers seen in this study could be either 
the efferent nerve fibers of the olivo- 
cochlear bundle?* or preganglionic para- 
sympathetic nerves.*?! 


Adrenergic fibers are widely distri- 
buted in the cochlear nerve,$?"?* and 
are shown running along the cochlear 
blood  vessels^?* Contacts between 
sympathetic nerve fibers and dendritic 
processes of the spiral ganglion cells 
were illustrated by Polyak et al.” Synap- 
tic contact of an adrenergic fiber to an 
afferent cochlear nerve fiber near the 
habenula was reported by Arnold, 
but no one has been able to confirm this 
observation. The nerve fibers embedded 
in the satellite cell sheaths (Fig. 7) or a 
nerve fiber making contact with the 
dendritic process (Fig. 6) without es- 
tablishing synapses could be either 
adrenergic or cholinergic. Both types of 
nerve fibers were reported to approxi- 
mate and even coil around the spiral 
ganglion cells, though such coiling was 
rare in the case of adrenergic fibers in 
animals.?*^ Nerve fibers may be en- 
folded by the satellite cells covering 
sympathetic neurons, but they are not 
found around primary sensory neurons 
of the cranial nerves.** A question exists 
as to whether there is interaction be- 
tween adrenergic and cholinergic nerve 
fibers in the cochlea. Synapses seen 
among the cochlear nerve fibers in the 
mouse? and the guinea pig™ are thought 
to occur among autonomic nerve fibers. 
Adrenergic fibers do not establish 
synapses on the parasympathetic ciliary 
ganglion, but come in contact with cho- 
linergic fibers of the neurons without 
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forming membrane thickenings.?* A lack 
of true synapses between adrenergic 
and cholinergic fibers is noted in smooth 
muscle, though there is an increase in 
density or a slight thickening of the op- 
posed membranes.* These descriptions 
differ from our observations of nerve 
fiber synapses among the unmyelinated 
nerve fibers in the present study; none- 
theless such a possibility remains. 


Cell processes or large and small spir- 
al ganglion cells may divide and come in 
contact with the perikarya of small neu- 
rons. Dendritic ramifications were shown 
in the spiral ganglion cells.??*? At pres- 
ent there is no direct evidence of periph- 
eral or central nerve collaterals of the 
large spiral ganglion cells establishing 
synapses with other nerve fibers or neu- 
rons in Rosenthal's canal. A process of 
the small neuron established desmoso- 
mal contacts with another small peri- 
karyon but no synapses were shown in 
the present study. 


In conclusion, the origin of these small 
spiral ganglion cells could be parasym- 
pathetic and the synaptic nerve fibers 
are possibly preganglionic parasympa- 
thetic fibers.^* However, it is doubtful 
that the peripheral extensions of the 
small neurons terminate in the organ of 
Corti as the acetylcholinesterase-posi- 
tive terminals, since the small neurons 
survive and yet the large vesiculated 
nerve endings which are acetylcholines- 
terase-positive*^^? ^ degenerate after 
nerve section.949 Moreover, if we 
ascribe all these small neurons a para- 
sympathetic origin, it is difficult to ex- 
plain the origin of the small afferent 
nerve endings below the outer hair cells 


since the large neurons are indicated to 
innervate only the inner hair cells.* 


It could also be interpreted that the 
small neurons have an auditory function 
which is influenced by axosomatic and 
axodendritic synapses with the efferent 
nerves of the olivocochlear bundle, in a 
manner similar to the outer hair cells and 
afferent nerve fibers in the organ of 
Corti. If the central nerve processes 
(axons) of the small neurons do not 
reach the brain stem, then they are ex- 
pected to establish synapses, in Ro- 
senthal’s canal or somewhere in the = 
modiolus with nerve fibers having their- š 
cell origins in the central nervous sys- .’ 
tem. However, it is not, clearly estab- `~ 
lished that the axons of the small neu- 
rons do not reach the brain stem; after 
nerve section, these unmyelinated nerve 
fibers may: behave differently than the 
myelingfed axons of the large. neurons. 


It is possible that there is more than 
one type of small neüron; however, our 
present study did not reveal any signifi- 
cant cytological. differences. Other neu- 
ronal features such as myelin sheath and 
number of cell processes were different, 
though one should not give too much 
significance to neuronal myelinization in 
relation to nerve termination. As we re- 
ported earlier? unmyelinated large 
neurons which constitute the majority of 
the population in human ears appear to 
innervate inner hair cells or both inner 
and outer hair cells. In the cat’ myelin- 
ated large neürons form a majority of 
the population and innervate inner hair 
cells. Further study is needed before a 
definite conclusion about both small and 
large neurons can be reached. 
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Roentgenologic, histopathologic, electron microscopic; ifól 






were performed to investigate the etiologic features of recurrent paro ti 


amined sialographically and histopathologically, 
the parotid gland had developed as latent chronic inflammation, with:m 
long before the disease became manifest clinically with ‘acute: exacerb 
duct epithelium in the regenerative process and increase of intra uctal 
tion of the salivary outflow were assumed to be the causative factors 6 
peripheral ductal system. Investigation of complement fixation antibeds 
hibition antibody and neutralization antibody responses to mumps ving: 
the disease was unrelated to mumps infection in the majority of cases. ` e E 
fixation antibody titer to various viruses was observed in-many cases during acute exa 
and were considered to have brought about secon 


dary ascending bacterial infection: of the 
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gland by lowering of the systemic resistance. Comparison of serums IgA, IgG, Ig and salivary " 
IgA in these patients with those of control children did not reveal participation of"immunodefi- ` 


ciency in the development of this disease. But judging from the results o 


the. long-term clinical 


follow-up study it was difficult to disregard the possibility that physiological imma 


immune response in young children may play some role in onset andr dc 


the disease. 


INTRODUCTION 


Of patients who visited us with a com- 
plaint of recurrent parotid swelling, the 
highest incidence was seen in children 
less than ten years old and particularly 
in those less than five years old.* In most 
of these cases of recurrent parotitis in 
children, punctate shadows, which were 
ascribed to histopathologic changes in 
the peripheral duct, were seen in sialo- 


grams. These changes are not unique to 
recurrent parotitis in children, but are,- 


also frequently seen in Sjógren-Larsson's 
syndrome accompanying recurrent paro- 
tid swelling."* It is difficult to deter- 
mine whether histopathologic changes 
seen in the peripheral duct are the 
cause or the result of the recurrent exa- 
cerbation of chronic parotitis; they are 
definitely related to recurrent parotid 
swelling. We have undertaken a clinical, 
histopathologic, virologic and immuno- 
serologic investigation to elucidate sev- 
eral problems concerning the patho- 
genesis of recurrent parotitis. Specifical- 
ly we are interested in 1) histopatho- 
logic characteristics of the punctate 
shadows seen in the sialogram, 2) the 


-in children ranging in agë from ‘eigh 


maturity of the 
ep eo aion of 
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process of théir formation, 3) the pos- 
sibility. of -párticipation of mumps in- 
fection ‘at the time-of:onset of this dis- 
ease, 4) the participation Lum 
uses in the period of acute exacerbation,. > 
5) the possibility of involvement of"im- 
munodeficieney in recurrence of acute 
exacerbation and, 6) the long-term clini- 


cal course of this: disease. 


METHODS AND MATERIALS. 


Materials opm. a a 


Included are 52 cases of recurrent. parotitis 
j t: months 
to 12 years, who visited the Depattment ‘of 
Otolaryngology, Akita University Hospital dur- 
ing the four-year period from 1974 until 1978. af 


Methods l AU 
Sialographic Investigation. In order: to. de- 
termine the correlation between the clinical 
course and sialographic findings, lateral and 
anterior-posterior x-rays were obtained follow- 
ing instillation of 2% Moljodol®, and an inves- 
tigation was made of the correlation among. 
the number of punctate shadows, age at onset” °” 
of the disease and the frequency of recurrence 
of parotid swelling. / L 
Histopathologic Investigation. A |I piece 
of the parotid gland was biopsied local 
anesthesia in a total of 13 cases, 12-of which” 
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TABLE 1. CORRELATION OF SIALOGRAPHIC FINDINGS AND CLINICAL FEATURES 
IN RECURRENT PAROTITIS IN CHILDHOOD 











Without Punctate Shadow 








Lobular or 
Dapple Granular With Punctate Shadowst 
Sialographic Findings Shadow Shadow + ++ +++ 
- Number of cases 5 9 19 14 12 
. Mean age of 
(¿Onset of clinical symptoms 6.8 1.3 4.9 2.9 2.9 
Frequency of parotid swelling |. 
| before ‘their first visit to us 3.8 4 4.8 5.9 10.4 


tPunetate shadows scattered throughout the 
ate amount as +-+ and those with a little amount as 


with moder 1 
` “bbe ra bot 


i wo cer n 
“were in a^symptómless period and 1 was in a 
“period of acute*éxacerbation. The parotid tis- 
sue. was serially"sectioned, stained with hema- 
toxylin-eosin and. histopathologiéally studied. 
These specimens were also investigated elec- 
tron microscopiéally. The specimens were fixed 
in 2.5% glutaraldehyde in 0.1 M .cacodylate 
buffer (pH. 7.4) for two hours at 4 C, rinsed 
in the buffer and fixed with 1% osmium tetra- 
oxide in 0.1 M cacodylate buffer for two hours. 
They were then dehydrated if graded ethanol 
solutions and ¿embedded in. Epon®, Sections 
were cut on. a LKB ultramicrotome. The thin 
sections were stained with uranyl acetate and 
lead and" wére examined with a JEM 100-C 
electron microscope. ; 


wt 


Virologic Investigation: - Investigation was 
made on the three problems below concerned 
with viral involvement ‘in. the onset and in 


-o “aeute, exagerbation of the disease. 


, 1. In order to evaluate the possibility that 
‘a chronic inflammation of the “parotid gland 
arises secondary to insufficient healing of the 

: acute inflammatory lesion due to mumps, the 
frequency in which acute parotid swelling at 
the time,àf onset of the disease of mumps was 
determined. The antibody titer in response to 
mumps virus was measured in. 36 cases for 
complement fixation antibody, hemoagglutina- 
tion inhibition antibody and neutralization an- 
tibody. It is known that using mumps S-anti- 
gen, the complement fixation antibody titer 
rises in the early period following infection and 
falls to normal within six months in the ma- 
jority of cases." The hemoagglutination inhibi- 
tion antibody, and particularly the neutraliza- 
tion antibody, are thought to be maintained 
throughout life. By evaluation of these anti- 
body:titers by paired sera obtained at onset 
and in the convalescent stage two weeks later, 
it can be determined whether mumps is con- 

. tracted in the distant or near past or not at all. 
. For measurement of the hemoagglutination in- 
hibition antibody? four units of antigen and 
0.5% -chicken erythrocyte supernatant were 
: "used. For measurement of the neutralization 
, antibódy,.the microtiter methcd? was employed. 


2. The involvement of viral infection in the 
period of acute exacerbation was examined by 
measuring the complement fixation antibodies 
in nine varieties of virus, including mumps, 


parotid gland "m classified as ++ +, those 


adenovirus, herpes simplex, herpes zoster, cox- 
sackie viruses (types A9, All, B1) and echo 
viruses (types 4 and 7), in the acute exacer- 
bation periods in 36 cases. When the antibody 
titers had risen four times or more in sera ob- 
tained during the acute period and two weeks 
later in the convalescent period, virus infec- 
tion was estimated to have been involved in 
acute exacerbation in its particular case. 


3. In order to determine whether or not the 
viruses found in the acute exacerbation were 
the direct cause of parotitis, and to study the 
incidence of viruses other than mumps in- 
volved in acute parotitis, complement fixation 
antibody tests were performed using the above- 
mentioned nine viruses in 922, cases of acute 
nonpurulent parotitis thought clinically likely 
to be viral in nature. 


Immunologic Investigation, In order to eval- 
uate whether immunodeficiency is involved in 
any way in the recurrence of acute exacerba- 
tion of this disease, the serums IgA, IgG and 
IgM concentration were measured in 31 cases 
and the salivary IgA concentration was deter- 
mined in 20 cases by means of the single radial 
immunodiffusion method." For measurement 
of the serum immunoglobulin a standard kit 
(Hyland Co) was used. For measurement of 
the salivary IgA, 3-10 cc of mixed saliva at 
rest was obtained and placed within a seamless 
cellulose tube (type 20/32, Visking Co) and 
was concentrated to 2-3 cc by sprinkling poly- 
ethylene glycol (No. 6,000, molecular weight 


TABLE 2. CORRELATION OF PAROTID 
SWELLING AND SIALOGRAPHIC 
FINDINGS IN 54 CASES OF RECURRENT 


PAROTITIS 
Eu——— ee 


Pathological 
Findings in Sialography 
I I 


n n 
Unilateral Bilateral 








Parotid Parotid 
Parotid Swelling Gland Glands 
Cases with unilateral 
parotid swelling 5 22 
Cases with bilateral 
parotid swelling 0 27 
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Fig. 1. Histopathologic background of the punctate shadows in the sialogram. "À ) 


of 7,800-9,000). IgA concentration in saliva 
was measured by using a low concentration 
IgA kit (Hyland Co). The serum and the sa- 
liva were obtained during the convalescent 
period. As a control, in 48 healthy kindergar- 
ten and elementary school children, concen- 
tration of serums IgA, IgG, IgM and salivary 
IgA were measured and the results were sta- 
tistically analyzed using the t-test. 


Investigation on the Long-term Course of 
the Disease. Long-term follow-up studies by 
questionnaire regarding the changes in the de- 
gree and incidence of parotid swelling were 
performed on 35 patients after their first visit 
to us. Changes in the sialograms were also 
studied in 13 patients who visited our clinic. 


RESULTS 


CORRELATION BETWEEN SIALOGRAPHIC 
FINDINGS AND CLINICAL FEATURES 


Punctate shadows were seen in 45 of 
the 52 patients, although there were dif- 
ferences in their number and size. When 
classifying those with punctate shadows 
scattered throughout the parotid gland 
as (+++), those with a moderate 
amount as (++), and those with a 


ed:from the slightly. dilated inter- 
). 





my trate a 


» 5e 


little amount as ( +}, it was found that 
those cases with extensive’ punctate 
shadows had. experienced frequént re- 
currence of the parotid swelling prior to 
their first visit to. us, and their age .of- 
onset was relatively young (Table 1). 
In 27 cases of unilateral parotid swell- 
ing, sialograms were taken bilaterally. 
In 22 out of 27 cases punctate shadows 
were observed in both parotid glands, 
although compared to the other side, the 
punctate shadows of the parotid gland 
without clinical symptoms were obvious- 
ly milder (Table 2). Sialograms ‘were 
taken of 18 siblings in 15 cases with re- 
current parotitis. Two of the 18 subjects 
had a history of recurrent parotid swell . 
ing. Including these two, 6 of the 18- 
subjects showed mild sialoangiectatic - 
changes in the sialograms, although all *: 
of the cases in which investigation was. - 
carried out in the siblings had had high 
incidence of recurrent parotid swelling 
with severe sialographic changes. 
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HISTOPATHOLOGIC INVESTIGATION 


Light Microscopic Findings. In most 
of the cases in which punctate shadows 
were identified in sialograms, there were 
cavities lined with one, two or a few lay- 
ers of flat or cuboid epithelium. The 
size of the cavity corresponded to that 
of one to a few lobules. However, there 
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Fig. 2. Histopathologic background of 
the punctate shadows in the sialogram. 
A) One of the two adjacent cystic cavi- 
ties is filled with purulent secretion. The 
arrow indicates a peripheral portion of 
the interlobular duct (x 40). B) Mag- 
nification of the upper portion of Fig. 
2A shows transition of the peripheral por- 
tion of the interlobular duct into the in- 
tralobular duct (arrow) (x 100). C) 
Magnification of the central portion of 
Fig. 24 shows the peripheral portion of 
the interlobular ducts running upward 
and downward between the adjacent 
cavities (x 100). 


were also cases in which leakage of the 
contrast media from the mildly or mod- 
erately dilated peripheral ducts gave an 
appearance of punctate shadows (Fig. 
1A). Leaked contrast media was sur- 
rounded by phagocytes and giant cells 
(Fig. 1B). Cystic cavities were sur- 
rounded by small round cell infiltration 
with lymph follicle formation. These 
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Fig. 3. Proliferation of the epithelial cells lining the peripheral duct. A) Localized 
proliferation of the epithelium in the lumen of the peripheral duct'(X 200). B) Localized 
proliferation of the epithelial cells lining the cystic cavity (x 200). i 


cavities were not necessarily connected 
to a single branch of peripheral duct, 
but when examined by the serial section, 
dilated cavities were frequently found 
connected to two or more peripheral 
ducts. In Figure 2A the lobule near the 
upper right-hand side shows relatively 
normal appearance below which two 
cystic cavities are found. Magnifica- 





tion of the. portions where: two cystic 
cavities adjoin shows two peripheral 
ducts running upward and downward 
in contact with the cavities. Both of 
these peripheral ducts and cystic cavities 
appear to have a cómmon connection to 
the more central portion of the duct. 
Magnification of a portion of the pe- 
ripheral duct in Figure 2A shows tran- 


n 


shown in Fig. 2A (x 40). B) The peripheral duct (arrow) in Fig. 4A is seen to be 
connected to the cystic cavity in the following section (x 100). 


v 
Da 


Ve 





Fig. 5. Dilatation of the peripheral duct. A) The intralobular ducts are irregularly 
enlarged with fusion of the dilated lumens at the portion of the branching (x 100). B) 
The peripheral portion of the interlobular duct is markedly dilated at the site of branch- 
ing with transition of one branch below into the striated duct (arrow) (x 100) 





Fig. 6. Electron micrograph of the acinus. The acinus lumen (L) and the inter- 
cellular space are dilated with electron dense secretory granules within the cytoplasm. 
At the apical portion of the cytoplasm numerous vacuoles are observed, some of which 
are fused with the acinus lumen. Some of them may represent the dilated intercellular 
canaliculi. M - Myoepithelial cell. 
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Fig. 7. Electron micrograph of the intralobular duct. A) Numerous làrge vacuoles 
( V) are observed within the cytoplasm. L - Lumen; M - Myoepithelial cell. B) Marked 
aggregate of lysosomes within the narrow cytoplasm of the epithelial cell separating the 


two ductal lumens (L). N - Nucleus. 


sition. of the intralobular duct lined 
by a single layer of cuboid epi- 
thelium from the interlobular duct with 
two layers of cuboid epithelium (Fig. 
2B). The cystic cavity was consid- 
ered to be constructed from pro- 
liferation of the epithelium of the pe- 
ripheral portion of the interlobular 
duct or central portion of the intralobu- 
lar duct with dilatation of its lumen. 
Localized proliferation of the epithelium 
lining the cystic cavity was frequently 


seen. This may demonstrate the marked 
proliferative ability of the peripheral 
duct epithelium to repair the glandular 
tissue after damage (Fig. 3A, B). When 
the cystic cavities shown in Figure 2A 
were serially sectioned further, two cys- 
tic cavities were fused to form a 'single 
gourd-shaped cavity (Fig. 4A). The in- 
terlobular duct present below the cystic 
cavity in Figure 4A is seen to connect 
with the cystic cavity in Figure 4B. The 
above mentioned histopathologic charac- 
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Fig. 8. Electron micrograph of the dilated intralobular duct. A) Enlargement and 


fusion of the cytoplasmic vacuole with the ductal lumen (L). B) Release of the cyto- 
plasmic contents together with the vesicle into the lumen has occurred. The cellular de- 


bris (arrow) is still noted in the lumen. 


teristics concern cystic cavities identi- 
fiable as punctate shadows in sialogram, 
but dilatation of the duct lumen was 
also frequently seen in intralobular and 
interlobular ducts. Figure 5A shows the 
peripheral portions of an intralobular 


duct. The duct is seen to have enlarged 
at the portion of the branching due to 
fusion of the dilated lumen. Figure 5B 
shows an area in which the peripheral 
portion of the interlobular duct has 
branched into the striated duct. The in- 
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ond 


Fig. 9. The dilated intralobular duct; the epithelium has become thin, L - Lumen; 


C - Collagen fibers; M - Myoepithelial cell. 


terlobular duct is seen expanded at the 
site of branching. If intraductal pressure 
increases further due to obstruction of 
outflow of saliva or inflammatory exu- 
date, it is possible that the unevenness 
of the dilated duct at the site of the 
branching will disappear to become a 
cystic cavity. 


Electron Microscopic Findings. 


acinus. The intercellular space was 
found to be irregularly enlarged and 
many small electron-dense secretory 
granules, not found in normal cells, were 
seen in the cytoplasm. Within the cyto- 
plasm, many vacuoles were found, some 
of which were fused to each other (Fig. 
6). There was also a tendency for the 
acinus lumen to fuse with these vacuoles. 
In the cytoplasm the development of 
rough endoplasmic reticulum was scarce 
and most of the rough endoplasmic re- 
ticula present showed fragmentation 
and vesiculation. Microvilli facing the 
acinus lumen were reduced in number. 


PERIPHERAL DUCTS. The duct lumen 
was enlarged and microvilli were scarce. 
Vacuoles were seen within the cyto- 
plasm, some of which had fused with 
enlarged duct lumen. Occasionally the 
cytoplasmic contents were seen to have 
outflowed into the intraductal lumen. 
There was frequently a marked increase 


in the number of electron-dense gran- 
ules thought to be lysosomes within the 
cytoplasm. Marked increase of fibro- 
blasts was noted within the periductal 
space with increase in collagen fibers. 
Figure 7A shows an intralobular duct. 
Numerous vacuoles are within the cyto- 
plasm of epithelial cells. In the cell in 
the lower right-hand corner, there is a - 
large vacuole occupying one third of the 
cytoplasm and the entire cytoplasm is 
found to have become pallid. In Figure 
TB there is a narrow cytoplasmic septum 
separating the two duct lumens where 
granules thought to be lysosomes have 
collected. The cytoplasm in this area is 
thought to disappear sooner or later for 
the two duct lumens to fuse together. 
In Figure 8A, B, cytoplasmic vacuoles 
are found to have fused with the duct 
lumen and the remaining cytoplasm was 
found adherent to the periphery of the 
dilated lumen. Marked increase of the 
granules thought to be lysosomes was 
found within neighboring cells. As the 
duct lumen enlarges in this way, some 
portion of the lining epithelium becomes 
so thin that the duct lumen may almost 
touch the myoepithelial cell layer (Fig. 
9). 

CYSTIC CAVITIES. The cystic cavities 
were lined by one, two or many layers 
of flat epithelial cells. Among stratified 
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Fig. 10. Stratified squamous cell metaplasia of the epithelium lining the cystic cav- 


Pi SERN CES 





ity. A) Among epithelial cells which have intercellular connections with desmosomes, 
predominant infiltration of lymphocytes and macrophages are seen. Microvilli are rudi- 
mentary. L - Cystic cavity. 1 - Nucleus of the epithelial cell; 2 - Nucleus of the lympho- 
cyte; 3 - Cytoplasm of the macrophage. B) Magnification of a portion of (A). The ar- 


row indicates the bundle of tonofilaments. 


squamous epithelial cells predominant 
infiltration of macrophages and lympho- 
cytes.could be seen in tissue biopsied at 
the stage of remission (Fig. 10A, B). In 
tissue obtained at the period of acute 
exacerbation, there was marked infiltra- 
tion of neutrophils among the epithelial 
cells and also within the duct lumen. 
“Microvilli facing the duct lumen ap- 
peared rudimentary. Increase of tono- 
filaments was prominent in the cyto- 
plasm of epithelial cells with occasional 
keratohyaline granules (Fig. 11A). De- 


pending upon the site, vesicles thought 
to be enlarged endoplasmic reticulum 
and free ribosomes and polysomes were 
frequently noted (Fig. 11B), At the site 
where the epithelial layer lining the cys- 
tic cavity was composed of one or two 
layers, marked flattening of the covering 
epithelium was frequently observed 


(Fig. 12). 
VIROLOGICAL FINDINGS 


Possibility of Participation of Mumps 
Infection in Onset of Recurrent Parotitis 


A e 
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Fig. 11. The epithelial cells lining the cystic cavity. A) Increase of tonofilament 
and ribosome in the cytoplasm is marked. An arrow indicates a granule suggestive of 
keratohyaline granule. m - Mitochondria. B) Numerous vesicles, free ribosomes and poly- 
somes are noted in the cytoplasm together with bundles of tonofilaments (arrows). 


in Childhood (Table 3). A comparison of of the complement fixation antibody and 
antibody titer to mumps was made by — hemoagglutination antibody increased 
paired sera obtained in the acute stage more than four times were thought to 
and two weeks later in the convalescent have had mumps infection in the acute 
stage. The subjects in whom the titers stage. The subjects who did not show 
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Fig. 12. The flat two-layered epithelium lining the cystic cavity. L - Lumen; M - 
Cytoplasmic process of a myoepithelial cell. 


changes in paired sera in all of three 
antibodies, but showed more than 32- 
fold values in complement fixation anti- 
body and at the sanie time showed more 
than 4-fold values in hemoagglutination 
inhibition antibody and neutralization 
antibody in both of the paired sera, were 
judged as having had mumps in the rela- 
tively recent past. Those with less than 
a four time increase in paired sera in all 


of three antibodies and less than a four- 
fold value in complement fixation anti- 
body but with more than a four-fold val- 
ue in neutralization antibody in both of 
paired sera were judged as having had 
mumps infection in the relatively distant 
past. The subjects who showed less than 
a four time increase in complement fix- 
ation antibody and had less than a four- 
fold value in hemoagglutination inhibi- 


TABLE 3, POSSIBILITY OF PREVIOUS CONTRACTION OF MUMPS BASED ON 
SEROLOGICAL ANTIGENIC ANALYSIS 








Findings of Serological Studies of Mumps Virus 





Less than 4-fold values in first serum and more 
than 4 time increase in paired sera in CF* 
and HI**? antibodies 

Less than 4-fold values in all of 3 antibodies in 
both of paired sera 


Less than 4 time increase in paired sera in all 
of 3 antibodies but more than 32 fold values 
in CF and more than 4-fold values in HI and 
Nf in both of paired sera 


Less than 4 time increase in paired sera in all of 
3 antibodies. And less than 4-fold values in CF 
but more than 4-fold value in N in both of 
paired sera 

*Complement fixation antibody. 
**Hemoagglutination inhibition antibody. 
fNeutralization antibody. 


No. Possibility of Previous 
of Cases Contraction of Mumps 
5 No previous contraction of 
mumps 
1l No previous contraction of 
mumps 
9 Contraction of mumps in 
relatively recent past 
ll Contraction of mumps in 


relatively distant past 
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TABLE 4. INCREASE OF COMPLEMENT 
FIXATION ANTIBODY TITERS TO NINE 
KINDS OF VIRUSES IN THE PERIODS 
CLINICALLY ASSUMED ACUTE 
EXACERBATION IN 36 CASES OF 
RECURRENT PAROTITIS 











Viruses to Which No. 
Antibody Titers Increased of Cases 
Mumps 4 
Herpes zoster 2 
Herpes simplex 2 
Coxsackie virus type Bi 1 
Adenovirus 1 
Mumps and herpes zoster 1 


tion and neutralization antibodies were 
judged as not having had mumps infec- 
tion at any time in the past. Following 
this classification, it was found that 16 
of the 36 subjects had not had mumps 
infection in the past and 9 had had 
mumps in the relatively recent past. 
However, in the light of the fact that 
most subjects had come to our clinic 
after more than one year had elapsed 
from onset, it is possible to estimate that 
the first parotid gland swelling was not 
due to mumps infection. Eleven cases 
had had mumps in the distant past, but 
it is unclear whether or not the first 
swelling was actually mumps. However, 
considering the fact that many subjects 
developed mumps infection at some time 
during the course of this disease, as 
shown below, it is thought that in many 
cases mumps infection was unrelated to 
the onset of this disease. 


Involvement of Virus Infection in the 
Period of Acute Exacerbation. In the 
paired serum 11 of the 36 patients 
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TABLE 5. INCREASE OF COMPLEMENT 
FIXATION ANTIBODY TITERS TO NINE 
KINDS OF VIRUSES IN 22 CASES OF 
NONPURULENT ACUTE PAROTITIS 








Viruses to 





Which Complement Fixation wxi No. 
Antibody Titers Increased of. Cases. 
Mumps 20. 5 p 
Other viruses ' 0 


showed four times or greater increases 
in complement fixation antibody titer in 
response to various viruses, as shown in 
Table 4. One patient had a double in- 
fection with mumps and herpes zoster. 
Five patients had more than a four time 
increase in complement fixation anti- 
body titer to mumps but all of them had 
less than a four-fold value in hemoag- 
glutination inhibition antibody and neu- 
tralization antibody in.sera obtained in 
the period of acute exacerbation. It was 
assumed that they were not cases of re- 
current mumps infection, but they hap- 
pened to develop mumps infection dur- 
ing the course of recurrent bacterial 
parotitis. In this present study investiga- 
tion was made of only nine kinds of 
viruses, but if study were made of many 
other viruses, the incidence of viral in- 
volvement in the acute, exacerbation is 
thought likely to-be very high. 


Involvement of Viruses in Nonpuru- 
lent Acute Parotitis (Table 5). Using the 
paired sera, the complement fixation an- 
tibody response to nine viruses was in- 
vestigated in 22 cases of nonpurulent 
acute parotitis clinically thought to be 
viral parotitis. Increased antibody titer 
to mumps virus was found in 20 cases, 
but no increase of complement fixation 


TABLE 6. CONCENTRATION OF SERUM IgA, IgG AND IgM IN PATIENTS WITH 
RECURRENT PAROTITIS* 

















Age 

in IgA IgG IgM 

Years Patients Control P Patients Control P Patients Control P 

3-5 147 52 138-41 NS 1365-395 1143-236 NS 149.6+67.7 84-26 «0.01 
(17) (17) CIT) (17) (17) (17) 

6-8 170256 153-29 NS 1598-738 1173-267 NS 159.8+73.8 116-42 NS 
(8) (10) (8) (10) (8) (10) 

9-10 166.7+91.3 138-23 NS 1415-644 1226-174 NS 141.5+64.4 1132557 NS 
(6) (10) (6) (10) (6) (10) 


*Data are given as mg/100 ml (+ SE). Differences between results in patients and those in 
healthy children were tested for statistical significance. 


P - Probability. NS - Not significant. 
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TABLE 7. CONCENTRATION OF 
SALIVARY IgA IN PATIENTS WITH 
RECURRENT PAROTITIS 











$ IgA 

: "(yr) Patients Control P 
5-7: 3.08.2 1.21: 2.29 + 1.31 NS 
e IG) (30) 


8.077593:4 318: 414.5 3.78 NS 
xm Der cU (18) 


l antibody, titer. was noted in response to 


the other eight kinds of viruses. Viruses 
other than mumps have been described 
as causing occasionally acute paro- 
titis,""? but its incidence is thought to 
be extremely low. The viruses to which 
increased antibody titer was found in the 
acute exacerbation period of recurrent 
parotitis àre thought not to be the direct 
cause of parotitis, but rather to have 
brought about secondary bacterial infec- 
tions by lowering of the systemic re- 
sistance. 


IMMUNOLOGICAL FINDINGS (TABLES 6, 7) 


A comparison per age group of con- 
centration of the serum IgA, IgG, and 
IgM in 31 patients and 37 controls 
showed a statistically significant increase 
(P<0.01) in IgM in the three-to-five- 
year-old group as compared to the con- 
trol group. But the difference of serum 
IgM in any other age group and differ- 
ence of serum IgA, IgG and salivary IgA 
in any age group were statistically non- 
significant. The concentration of sali- 
vary IgA shown in Table 7 does not in- 
dicate the absolute value of salivary 
IgA: (11S IgA), since the use of serum 
standard (7S IgA) for IgA underesti- 
mates the levels of secretory IgA (11S 
IgA) by approximately three times." 


FINDINGS ON THE LONG-TERM COURSE OF 
RECURRENT PAROTID SWELLING 


Of the 35 patients followed between 


8 and 11 years, all except one showed 
improvement in symptoms. The parotid 
swelling had disappeared completely in 
21 cases, and in 13 patients who had ex- 
perienced more than five or six swellings 
per year at their first visit to us, showed 
marked improvement of symptoms (one 
or fewer recurrences per year current- 
ly). A comparison of the patients who 
showed punctate shadows in sialograms 
with those who did not, indicated that 
the course was better for those without 
punctate shadows; there were no cases 
in this group whose symptoms had not 
improved at follow-up, and the inci- 
dence of complete disappearance of 
parotid swelling was high (Table 8). 
Among 13 subjects in which the long- 
term changes in the sialogram could be 
studied, 9 had sialoangiectatic lesions at 
their first visit to us. Among these nine 
subjects, two showed nearly complete 
disappearance of the punctate shadows 
(Fig. 13A). Six patients showed, though 
not complete disappearance, marked im- 
provement (Fig. 13B). One patient 
showed exacerbation in the sialogram, 
with enlargement and fusion of the cys- 
tic cavities with dilative changes also in 
the main duct (Fig. 13C and Table 9). 
These sialographic findings roughly 
coincided with changes in the clinical 
pictures. 


Figure 14 shows change of sialogram 
in a case of recurrent parotitis in which 
histopathologically numerous cystic cavi- 
ties were observed connected to the pe- 
ripheral ducts. This patient had super- 
ficial lobectomy of the right parotid 
gland performed at the age of four years. 
Follow-up study of the pathological 
changes in the remaining parotid gland 
by sialography showed that the typical 
punctate shadows seen at the age of 3 
gradually lessened and disappeared in 


TABLE 8. CHANGE OF FREQUENCY OF PAROTID SWELLING IN EIGHT TO TEN 
YEAR FOLLOW-UP PERIOD 











Change of Frequency 
of Parotid Swelling 





Punctate Shadows 





Case without 
Punctate Shadows 
in Sialogram 


Case with 


in Sialogram 





Disappearance of parotid swelling 

Marked improvement (parotid swelling 
less than once a year currently) 

No change (parotid swelling more than 
twice a year currently ) 


12 9 
9 4 
1 0 
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Fig. 13. Long-term sialographic changes in recurrent parotitis in childhood. Each of 
the upper sialograms shows sialoangiectatic lesions at the’ patient's first visit to us. The 
lower sialograms were taken 8-12 years later. Among nine cases nearly complete disap- 
pearance of the punctate shadows as is shown in (A) was seen in two. Marked improve- 
ment as is shown in (B) was seen in six cases. One case showed exacerbation with en- 
largement and fusion of the cystic cavities with irregular dilatation of the maitrduct (C). 





Fig. 14. Long-term sialographic change in one child with recurrent parotitis after 
superficial parotidectomy performed at the age of four. Sialograms were taken at the age 
of A) 3, B) 6 and C) I8. The shadow of the parotid gland in sialogram: extended to the 
portion of the excised superficial lobe at the age of 18 (C). 
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TABLE 9. CHANGE OF SIALOGRAPHIC 
FINDINGS IN EIGHT TO TEN YEAR 
FOLLOW-UP PERIOD 








Change of No. 

Sialographic. Findings. of Cases 
Disappearance 

of punctate shadows 2 
Marked decrease of number and 

size of punctate shadows 6 
Enlargement of punctate shadows 

with ductal dilatation 1 


sialograms at ages 6 and 18. The parotid 


gland itself had gradually so enlarged 


as in the sialogram taken at the age of 
18 that the shadow of the gland was 
seen -extending to the portion of the ex- 
cised superficial lobe. In no patients in 
which purictate shadows were not vis- 
ible at their first visit to us, did punctate 
shadows appear during the course of re- 
current parotid swelling. Except for un- 
usual cases, such as shown in Figure 14, 
therapy for each of these patients was 
primarily oral intake of antibioties in 
the period of acute exacerbation and in 
only a small number of difficult cases. 
irrigation of the parotid duct by anti- 
biotics was performed in the subacute 
stage. 

DISCUSSION 
ON THE PROCESS OF CYSTIC DILATATION 
OF THE PERIPHERAL DUCT 


When the children with recurrent 
parotitis were studied sialographically 
some showed punctate shadows but 
some did not. For those who did not, it 
was very rare that punctate shadows de- 
veloped secondarily during the course of 
recurrent exacerbation. Most of the 
punctate ‘shadows in the sialograms 
were due to the cystic cavities connect- 
ed to the peripheral ducts, + but 


there were also cases in which punctate 


shadows were due to leakage of contrast 


media into the periductal tissue of the 
“peripheral portion of the interlobular 
| ducts, mildly or moderately enlarged.'* 


!* In both instances, it could be histo- 
pathologically confirmed. They could 
usually be distinguished by the sharp- 
ness of.contour of the punctate shadows 
in sialogram; but there were many cases 
in which definitive distinction was dif- 
ficult. In view of the fact that the punc- 
tate shadows do not appear in acute 
parotitis due to mumps,” they are not 
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due therefore, solely to inflammatory de- 
struction of the gland. When sialogra- 
phy was performed in bilateral parotid 
glands in cases showing only unilateral 
recurrent parotid swelling, pathological 
changes were noted in bilateral parotid 
glands, regardless of the presence or 
absence of inflammatory symptoms." ^ 
^5 This was also true in siblings of the 
patients, in whom sialoangiectatic 
changes in sialography were occasional- 
ly observed. The development of this 
disease is thought to be heavily influ- 
enced by the patient's predisposition.*! 
Cystic dilatation of the peripheral duct 
is not unique to this disease, there being 
a number of other diseases accompanied 
by recurrent parotid swelling.^*»212? 
The typical dilatation of the peripheral 
duct is seen in cases of Sjógren-Larsson's 
syndrome in which are clinical symp- 
toms of recurrent parotitis. It is consid- 
ered that in the development of the cys- 
tic cavities proliferation of peripheral 
duct epithelium in regenerative process 
is involved.’ In casesof Sjogren-Larsson’s 
syndrome which are not accompanied 
by recurrent parotid swelling and in 
which onset of the symptoms is after 
middle age when regenerative ability of 
the gland has decreased and physiologi- 
cal atrophy of the gland has begun, cys- 
tic cavities are not commonly seen.? His- 
topathologically marked proliferative 
ability of the epithelium of peripheral 
ducts is frequently observed. For exam- 
ple in salivary gland tissue biopsied dur- 
ing the acute or convalescent stages of 
mumps infection, destruction. of the 
gland with interstitial edema, small 
round cell infiltration and degeneration 
and disappearance of acini are marked;?* 
but in tissue of patients who contracted 
mumps infection long before, there is 
no trace of gland destruction and the 
acini have regenerated completely. It is 
assumed that i£ the degeneration of the 
peripheral duct is limited, regeneration 
of the acinus will easily occur by dif- 
ferentiation of the regenerated periph- 
eral duct epithelial cells, but if the dam- 
age is severe, the acinus can not regen- 
erate even if epithelial proliferation of 
the peripheral duct epithelium occurs. 
This may result in the formation of the 
so-called myoepithelial islands or cystic 
cavities. With regard to the process of 
cystic cavity formation, there are several 
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possibilities, The latent, chronic inflam- 
matory stimulus due to ascending in- 
fection by normal bacterial flora in the 
oral cavity may cause degeneration of 
the peripheral duct and acinus** fol- 
lowed by proliferation of the duct epi- 
thelium in the regenerative process. De- 
struction of the ductal system may bring 
about an increase of intraductal pres- 
sure due to obstruction of salivary out- 
flow, which may cause dilatation of the 
ductal lumen. Particularly the dilatation 
of the peripheral duct at the bifurcation 
can cause fusion of the neighboring di- 
lated duct lumen. This may lead to for- 
mation of a cystic cavity communicating 
with a number of peripheral ducts. 
Acute exacerbation accompanied by 
parotid swelling may not be the cause 
of these changes, but rather is assumed 
to be the result. It is thought that the 
histopathologic changes in the parotid 
gland have occurred considerably prior 
to the clinically manifested acute exacer- 
bation.^*'* Histopathologically in chron- 
ic inflammatory lesions of the parotid 
gland, dilatation of the peripheral ducts, 
though not so marked as in forming cys- 
tic cavities, is found in most cases. Sim- 
ilar changes are also seen in the minor 
glands of the middle ear mucosa and the 
mucosa of the nose and paranasal sinus 
in chronic otitis media and chronic 
rhinosinusitis, A marked increase in ser- 
um amylase is seen after ligation of the 
parotid duct.* This is thought to be be- 
cause of the absorption of amylase into 
the blood due to obstruction of the sali- 
vary outflow and elevation of the intra- 
ductal pressure. A slight or moderate 
increase in amylase is frequently seen in 
the acute exacerbation period of recur- 
rent parotitis. In the parotid gland with 
chronic inflammation, somewhat of a rise 
in intraductal pressure and obstruction 
of salivary outflow are estimated to be 
actually occurring. The epithelial cells 
which line the cystic cavities were simi- 
lar to those of the peripheral portion of 
the interlobular duct, but squamous cell 
metaplasia was frequently seen. This is 
thought to be defensive response against 
the stimulus by mild chronic infection. 


FACTORS CONCERNING THE CAUSES OF 
RECURRENT PAROTITIS IN CHILDHOOD 


Bacterial culture of the purulent se- 


*Unpublished data. 


cretions obtained from the parotid duct 
in the period of acute exacerbation 
showed Streptococcus viridans with the 
highest frequency.?5!*?! This may sug- 
gest that the disease is primarily a mild- 
chronic parotitis due to ascending bac- 
terial infection. This is consistent with 
the fact that the parotid swelling, and 
pain disappear in'a few days without 
any specific treatment in many cases 
and that contradictory therapeutic meth- 
ods, such as ligation of the parotid duct 
are effective as therapy. for chronic in- 
flammation.? There are.opinions that 
the development of this disease is re- 
lated to secondary bacterial infection 
following incomplete healing of acute 
inflammatory lesions dué to mumps.*° 
However, the results of complement fix- 
ation antibody, hemagglutination inhi- 
bition antibody and neutralization anti- 
body responses to munips virus indicated 
that onset was possibly not related to 
mumps infection in the majority of 
cases, In the period of acute exacerba- 
tion, many cases showed increased titers 
of complement fixation antibodies to 
various viruses, but they were thought 
not to be the direct cause of parotitis, 
but rather were ascending bacterial in- 
fections occurring at the time when the 
systemic resistance lowered due to viral 
infection, causing the acute exacerba- 
tion. In the development of recurrent 
otitis media, bronchitis or sinusitis in 
children, participation of immunodefi- 
ciency has often been suggested with 
regard to IgA, particularly secretory 
IgA.*7-*° In the process of recurrent.exa- 
cerbation of this disease also, the in- 
volvement of immunodeficiency could 
also be imagined, but as far as we have 
investigated using the single.radial im- 
munodiffusion method, no apparent de-. 
ficiency has been found in serum IgA, 
IgG and salivary IgA. And except for . 
serum IgM of the three-to-five-year-old 
group, differences in these immunoglo- : 
bulin levels were satistically nonsignifi- - 
cant in comparison with healthy chil- 
dren. Since specimens were obtained in 
the period of acute exacerbation, it is 
thought that the IgM which increases 
in the early period following. virus in- 
fection, was particularly noted. Symp- 
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toms. lessened with age and, although 
pathologic changes might remain histo- 
... logically and also sialographically, acute 
;exacerbation was only rarely seen in 
"most cases by the age of 10 to 15. Look- 
ing over the long-term course of this 
‘disease, it is lifficult to disregard the 
possibility that physiological immaturity 
of the. immune response?'- is in some 
way telated. to the development of this 
disease. In:the-onset and recurrent exa- 
cerbation of this disease, the following 
"factors «are. thought to participate in a 
. vicióus cycle: E) physiological immatur- 
ity.-of ‘the immunoresponse in young 
children; 2) lowered systemic resistance 
due to repeated viral infections, 3) de- 
struction of the parotid gland by latent 
mild chronic inflammation due to as- 
cending infection with normal bacterial 
flora in the mouth and epithelial cell 
proliferation of the peripheral duct seen 
in the process of regeneration, and 4) 
obstruction of salivary outflow due to 
morphological changes in the peripheral 
ductal system which may cause dilation 
of the duct lumen and recurrent exacer- 
bation; due to ascending bacterial in- 
fection. 


CORRELATION OF RECURRENT PAROTITIS IN 
CHILDREN AND OTHER DISEASES OF THE 
PAROTID GLAND’ WHICH ACCOMPANY 
RECURRENT PAROTID SWELLING 


Degeneration and atrophy of acinus, 
small round cell infiltration in the peri- 
ductal tissue, lymph follicle formation, 
dilatation of the peripheral duct and 
proliferation of peripheral duct epithe- 
lial cells are commonly seen in parotid 
gland tissue with chronic  parotitis, 
Sjógren-Larsson's syndrome and other 
diseases ` with parotid inflammatory 
swelling. Although the degree of these 
histopathologic changes differ according 
to the diséase entity, they are not unique 
‘to any-of the diseases.?*^?' This is also 
true with the sialographic findings of 
the parotid gland. Nontumorous, chron- 
^de: diseases which accompany parotid 
swelling have been variously called 
sialectasis, sialoangiectasis, sialodochiec- 
tasis, chronic cystic parotitis, benign 
lymphoepithelial lesion, myoepithelial 
sialadenitis, and many other names. 
Blatt^'* has grouped pyogenic parotitis, 
Sjógren-Larsson's syndrome and. Mikul- 
icz disease together as benign lympho- 


« 
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sialadenopathy and maintains that they 
are variants of a collagen disease show- 
ing different stages. Certainly early clin- 
ical pictures of some of the cases of 
Sjógren-Larsson's syndrome which have 
clinical onset in middle age or prior to 
middle age are the same as that of non- 
specific purulent parotitis and, except 
for differences in the immunoserologic 
and immunohistologica findings, differ- 
entiation from nonspecific recurrent 
parotitis is fairly difficult.^*" Most of 
recurrent parotid swelling in Sjógren- 
Larsson's syndrome is caused by secon- 
dary bacterial ascending infection su- 
perimposed on degenerative changes of 
the parotid gland due to Sjógren-Lars- 
son's syndrome.' The histopathologic 
changes of Sjógren-Larsson's syndrome 
arising in relatively young patients in 
which glandular destruction is relatively 
limited with marked tendency for pro- 
liferation of peripheral duct epithelial 
cells may cause secondary bacterial in- 
fection. Clinically sialographic findings 
of both bilateral parotid and subman- 
dibular glands are important for differ- 
entiating between these two diseases. In 
nonspecific recurrent parotitis, it is ex- 
tremely rare that pathologic changes in 
sialograms are found simultaneously in 
both bilateral parotid and submandibu- 
lar glands,^^* but in Sjógren-Larsson's 
syndrome which affects all the salivary 
glands including the minor salivary 
glands, pathologic changes are found in 
both bilateral parotid and submandibu- 
lar glands simultaneously. They are us- 
ually seen before decrease of salivary 
secretion becomes apparent in sialome- 
try. Sialograms of the parotid gland in 
Sjógren-Larsson's syndrome characteris- 
tically show punctate shadows or leak- 
age shadows, but in the submandibular 
glands only fine leakage shadows, not 
punctate shadows, are seen. From a 
study of the long-term clinical courses 
of the cases of recurrent parotitis in chil- 
dren we have experienced so far, there 
have been no cases in which signs of 
Sjógren-Larsson's syndrome with appar- 
ent immunological abnormalities devel- 
oped secondarily. 


CONCLUSION 


l. Roentgenologic, histopathologic, 
electron microscopic, virologic and im- 
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munologic studies were performed in 52 
cases of recurrent parotitis in children 
to investigate the etiological features of 
this disease. 


2. Evaluation of the sialograms of bi- 
lateral parotid glands in cases with only 
unilateral symptoms showed that many 
had similar, though mild, lesions in the 
parotid gland without symptoms. It is 
considered that the  histopathologic 
changes in the peripheral ducts are both 
the cause and result of acute exacerba- 
tion, and that the disease had developed 
as a latent mild chronic inflammation 
long before the disease manifested itself 
clinically with acute exacerbation. 


3. With regard to the histopathologic 
nature of the punctate shadows fre- 
quently seen in sialograms in this dis- 
ease, there were cases which were 
caused by cystic cavities connected to 
the peripheral portion of the interlobu- 
lar ducts and also cases which were 
caused by the leakage of contrast media 
into the periductal tissue from the mod- 
erately dilated peripheral portion of the 
interlobular ducts or central portion of 
the intralobular ducts. 


4. Histopathologic study by serial sec- 
tion showed that many of the cystic cav- 
ities were connected to two or more 
peripheral ducts with occasional fusion 
of these cavities. It is considered that 
these changes are caused by mild gland- 
ular degeneration due to latent chronic 
inflammation and proliferation of the 
duct epithelium in the process of re- 
generation and increase of intraductal 
pressure due to obstruction of the sali- 
vary outflow. 


5. Electron microscopically, numerous 
large vacuoles were seen to arise within 
the cytoplasm of the epithelial cells of 
the peripheral ducts. As the vacuole in- 
creased in its dimension, the cytoplasm 
burst into the duct lumen. Many of the 
epithelial cells lining the peripheral 
ducts were in the process of degenera- 
tion with marked increase of lysosome 
in the cytoplasm. The epithelial cells 


were frequently markedly flattened. In 
the epithelium lining the cystic cavities, 
marked squamous cell metaplasia was. 
observed with predominant increases of * 
tonofilaments and occasional keratohya- -. 
line granules within the. cytoplasm, 
which were considered to:be defensive 
responses against the stimulus of chronic 
inflammation. E i 


6. When the relatio u humps 
infection with the onset of this‘ disease 
was investigated by measuring -cornple- 
ment fixation antibody; hemoagglutin- 
ation inhibition. antibo y and: neutrali- 

zation antibody responses to mumps 
virus, it was considered that the onset 
of this disease is unrelated to mumps 
infection. 


7. Increase of nubem fixation 
antibody. titer against various viruses 
was noted in many cases during the pe- 
riod of acute exacerbation. It was con- 
sidered that these viruses were not the 
direct cause of parotitis, but rather they 
brought about decrease of systemic re- 
sistance and secondary ascending bac- 
terial infection of the parotid gland. 


control children ena 

crease in serum IgM bits a the three- 
to-five-year-old group, but in the other 
age group or in the other immunoglobu- 
lins the differences were statistically 
nonsignificant. Participation of immuno- 
deficiency in the development of this 
disease was not clarified. Ms 


9. Long-term follow-up studies of: the 
clinical symptoms and sialographic find- 
ings showed that symptoms decreased 
with age in almost all cases and after 
the age of 15, even in cases which have 
sialoangiectatic lesions in sialography, 
most did not show acute exacerbation. 
Judging from these clinical courses, it 
was difficult to disregard the possibility 
that physiological immaturity of the im- 
mune response in these children. may 
play some role in onset and recurrent 
exacerbation of the disease. 
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` The structure of the normal human stapes was studied with the scanning electron micro- 
scope. Specimens were obtained 48 hours after death from adult human temporal bones free 
from obvious inflammatory disease. The specimens were fixed, dissected, critical-point dried 
and coated with gold. In this scanning electron microscopic study an attempt has been made 
to systematically demonstrate the average scanning electron microscopic features of various 
areas of the normal human stapes, An emphasis has been placed upon demonstrating as clearly 
as possible the details previously unclear or unrecognized and duplication of many excellent 
earlier light and electron microscopic studies has not been attempted. The typical appearance 
of the stapes head, neck, arch, crura and footplate has been presented. It is apparent that there 
exists a high degree of structural specialization particularly in the stapes arch and footplate area. 


INTRODUCTION 


The human stapes continues to be the 
subject of considerable interest both to 
the clinician and to the research investi- 
gator. This interest remains great due to 
two features of the stapes bone: first, 
its strategic location at the junction be- 
tween the middle and inner ear where it 
is encountered with great regularity by 
the otologic surgeon; and second, due to 
its involvement with the otosclerotic, 
tympanosclerotic and cholesteatomatous 
process. 


Anson and co-workers,"* Bast? and 
Macklin'* have systematically stud- 
ied the embryonic origin and develop- 
ment of the human stapes by examining 
light microscopic sections of the tem- 
poral bone at various ages. Anson, et al"? 
Kelly,? Dass et al/* Kojo,5 and Kiri- 
kae'* studied the morphologic variations 
in the normal human stapes, while An- 
son and Donaldson," and most recently 
Schuknecht,'* have dealt with the surgi- 
cal anatomy of the stapes. 


With the development of the trans- 
mission: and more recently scanning 
electron microscopes, there has been a 
resurgence in morphologic investiga- 
tions concerning the stapes bone. Rey- 


don and Smith,” Lim,’ Terahaye et 
al?' Brownson and Marovitz,**?* Maro- 
vitz and Brownson,* Graham and 
House,?5?* and Kluyskens et al** have all 
contributed to a greater understanding 
of the normal human stapes, while 
Bruner,’ Engstrom,? Engstrom and 
Rockert,? Wolff and Bellucci?! Gus- 
sen,??? and Bolz and Lim?* have stud- 
ied in depth the stapediovestibular joint. 


In this scanning electron microscopic 
study, an attempt has been made to sys- 
tematically demonstrate the average 
scanning electron microscopic features 
of various areas of the normal human 
stapes. Emphasis has been placed upon 
demonstrating as clearly as possible the 
details previously unclear or unrecog- 
nized, and duplication of many excel- 
lent earlier light and electron micro- 
scopic studies has not been attempted. 


METHODS AND MATERIALS 


Human stapes were removed within four 
to eight hours of death from adult human 
temporal bones free of obvious inflammatory 
disease. The stapes bones were required to 
be mobile and without evidence of otosclerotic 
or tympanosclerotic disease when examined 
under the Zeiss operating microscope. The 
stapes were removed by exposing the oval 
window area with the microsurgical drill, 
with magnification provided by the Zeiss op- 


Investigation carried out at the Otologic Electron Microscopy Laboratory of The Ear Re- 
search Institute, Otologic Medical Group, and the Department of Otolaryngology, University of 


Southern California, Los Angeles, California. 


SEM STUDY OF STAPES 


c 


Fig. 1. Intact human stapes. A-Head; B-Neck; C-Arch; D-Stapedius tendon insertion; 
E-Anterior crus; F-Posterior crus; G-Anterior footplate; H-Midlateral footplate; I-Pos- 


terior footplate; J-Obturator foramen. (x20) 


Fig. 2. Head, neck and arch, human stapes. Mucosa and periosteum removed. A- 
Stapedius tendon; B-Cavitations, neck; C-Anterior crus; D-Posterior crus. (x50) 
Fig. 3. Head, neck and arch, stapes. Note variations from Figure 2. Mucosa and 


periosteum removed. (x50) 


Fig. 4. Head, neck and arch, human stapes. Note variation from Figures 2 and 3. 
Identifying letters are identical with previous two figures. Mucosa and periosteum re- 


moved. (x50) 


erating microscope. The incudostapedial joint 
was separated, the stapedius tendon cut, and 
the stapes removed from the oval window as 
gently as possible. The specimens were then 
placed in 2% buffered formaldehyde solution, 
and then washed with Ringer's solution, post- 
fixed in cold 1€ osmic acid, and dehydrated 
in graded alcohols. The bones were then trans- 
ferred from alcohol to a series of increasing 
concentrations of ethyl alcohol and amylace- 
tate. The tissue was then critically point dried, 
secured to aluminum stubs by Dag 154 col- 
loidal graphite, and coated with gold approxi- 
mately 150A thick on a rotating stage in a 
vacuum evaporator. The specimens were stud- 
ied with a Kent Cambridge S4-10 scanning 
electron microscope at an accelerating voltage 
of 20 kv. Photomicrographs were taken on 
Polaroid? type 55 P/N film. 


Where it was necessary to study bone struc- 
ture without the presence of overlying mu- 
cosa and periosteum, the stapes bone was 
placed in Ringer’s solution and ultrasonicated 
in a Bransonic 220 ultrasonicator for 90 min- 
utes, 


Representative photomicrographs were chos- 
en to illustrate normal ultrastructural anatomy 


of the various areas, and original magnifica- 
tions accompany each illustration. 


RESULTS 


Overall examination at low. magnifi- 
cation of the entire stapes confirms the 
previously known features of the adult 
stapes. The posterior crus is generally 
longer, more arched, and stouter, while 
the anterior crus is straighter, shorter, 
and more delicate (Fig. 1). 


Stapes Neck and. Arch. The neck area 
varies considerably due to variations in 
the internal cavitation and the external 
sculptured appearance (Figs. 2-5). 
When present, these surface depressions 
lined by mucosa may be very extensive 
and may communicate into a'hollowed 
neck (Fig. 6). The position and method 
of attachment of the stapedius tendon 
varies greatly. It may be attached high 
on the neck (Fig. 2) or low and actually 
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Fig. 6. Increased magnification, area of cavitation of Figure 5. Note penetration of 
cavity into neck of stapes. Mucosa and periosteum removed. (x500) 

Fig. 7. Neck, stapes. Note marked cavitation (A) near insertion of stapedius tendon 
(B). Mucosa and periosteum removed. (x100) 


Fig. 8. Insertion of stapedius tendon fibers into bone. Mucosa and periosteum re- 
moved. (x5,000) 


on the upper end of the posterior crus 
(Fig. 3). The tendinous insertion may 
bury deeply into a cavity of bone (Fig. 
7) or be very superficial (Fig. 8). By 
utilizing ultrasonification, the mucoperi- 
osteum can be removed from bone, and 
in the area of the neck and arch the su- 
perficial bone appearance may be fibril- 
lar or honeycombed (Figs. 9 and 10). 
The neck of the stapes varies greatly 
with regard to its internal cavitation. It 
may be dense or quite hollowed as in 
Figures 11 and 12. The internal cavity 
may be lined by mucosa (Figs. 13-15) 
where there is a continuous opening 
from beneath the arch. Should the cavi- 
tation occur without continuation with 
the arch, then bone is encountered 
(Figs. 16 and 17) without overlying 
mucoperiosteum. Here the bone forma- 
tion may be very symmetric and ar- 
ranged most orderly (Figs. 18-20) with 
a fibrillar pattern surrounding the neck 
(Figs. 19 and 20), tapering into the 
base of the crura (Fig. 21) where the 


bone generally becomes honeycombed. 
The appearance of this basketweave 
gives one the impression that the struc- 
tural strength requirements in this area 
are fairly great and the strength of the 
arch is dependent upon this bony forma- 
tion. Figure 22 reveals further details 
of some of the high-fluted bone appear- 
ances within the arch of the stapes. The 
arch of the stapes (Figs. 23 and 24) and 
the lateral surfaces are generally of a 
fibrillar or honeycombed pattern after 
the mucoperiosteum is removed (Figs. 
25 and 26). The fractured surface ap- 
pearance of bone comprising the stapes 
arch is very dense (Fig. 27). 


Stapes Crura. Both anterior and pos- 
terior crura are covered with mucous 
membrane (Fig. 28) which occasionally 
may be ciliated. Underneath the mucosa 
is a dense periosteal layer which in turn 
overlies rather dense bone of the crura 
(Fig. 29). As the periosteal fibers ap- 
proach the bone they become covered 
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Fig. 9. Surface bone formation, neck region of stapes. Mucosa and periosteum re- 


moved by ultrasonification. (x500) 


Fig. 10. Different area, neck, stapes. Note fibrillar-type bone formation. Mucosa 
and periosteum removed by ultrasonification. (x2,000) 
Fig. 11. Stapes, neck and arch area. Fractured along arch (arrows) to show arch 


extending into cavity (A). (x50) 


Fig. 12. Neck and arch area, stapes crura, showing where fracture has been made 


across neck. (x20) 


with an osteoid matrix ( Fig. 30) and are 
then known as Sharpey's fibers. Upon re- 
moval of mucoperiosteum by ultrasonifi- 
cation, the surface bone architecture of 
the crura is evident. The surface pat- 
terns fall into four types: honeycombed, 
fibrillar, compact and pitted. These bone 
types may be in close proximity with 
one another; their significance remains 
unclear at this time (Figs. 31-33). After 
removal of the mucoperiosteum (Fig. 
34) from the bone of the posterior crus, 
the various bone formations are evident. 
Figure 35 shows an area of cavitation 
with the periosteum removed at higher 
magnification. It is apparent that these 
are not vascular channels; they are ex- 
tremely variable in number, size and lo- 
cation. Figure 36 reveals in higher mag- 
nification bone surface detail of an area 
of the anterior crus. 


Stapes Footplate. 'The footplate varies 
somewhat in shape and thickness. The 
anterior footplate generally is thicker 


and broader. Attached to the anterior 
footplate are substantial ligaments (Fig. 
37), an anterior tympanic ligament, in- 
termediate ligament, and an anterior 
vestibular ligament. At high magnifica- 
tion, the ligament is seen to be quite 
substantial and when the fibers are 
teased apart (Fig. 38), it is evident 
that these are dense fibers most inti- 
mately blended into the base of the an- 
terior surface of the anterior crus (Fig. 
39). Even after ultrasonification which 
does remove mucoperiosteum (Fig. 40), 
this ligament remains firmly attached 
to the anterior crus. The posterior stapes 
footplate has a characteristic posterior 
suspensory ligament and is less dense 
and firm than the anterior ligaments. 
In addition, there exists a posterior ves- 
tibular, rather delicate ligament which 
attaches to the posterior vestibular sur- 
face of the stapes footplate and a pos- 
terior tympanic ligament. The lateral 
surface of the stapes footplate is similar 
on either side (Fig. 41). These liga- 
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Fig. 13. Interior, hollowed neck (A) with lining mucoperiosteum being pulled away 


from underlying bone. (x100) 


Fig. 14. Higher magnification of Figure 13 showing underlying honeycombed-pat- 
terned bone with the periosteum being pulled away. (x200) 


Fig. 15. Higher magnification of Figures 13 and 14. A-Bone; B-Overlying perios- 


teum. (x2,000) 


Fig. 16. Bone formation within hollowed neck, stapes. Note different layerings of 


bone. (x2,000) 


ments attach to the cartilage plate which 
surrounds the rim and vestibular surface 
of the stapes footplate (Figs. 42 and 
43). At higher magnification, these liga- 
mentous areas are clearly identified 
(Figures 43 and 44). The appearance 
of the ligament is clearly shown in Fig- 
ure 45, and these are perhaps the most 
delicate of all of the areas of the annular 
ligament. On fractured section of the 
footplate the cartilaginous rim around 
the stapes footplate as well as on the 
vestibular surface is clearly evident. A 
central bony core exists which extends 
to the tympanic surface of the footplate 
where, after mucoperiosteum is re- 
moved, a uniform fibrillar bone surface 
. pattern is seen (Fig. 46). The vestibular 

"surface of the stapes footplate is seen 
ta be covered by perichondrium charac- 
teristically “pebbled” in appearance 
(Fig. 47). As the vestibular surface of 
‘the stapes is visualized in its articulating 
relationship with the oval window mar- 
gins, there is seen to exist a “trench” of 


varying width and depth around the 
entire periphery of the stapes footplate. 


DISCUSSION 


The overall appearance of the stapes 
varies little from the classic descriptions 
provided by Anson et al,!* and Kelly." 
The variations in size, shape and weight 
are considerable and have been chron- 
icled by Dass et al," and also by Kojo.'5 


Bast and Anson? have provided the 
classic embryologic description of the 
human stapes development. Initially, the 
stapes is formed entirely of cartilage 
and not until the 146 mm stage of fetal 
development does the ossification of the 
stapes begin. This initial single center 
appears on the obturator surface of the 
base (footplate) of the stapes and 
spreads thereafter along each crus 
toward the head of the ossicle. By the 
345 mm stage, the stapes has assumed 
adult form, is deeply excavated on its 
obturator surface, mucous membrane 
now being draped over the channel 
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Fig. 17. Neck, stapes, from below. Arrows point to takeoff of crura and at (A) the 
stapes head had been fractured off. (x200) 


Fig. 18. Higher magnification within neck of stapes, head removed (A). Periosteum 
not present in this area. B - Take off of crus. (x500) 


Fig. 19. Higher magnification of Figure 18, showing basketweave type of fibrillar 
bone formation. (x1,000) 


Fig. 20. Higher magnification of Figures 18 and 19. (x2,000) 


crura and eroded head and base, and 
submucosal tissue replacing the original 
marrow. Finally, cartilage remains only 
at the capital extremity as an articular 
layer and on the vestibular surface and 
rim of the stapes footplate. The cartilage 
is eroded and endochondral bone is 
formed in relative abundance through 
the conversion of calcified cartilage. The 


TU 


periosteum of the head, like that of the 
crura, remains virtually inactive. There- 
fore, the head and neck of the stapes 
differs from the extremity of a typical 
long bone and is lacking an epiphysis as 
well as cancellous tissue and marrow, 
and is being covered on the interior by 
mucous membrane. 


In this study, the head of the stapes 





Fig. 21. Inner arch, stapes. Note fibrillar pattern of neck above and honeycombed 


pattern below. (x1,000) 


Fig. 22. Exaggerated fluting noted in inner arch of some specimens. (x5,000 ) 
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Fig. 23. Fracture across stapes arch (arrow). Mucoperiosteum sonicated off lateral- 
ly, still present within. (x50) 


Fig. 24. 
architecture of Figure 23. (x500) 


Higher magnification, edge of fracture (arrow) and lateral bony surface 


Fig. 25. Higher magnification of lateral arch bony structure. Mucoperiosteum re- 


moved by ultrasonification. (x1,000) 


Fig. 26. Various patterns of bony formation, lateral arch. Mucoperiosteum removed. 


(x1,000) 


showed great variations due largely to 
the degree of bone resorption and varia- 
tions in the attachment of the stapedius 
tendon at the neck. In most specimens, 
a distinct neck area is apparent, ie, a 
constricted area between the articular 
head and point of origin of the crura. 
The external configuration, degree of 
external cavitation, and the extent of 
hollowing out of the neck vary greatly. 
The neck may be stout or delicate and 
cavitation may extend interiorly to com- 
municate with the hollowed-out neck. 
The hollowed-out neck of the stapes, if 
it is connected externally to the obtura- 
tor foramen, was usually but not always 
found to be covered by mucoperios- 
teum. If there was not communication 
to the exterior, then the bone surface 
was. apparent without overlying mu- 
coperiosteum. Externally in the neck 
area, the bone surface appears after 
removal of the mucoperiosteum by ul- 
trasonification to be of a random, 
honeycombed appearance. The basic 


surface bone pattern appearances have 
previously been reported by  Terra- 
haye et al?' and by Graham and 
House.*?* Internally, the bone surface 
appearance is characteristically fibrillar 
and honeycombed. However, here the 
orientation is highly regular. Surround- 
ing the upper neck, the fibrillar pattern 
is reminiscent of a basketweave. Inferior- 
ly where the neck merges with the arch 
and the origin of the crura, this pattern 
gives way to the honeycombed pattern. 
Kirikae,'^ using enlarged models of the 
ossicles constructed of diallylphthalate, 
studied the stress systems generated 
within the ossicles when force was con- 
ducted from the manubrium of the mal- 
leus to the cochlea. He found boundary 
stress increased around the boundary of 
the neck and that at the posterior was 
‘greater than at the anterior crural base. 
He also concluded that there was an in- 
timate relationship between the intensity 
of boundary stress and the thickness or 


~ P 
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Fig. 27. Fractured surface, arch area. Note dense bone formation. (x500) 

Fig. 28. Stapes crura mucosa overlying periosteum. (x1,000) 

Fig. 29. Fractured section of crura. A-Mucosa; B-Periosteum; C-Bone of crus. 
(x2,000) 

Fig. 30. Periosteal bone junction. Note bone matrix being deposited on collagen 
fibers (arrow). (x10,000) 









Fig. 31. Honeycomb-type bone formation, 
stapes crura. Mucoperiosteum removed by ul- 
trasonification. (x2,000) 

Fig. 32. Four different patterns of bone 
appearance on surface of stapes crura with 
mucoperiosteum removed by. ultrasonifica- 
tion. A-Dense; B-Honeycombed; C-Fibrillar; 
D-Pitted. (x1,000) 

Fig. 33. Fibrillar-appearing surface bone, 
stapes crura. Mucoperiosteum — removed. 
(x2,000) 
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density of the bony cortex in the various 
auditory ossicles. Perhaps, therefore, this 
fibrillar basketweave arrangement of 
bone gives greater strength at this high- 
stress area. The bone of the neck area on 
fractured surface, while relatively thin, 
appears extremely compact. The bone 
surface of the neck and arch areas with 
periosteum removed is characteristically 
fibrillar. The fibers are arranged typical- 
ly in whorls; however, there may also be 
areas of honeycombed appearance of 
the surface bone. 


The crura of the stapes are similar in 
appearance, one with another. Graham 
and House? have reported earlier on 
the normal scanning electron micro- 
scopic features of the stapes crura. The 
surface of the crura is usually covered 
by a nonciliated epithelium although 
occasionally ciliated mucosa character- 
istic of the middle ear is present. Often 
the inner concave surface of the crura 
is devoid of overlying mucous mem- 
brane. Beneath the mucosal arch is a 
dense substantial periosteal layer made 
up of interlacing fibers of different 
thickness and width. Superficially, the 
fibers are finer and as they approximate 
the underlying bone they become broad 
or flatter and at deeper levels become 





Fig. 34. Appearance, posterior crus, muco- 
periosteum removed, showing different vary- 
ing bone formations and marked cavitation. 
(x100) 

Fig. 35. Higher magnification of Figure 
34. Note varying bone formations and marked 
cavities. (x200) 

Fig. 36. Anterior crus surface bone pat- 
tern. Mucoperiosteum removed by ultrasoni- 


fication. (x1,000) 


covered with bone matrix. Periosteal 
fibroblasts are obvious in the more su- 
perficial layer of the periosteum and 
are characterized by a large cell body 
with multiple filamentous processes. The 
surface appearance of the stapes crural 
bone varied greatly, there being four 
general appearances evident: honey- 
combed, fibrillar, compact and pitted. 
Fractured surface bone structure of the 
crura appeared to be constantly dense, 
vascular channels were rarely encoun- 
tered, and osteocytes and lacunae were 
not seen. The stapes footplate is that 
part of the ossicle which occupies the 
oval window and it is fastened to the 
fenestral rim by the annular ligament. 
The footplate outline varies greatly in 
shape; usually the superior margin is 
convex, the inferior margin straight, 
and the anterior and posterior borders 
rounded. The vestibular surface of the 
footplate is covered by cartilage and 
presents a pebbled appearance at higher 
magnifications. On fractured surface 
across the footplate, this cartilage layer 
is clearly seen to pass upward from the 
vestibular surface in all directions to en- 
close the central bone area of the foot- 
plate. Gussen?? has pointed out that this 
cartilage is not the typical hyaline carti- 
lage lining most joints of the body but is 
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Fig. 37. Anterior stapes footplate. A-Anterior tympanic ligament; B-Anterior ves- 
tibular ligament; C-Footplate area. (x100) 

Fig. 38. Higher magnification, anterior ligament (A) seen from above. Note dense 
fibers. (x200) 

Fig. 39. Anterior footplate area seen from above. A-Anterior surface base, anterior 
crus; B-Anterior tympanic ligament; C-Anterior vestibular ligament. (x200) 

Fig. 40. Higher magnification of Figure 39. Note dense fibrous insertion of anterior 
tympanic ligament into base of anterior crus ( B). Ultrasonification has removed perios- 
teum of crus (A). (x500) 
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Fig. 41. Lateral surface, stapes footplate. Note tympanic mucosa (A), lateral liga- 








ol 


ment (B), and vestibular endosteum (C). (x100) 

Fig. 42. Fractured midstapes footplate. A-Lateral ligament attachment; B-Cartilage, 
lateral surface; C-Central bone core; D-Tympanic surface. (x500) 

Fig. 43, Higher magnification of Figure 42, A-Base, posterior crus; B-Tympanic 
mucosa; C-Lateral ligament; D-Vestibular endosteum; E-Vestibular surface, stapes foot- 


plate. (x500) 


Fig. 44. Higher magnification, Figure 43. Identifying letters same as Figure 43. 


(x1,000) 


secondary or chondroid cartilage which 
is associated with bone which has been 
formed predominately as membrane 
bone. The surface appearance of the 
bone of the tympanic surface of the 
footplate is typically fibrillar in pattern. 


Occasionally a ridge of bone, the crista 
stapedis, is present on the tympanic 
surface, running between the anterior 
and posterior crura. 


Bruner^ considered the annular liga- 
ment to be attached to the cartilage rim 
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of the oval window on the one hand and 
to the cartilage of the stapes rim on the 
other hand, and it was seen to extend 
the entire circumference of the joint. 
Engstrom?? and Engstrom and Rockert?? 
concurred with this in man but empha- 
sized the great differences between spe- 
cies. Bolz and Lim?* agree with this de- 
scription and found that in most human 
adults the posterior pole contains an 
articular cavity and suggest that pos- 
sibly these form in the manner of an ad- 
ventitious bursa. 


Our examination of the annular liga- 
ment reveals a high degree of speciali- 
zation between the anterior, posterior 
and lateral ligaments. The anterior liga- 
ment is most substantial and extends 
from the anterior stapes footplate where 
it surrounds the base of the anterior 
crus to the anterior oval window mar- 
gins. Posteriorly, the posterior ligament 





Fig. 45. Higher magnification, lateral sur- 
face, stapes footplate, showing fiber arrange- 
ment of lateral ligament. (x2,000) 


Fig. 46. Tympanic surface, stapes footplate. 
Bone appearance after removal of mucoperios- 
teum by ultrasonification. (x100) 


Fig. 47. Vestibular surface, stapediovestibu- 
lar joint. Note stapes (upper right), oval win- 
dow margin (lower left), and "trench" be- 
tween, representing area of stapediovestibular 
ligament. (x100) 


surrounds the posterior one third of the 
oval window margin and stapes. Fibers 
generally run downward from the pos- 
terior oval window margin and insert 
on the posterior rim of the stapes foot- 
plate, appearing to act as a sling. Later- 
ally, both along the superior and inferior 
rims of the stapes footplate, the liga- 
ments appear delicate and lack the de- 
finitive orientation of the anterior and 
posterior ligaments. 


SUMMARY 


The structure of the normal human 
stapes was studied in the scanning elec- 
tron microscope. Specimens were fixed, 
dissected, critical point dried and coated 
with gold. The typical appearance of the 
stapes head, neck, arch, crura and foot- 
plate have been presented. It is appar- 
ent that there exists a high degree of 
structural specialization, particularly in 
the stapes arch and footplate areas. 


REFERENCES 


1. Anson BJ: Major features in the devel- 
opmental history of the human stapes. Q Bull 
Northwest Univ Med Sch 14:250-257, 1940 


2. Anson BJ, Cauldwell EW: The develop- 
mental anatomy of the human stapes. Ann 


Otol Rhinol Laryngol 51:881-904, 1942 


3. Anson BJ, Cauldwell EW: Stapes, fis- 
sula ante fenestram and associated structures 


in man. IV. From fetuses 75 to 150 mm. in 
length. Arch Otolaryngol 37:610-671, 1943 


4. Anson BJ, Cauldwell EW, Reimann AF: 
Terminal stages in the development of the hu- 
man stapes. Ann Otol Rhinol Laryngol 53:42- 
53, 1944 


5. Anson BJ, Karabin JE, Martin J: Stapes, 
fissula ante fenestram and associated struc- 





«tures in man, I. From the embryo of seven 
"weeks to that of twenty-one weeks. Arch 


^^; “Otolaryngol 28:676-697, 1938 


6. Anson BJ, Karabin JE, Martin J: Stapes, 
fissula. ante fenestram and associated struc- 


. tures in man. II. From the fetus at term to the 


adult of seventy. Arch Otolaryngol 29:939- 
973, 1939: i , 


7. Beaton LE, Anson BJ: Adult form of the 
human stapes in the light of its development. 
Q Bull Northwest Univ Med Sch 14:258-269, 
1940 . 


8. Cauldwell EW, Anson BJ: Stapes, fis- 
sula ante fenestram and associated structures 
in men. III. From embryos 6.7 to 50 mm in 
length. Arch Otolaryngol 36:891-925, 1942 


9. Bast TH: Ossification of the otic capsule 
in human fetuses. Contrib Embryol 21:53-82, 
1930 


10. Macklin CC: The skull of a human fetus 
of 40 mm. Am J Anat 16:317-426, 1914 


11. Macklin CC: The skull of a human fetus 
of 43 mm greatest length. Contrib Embryol 
10:59-103, 1921 


12. Anson BJ, Hanson JS, Richany SF: 
Early embryology of the auditory ossicles and 
associated structures in relation to certain 
anomalies observed clinically. Ann Otol Rhinol 
Laryngol 69:427-447, 1960 


13. Kelly HDB: Observation on stapes 
mobilization. J Laryngol Otol 74:37-41, 1960 


14. Dass R, Grewal BS, Thapar SP: Human 
stapes and its variations. I. General features. 
J Laryngol Otol 80:11-25, 1966 

15. Kojo Y: Morphological studies of the 
human tympanic membrane. J Otorhinolaryn- 
gol Soc Jpn 57:121, 1954 


16. Kirikae I: The Structure and. Function 
of the Middle Ear. 'Tokyo, University of Tokyo 
Press, 1960, p 60 


17. Anson BJ, Donaldson JA: The Surgical 
Anatomy of the Temporal Bone and Ear. 
Philadelphia, WB Saunders, 1967 


18. Schuknecht HF: Pathology of the Ear. 
"Y nud Harvard University Press, 1974, 
p 


19. Reydon J-L, Smith CA: The ultra- 
structure of normal and otosclerotic human 
stapes. Laryngoscope 78:95-121, 1968 


20. Lim DJ: A scanning electron micro- 
scopic investigation on otosclerotic stapes. 
Ann Otol Rhinol Laryngol 79:1-20, 1970 


21. Terrahe K, Fromme HG, Schulz J: Ras- 
terelektronenmikroskopische | Untersuchungen 


MALCOLM D. GRAHAM 


am Knochenfeinbau der Gehorknochelchen. Z 
Laryngol Rhinol Otol Ihre Grenzgeb 49:733- 
742, 1970 


22. Brownson RJ, Marovitz WF: Scanning 
electron microscopy of normal human os- 
sicles. Laryngoscope 82:355-362, 1972 


23. Brownson RJ, Marovitz WF: Compara- 
tive scanning electron microscopy of rodent 
and human ossicles. Laryngoscope 82:598- 
606, 1972 


24. Marovitz WF, Brownson RJ: Scanning 
electron microscopy of rat ossicles and tym- 
panic bulla. Laryngoscope 81:346-364, 1971 


25. Graham MD, House HP: Human stapes 
crura. Normal ultrastructure, scanning elec- 
tron microscopical findings. Arch Otolaryngol 
101:548-551, 1975 


26. Graham MD, House HP: Human stapes 
crura: Surface bone architecture: Scanning 
electron microscopic findings. Laryngoscope 
86:1008-1014, 1976 


27. Kluyskens P, Fiermans L, Dekeyser W, 
et al: Scanning electron microscopic studies 
of the stapes in normal and in some pathologi- 
cal and experimental conditions. Acta Oto- 
laryngol (Stockh) 81:220-227, 1976 


28. Brunner H: Attachment of the stapes 
to the oval window in man, Arch Otolaryngol 
59:18, 1954 


29. Engstrom H: Uber den Bau der Syn- 
desmosis Tympano-stapedia beim Menschen 
und einigen Saugetieren. Acta Anat 6:283- 
306, 1948 


30. Engstrom H, Rockert H: Normal his- 
tology of the labyrinthine capsule and oval 
window area, in Schuknecht HF (ed): Oto- 
sclerosis. Boston, Little Brown and Co, 1962 


31. Wolff D, Bellucci RJ: The human os- 
sicular ligaments. Ann Otol Rhinol Laryngol 
65:895-910, 1956 


32. Gussen R: The labyrinthine capsule: 
Normal structure and pathogenesis of oto- 
sclerosis. Acta Otolaryngol (Stockh) [Suppl 
235] 1968 


33. Gussen R: The stapediovestibular joint: 
Normal structure and pathogenesis of otoscler- 
osis. Acta Otolaryngol (Stockh) [Suppl 248] 
1969 


34. Bolz EA, Lim DJ: Morphology of the 
stapediovestibular joint. Acta Otolaryngol 
(Stockh) 73:10-17, 1972 


35. Bast TH, Anson BJ: The Temporal Bone 
and the Ear. Springfield, Ill, Charles C. Thom- 
as, 1949, p 337 


ACKNOWLEDGMENTS — Our thanks are extended to Mr. Lawrence E. Irwin and Ms. Sheila 
Odnert for their technical assistance, Mrs. Barbara Grigg for her invaluable help in manuscript 
preparation, and to Mr. John Winstead and the technical staff of Project Hear, Palo Alto, Cali- 
fornia, for their assistance in specimen preparation. 


Professor Hans Engstrom, M.D. reviewed our manuscript and for this assistance we are 


most grateful. 


Reprints — Malcolm D. Graham, MD, the University of Michigan Medical School, De- 
partment of Otorhinolaryngology, 1405 E. Ann St., Ann Arbor, MI 48109. 


